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INTRODUCTION	
	
Welcome	to	your	iTEC	Level	3	Anatomy	and	Physiology	Course.	
		
You	can	work	your	way	through	the	classes	and	e-booklet	at	your	own	pace,	however	it	would	be	
best	to	aim	to	learn	a	new	system	each	week,	so	you	do	not	fall	behind	or	lose	interest.	
	
Ideally	you	will	dedicate	approx.	6-9	hours	a	week	 to	study	each	subject.	Remember	 that	 learning	
does	 not	 just	 involve	 these	 classes	 and	 the	 e-book.	 In	 order	 to	 successfully	 memorise	 and	
understand	anatomy	and	physiology	of	the	human	body	you	should	do	your	own	research	as	well.		
	
If	 you	have	access	 to	a	printer	 feel	 free	 to	print	 the	e-book	provided,	as	you	may	 find	 it	easier	 to	
follow	on	paper	format	than	on	a	tablet	or	other	device.		
	
Keep	on	top	of	the	lessons	otherwise	this	will	delay	your	course	end	date.	
	
To	 complete	 this	 course	 you	 will	 study	 the	 following	 12	 systems	 of	 the	 human	 anatomy	 via	 our	
online	learner	management	system:	

1. Cells	and	Tissues	
2. Integumentary	System	(Skin,	Hair	and	Nails)	
3. Skeletal	System	
4. Muscular	System	
5. Cardiovascular	System	
6. Lymphatic	System	
7. Neurological	System	
8. Endocrine	System	
9. Respiratory	System	
10. Digestive	System	
11. Urinary	System	
12. Reproductive	System	

	
	There	will	be	a	quiz	at	the	end	of	each	lesson	for	you	to	attempt.	This	is	a	way	for	you	to	see	what	
you	have	learned	from	each	system.	Each	quiz	has	multiple-choice	questions	(MCQ),	meaning	there	
is	 a	 question	 with	 four	 possible	 answers.	 You	 must	 pick	 just	 one	 answer.	 Some	 questions	 may	
include	a	diagram	for	you	to	label.	
	
Once	 you	 have	 completed	 all	 12	 systems	 and	 quizzes,	 you	 can	 complete	 a	 practice	MCQ	 test	 to	
prepare	 you	 for	 your	 final	 iTEC	 external	 theory	 examination.	 This	 final	 MCQ	 examination	 will	 be	
hosted	 online	 with	 an	 invigilator	 present.	 The	 iTEC	 examination	 board	 marks	 theory	 exams	
externally.	
The	theory	exam	has	50	questions	and	a	pass	mark	of	50%.	There	will	be	approx.	5	questions	on	the	
systems	numbered	 from	1-8	above,	3	questions	on	 the	 systems	numbered	9	and	10	above,	and	2	
questions	on	the	systems	numbered	11	and	12	above.		
	
Tests	are	graded	as	follows:	
Pass-50%-74%		
Merit-75%-89%		
Distinction-90-100%		
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ORGANISATION	OF	THE	BODY	
The	study	of	the	arrangement	or	structure	of	organs	is	called	anatomy		
The	study	of	the	function	of	the	organs	is	called	physiology	
The	study	of	diseases	and	what	causes	them	is	called	pathology	
	
The	 human	 body	 is	made	 up	 of	 an	 enormous	 number	 of	 tiny	 units	 of	 living	material	 called	 cells.	
(Nearly	100	trillion!)	The	skin	covers	the	human	body.	
	
It	is	supported	by	the	skeletal	system	
	
Moved	by	the	muscular	system	
	
Controlled	by	the	nervous	system,	 through	voluntary	and	 involuntary	actions.	The	brain	processes	
and	gathers	information.	
	
Energy	 is	 obtained	 from	 food,	 which	 is	 broken	 down	 by	 the	 digestive	 system	 and	 released	 by	
oxidation	 and	 kept	 going	 by	 the	 respiratory	 system.	 	 We	 need	 the	 following	 biochemical	
components	in	order	to	keep	us	alive:	

• Carbohydrates	
• Lipids	
• Proteins	
• Vitamins		
• Minerals	
• Fibre	
• Water		

	
Our	 respiratory	 system	 breathes	 in	 a	 combination	 of	 gases,	 however	 oxygen	 is	 the	 essential	 gas,	
which	keeps	us	alive,	and	carbon	dioxide	is	the	waste	gas.	
	
Food,	oxygen	and	other	materials	are	distributed	by	the	circulatory	system	and	lymphatic	system,	
which	carry	waste	to	the	excretory	system	
	
The	metabolic	functions	are	coordinated	by	the	endocrine	system	with	hormones	and	the	species	
procreates	by	the	reproductive	system	
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Anatomical	Position	
The	correct	anatomical	position	is:	
•	Body	erect	
•	Hands	by	the	sides	
•	Palms	facing	forward	
	
Anatomical	Planes	
• Sagittal/longitudinal:	 Divides	 the	 body	

into	left	and	right	segments.	
• Frontal:	Divides	 the	 body	 into	 front	 and	

back	segments.	
• Transverse:	 Divides	 the	 body	 into	 upper	

and	lower	segments.	
• Oblique:	Divides	the	body	diagonally.	
	
These	create	the	4	quadrants.	
Right	 Upper	 Quadrant	 (RUQ):	 contains	 the	
liver	(right	lobe),	gallbladder,	part	of	the	pancreas,	parts	of	the	small	and	large	intestines	
Left	Upper	Quadrant	 (LUQ):	 	 contains	 the	 liver	 (left	 lobe),	 stomach,	 spleen,	 part	 of	 the	pancreas,	
parts	of	the	small	and	large	intestines	
Right	 Lower	 Quadrant	 (RLQ):	 	 contains	 parts	 of	 the	 small	 and	 large	 intestines,	 right	 ovary,	 right	
fallopian	tube,	appendix,	right	ureter	
Left	Lower	Quadrant	(LLQ):	contains	parts	of	the	small	and	large	intestines,	left	ovary,	left	fallopian	
tube,	left	ureter		
	
Anatomical	Directions	
	

• Midline:	 an	 imaginary	 line	 down	 the	 centre	 of	
the	body	 from	 the	 centre	 of	 the	 head,	 through	 the	
centre	of	the	torso	and	out	in-between	both	legs.	

• Anterior:	The	front	of	the	body	

• Posterior:	The	back	of	the	body	

• Superior:	Towards	the	upper	part	of	the	body	

• Inferior:	Towards	the	lower	part	of	the	body	

• Medial:	Close	to	the	midline	

• Lateral:	Further	away	from	the	midline	

• Proximal:	Nearest	the	trunk	or	the	point	of	origin	

• Distal:	farthest	from	the	trunk	or	the	point	or	origin	

• Parietal:	Relating	to	a	body	cavity	wall.	

• Visceral:	Relating	to	organs	within	body	cavities.	

• Superficial:	Closer	to	the	surface	of	the	skin	

• Deep:	More	internal	within	the	body	

• Supine:	Lying	face	up,	palms	facing	upwards.	

• Prone:	Lying	face	down,	palms	facing	down.	
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Here’s	a	list	of	the	axial	body’s	main	regions:	

	
Head	and	neck	
Buccal	(cheek)	
Cephalic	(head)	
Cervical	(neck)	
Cranial	(skull)	
Frontal	(forehead)	
Oral	(mouth)	
Orbital/ocular	(eyes)	
	
Thorax	
Axillary	(armpit)	
Costal	(ribs)	
Mammary	(breast)	
Pectoral	(upper	chest)	
Pericardial	(heart)	
Thoracic	(Chest	cavity)	
	
Abdomen	
Abdominal	(abdomen)	
Gluteal	(buttocks)	
Inguinal	(bend	of	hip)	
Lumbar	(lower	back)	
Pelvic	(area	between	hipbones)	
Perineal	(area	between	anus	and	external	genitalia)	
Pubic/Groin	(genitals)	
Sacral	(end	of	vertebral	column)	
Umbilica	(Navel-	centre	of	the	abdomen)	
	
Here’s	a	list	of	the	appendicular	body’s	main	regions:	
	
Upper	extremity	
Antebrachial	(forearm)	
Brachial	(upper	arm)	
Carpal	(wrist)	
Cubital	(elbow)	
Cutaneous	(skin)	
Digital	(fingers/toes)	
Palmar	(palm)	
	
Lower	extremity	
Calcaneal	(Heel)	
Crural	(shin,	front	of	lower	leg)	
Femoral	(thigh)	
Patellar	(front	of	knee)	
Pedal	(foot)	
Plantar	(arch	of	foot)	
Popliteal	(back	of	knee)	
Tarsal	(ankle)	
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CELLS	AND	TISSUES	
	
Cytology	is	the	study	of	cells.	Histology	is	the	study	of	tissues.	
	
Biological	organisation	of	the	body	
	
The	 human	 body	 is	 made	 up	 of	 Systems,	 which	 are	 made	 up	 of	 Organs,	 which	 are	 made	 up	 of	
Tissues,	which	are	made	up	of	Cells.	
	
All	 cells	 need	 energy	 (nutrients	 and	 oxygen)	 to	 live	 and	 grow	 and	 they	 need	 to	 get	 rid	 of	 waste	
products	from	the	burning	of	energy		
	
	
Cells		 	 Are	the	smallest	biological	structure,	which	is	able	to	exist	independently.	
	
Tissues		 A	Group	of	similar	cells,	which	perform	a	particular	function	e.g.	nervous	tissue		
	
Organ		 Made	of	different	types	of	tissues	and	has	a	unique	function	For	example;	the	heart	

is	 an	 organ	 with	 the	 function	 of	 pumping	 blood	 around	 the	 body.	 It	 contains	
muscular,	nervous	and	connective	(blood)	tissue	

Systems		 Body	 systems	 consist	 of	 a	 group	 of	 organs,	 which	 are	 concerned	with	 one	 of	 the	
body’s	 living	 processes.	 These	 living	 processes	 involve	 the	 use	 and	 supply	 of	
chemicals	and	energy	and	the	removal	of	waste.	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

Ø Homeostasis:	The	process	by	which	the	body	maintains	a	stable	internal	environment	for	its	
cells	and	tissues.	Systems	work	synergistically	e.g.	body	temp,	blood	pressure,	pH	and	blood	
sugar	levels	to	maintain	homeostasis.		
	

Ø Basal	 metabolic	 rate:	 is	 the	 lowest	 amount	 of	 energy	 required	 by	 the	 body	 to	 function	
effectively.	

	
	
	



 
 

8 

Cell	Structure	

	
	

CELL	MEMBRANE		 This	 acts	 as	 a	 protective	 skin	 and	 contains	 all	 the	 contents	 of	 the	 cell.	 Importantly,	 the	
membrane	controls	the	flow	of	nutrients	and	substances	in	and	out	of	the	cell		

CYTOPLASM	
Contains	 all	 the	 cellular	 contents	 between	 the	 cell	 membrane	 and	 nucleus.	 Cellular	
metabolism	takes	place	here.	 It	 is	a	 jelly-like	fluid	made	up	of	70%	water,	 inorganic	salts,	
carbohydrates,	lipids	and	nitrogenous	substances.	

ORGANELLES	 Numerous	specialised	structures,	each	having	a	specialised	shape	and	function	within	the	
cell.	Organelles	are	listed	below.	

CENTROSOME	AND	
CENTRIOLES	

A	 centrosome	 is	 a	 small	 spherical	 structure	 situated	 near	 the	 nucleus	 in	 the	 cytoplasm,	
housing	 two-minute	dark	 circular	bodies	 called	Centrioles,	which	participate,	 in	 the	early	
stages	of	cell	division.	

NUCLEAR	MEMBRANE	
This	is	a	double	lipid	bilayer	that	encloses	the	genetic	material	in	eukaryotic	cells.	The	
nuclear	envelope	also	serves	as	the	physical	barrier,	separating	the	contents	of	the	nucleus	
(DNA	in	particular)	from	the	cytoplasm.	

NUCLEUS	
This	is	a	specialised	organelle,	which	controls	the	cell.	The	nucleus	has	two	main	functions:	
it	contains	the	DNA	of	the	cell,	and	it	also	controls	the	cell’s	activities	including	growth	and	
reproduction		

CHROMATIDS	AND	
CENTROMERE	

Chromatids	are	a	pair	of	identical	strands	joined	at	the	centre	by	a	Centromere.	They	
create	a	chromosome	–	contain	DNA/genes.	
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NUCLEOLUS	 This	is	a	structure	within	the	nucleus	that	plays	an	important	part	in	ribosome	production		

GOLGI	COMPLEX	OR	
GOLGI	APPARATUS	

An	organelle	that	receives	protein	from	the	rough	endoplasmic	reticulum	and	repackages	it	
for	release	at	the	cell	membrane		

MITOCHONDRIA	 The	cells	powerhouse;	 this	organelle	 converts	 fats	and	 sugars	 into	energy	 in	 the	 form	of	
Adenosine	Triphosphate	(ATP)		

LYSOSOME	 These	 contain	 digestive	 enzymes,	 this	 is	 where	 the	 digestion	 of	 the	 cell	 nutrients	 takes	
place.	They	also	dispose	of	other	unwanted	substances	and	any	other	worn	out	organelles		

VACUOLE	 Empty	spaces	within	the	cytoplasm	Contains	waste	

RIBOSOMES	 These	are	responsible	for	assembling	the	proteins	of	the	cell		

ROUGH	
ENDOPLASMIC	
RECTICULUM	

An	 organelle	 that	 assists	 in	 transportation	 of	 materials	 through	 the	 cell	 and	 plays	 an	
important	role	in	protein	manufacture	alongside	ribosomes		

SMOOTH	
ENDOPLASMIC	
RECTICULUM	

An	organelle	that	assists	 in	transportation	of	materials	 through	the	cell	and	breaks	down	
toxins	and	fats		

VESICLE	 An	organelle	that	secretes	cellular	substances	sited	at	the	cell	membrane		

	
	
How	can	substances	get	in	and	out	of	the	cell?	
	
The	cell	membrane	 is	made	of	proteins	and	lipids.	It	 is	a	semi-permeable	membrane,	which	allows	
different	substance	to	pass	in	and	out	of	the	cell	in	the	following	ways:		
	

1) By	diffusion	from	a	high	concentration	to	a	low	concentration	
Diffusion	is	the	spreading	of	something	more	widely	so	that	the	concentration	is	equal.	This	can	apply	
to	molecules,	atoms,	ions,	particles,	information	or	cultural	elements.	Sometimes	diffusion	happens	on	
its	own	and	sometimes	there	is	something	that	causes	it,	like	heat.	
	
	
	
	
	
	
	
	
	
Examples	of	Diffusion	

Ø You	can	smell	perfume	because	it	diffuses	into	the	air	and	makes	its	way	into	your	nose.	
Ø A	teabag	placed	in	a	cup	of	hot	water	will	diffuse	into	the	water.	
Ø Placing	food	colouring	in	a	liquid	will	diffuse	the	colour.	
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Diffusion	in	the	Human	Body	
Ø Oxygen	in	the	lungs	diffuses	from	the	alveolar	air	space	into	the	blood	circulating	around	the	

lungs.	
Ø Carbon	dioxide	diffuses	from	the	blood	circulating	around	the	lungs	into	the	alveolar	air	space.	

	
2) By	dissolving	in	lipids	in	the	cell	membrane	e.g.:	fat	soluble	substances.	

Dissolution	(or	dissolving):	fatty	substances	are	too	big	to	diffuse	through	the	membrane’s	tiny	pores,	
so	they	dissolve	into	the	fatty	of	lipid	part	of	the	membrane.	
	

3) By	active	transport-	this	applies	to	substances,	which	are	too	large	to	defuse	through	and	are	
not	soluble	in	fat.	They	are	transported,	bound	to	a	carrier	substance	from	the	outside	of	
the	cell	to	the	inside.	Energy	is	used	during	this	process.	Molecules	bind	to	a	receptor	site	
on	 the	 cell	 membrane,	 triggering	 a	 protein	 to	 change	 into	 a	 channel	 through	 which	
molecules	are	squeezed	and	ejected.	

	
	
	
	
	
	
	
	

	
	
	

	
4) Filtration-	Filtration	 is	movement	of	water	and	soluble	substances	across	the	cell	membrane	

due	 to	 hydrostatic	 pressure	 generated	 by	 the	 cardiovascular	 system.	Depending	 on	 the	
size	of	the	membrane	pores,	only	solutes	of	a	certain	size	may	pass	through	it.		

	
	
	

	
	
	
	
	
	

	
	
	

5) Osmosis-	 is	 the	 process	 of	 transferring	 water	 across	 a	 semi-permeable	 membrane	 by	
osmotic	pressure.		
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FUNCTIONS	OF	THE	CELL	
	

M	 Metabolism	 	 	 	 	 	
R	 Reproduction	

	 	 	 	 	 S	 Sensitivity	
G	 Growth	
R	 Respiration	 	 	 	 	 		
E	 Excretion	 	 	 	 	 	
M	 Movement	 	 	 	 	 	

	 	 	 	 	 	
	

1) Metabolism:	This	 is	the	technical	name	for	all	 the	chemical	changes	 in	an	organism,	which	
are	 necessary	 for	 life	 and	 include	 the	 activities	 of	 nutrition,	 respiration,	 excretion,	
movement,	growth,	repair	and	reproduction.	It	takes	place	in	two	stages:		

	
Anabolic	–	this	type	of	pathway	requires	energy	and	is	used	to	build	up	large	molecules	from	
smaller	ones	(biosynthesis).	
Catabolic	–	this	type	of	pathway	releases	energy	and	is	used	to	break	down	large	molecules	
into	smaller	ones	(degradation).	
	

	
2) Reproduction	-	Cells	divide	and	reproduce	in	two	ways:	mitosis	and	meiosis.		

	
Mitosis-	 is	 a	 process	of	 cell	 division	 that	 results	 in	 two	genetically	 identical	 daughter	 cells	
developing	from	a	single	parent	cell.		

	
Meiosis-	The	male	and	female	sex	cells	 (i.e.,	egg	and	sperm)	are	the	end	result	of	meiosis;	
they	combine	to	create	new,	genetically	different	offspring.		

	
3) Sensitivity/Irritability	-	Ability	of	the	cell	to	respond	to	stimuli;	chemical,	physical	or	thermal.	

	
4) Growth	-	Ability	for	the	cell	to	grow	and	reproduce	

	
5) Cellular	Respiration:	This	is	the	chemical	breakdown	of	foods	such	as	sugars	and	combining	

it	 with	 oxygen	 to	 produce	 energy	 for	 life	 within	 the	 cells.	 Oxygen	 is	 used	 for	 oxidising	
foodstuffs	and	excretes	carbon	dioxide.	

	
6) Excretion	-	Remove	waste	products	of	cell	metabolism	via	the	cell	membrane.	

	
7) Movement-	Cells	can	move	in	the	following	ways:	

	
Ø Amoeboid	Action	 -	 Contraction	of	 cell	membrane	 then	 relaxation,	 thus	 changing	 shape	of	

the	cell	and	causing	movement	e.g.	phagocytosis	(white	blood	cells).	
Ø Cilia	 -	Hair	 like	projections	 found	 in	 fallopian	tubes	produce	a	wave-like	movement,	which	

propel	cells	in	one	direction.	
Ø Flagella	-	Sperm	tail,	spiral	movement	

	
	
	
	
	



 
 

12 

Cell	Reproduction	
Mitosis		
When	the	cells	are	mature	enough,	reproduction	takes	place.		
Human	body	reproduce	or	divide	by	process	known	as	mitosis.		
Mitosis	results	in	2	daughter	cells	having	the	same	identical	number	of	chromosomes.	
	
Mitosis	occurs	in	4	active	stages:	-			
		 Interphase	(interval	phase	in	between	the	stage	of	Mitosis)	

1) P	 Prophase	
2) M	 Metaphase	
3) A	 Anaphase	
4) T	 Telophase	

	
	
	

1) 		Interphase	(Interval-	Not	an	active	stage	of	Mitosis)	
This	is	the	resting	stage	between	nuclear	division.	

Ø The	cell	carries	out	normal	metabolic	activities.		
	

	
	
	
	
	
			2)	Prophase	

Ø The	2	centrioles	that	are	close	to	the	nucleus	begin	to	move	away	from	each	other	towards	
opposite	sides	of	the	cell,	though	they	are	still	joined	by	spindle-like	threads.	

Ø Inside	the	nucleus,	chromosomes	form.	
Ø The	nucleolus	disappears.	

	
	
	
	
	
	
	
	
	
	
					3)	Metaphase	

Ø Centrioles	finally	reach	opposite	poles	at	the	beginning	of	this	phase.	
Ø The	nuclear	membrane	begins	to	disappear	
Ø The	chromosomes	arrange	themselves	in	the	middle,	each	attached	to	the	spindle.	
Ø By	the	end	of	this	phase,	each	chromosome	can	be	seen	distinctly	as	2	chromatids	starting	

to	pull	apart.	
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						4)	Anaphase	
Ø The	chromosomes	separate	at	their	centres	and	pull	apart.	
Ø The	daughter	chromosome	migrates	to	each	pole	of	the	cell.	
Ø The	cell	membrane	begins	to	form	the	cleavage	furrow	to	prepare	for	separation.	

	
	
	
	
	
	
	
	
	
	
						5)	Telophase	

Ø The	chromosomes	have	reached	to	one	pole	of	the	cell.	
Ø The	 cell	membrane	 continues	 to	 constrict	 until	2	 daughter	 cells	 are	 formed.	They	will	 be	

identical	copies	of	each	other	and	the	original	parent	cell.	
Ø The	nuclear	membranes	re-appears	around	each	set	of	chromosomes	and	the	cell	division	is	

completed.	
	
Mitosis	results	in	2	daughter	cells	having	the	same	identical	number	of	chromosomes	
	
	
	
	
	
	
	
	
	
	
	
TYPES	OF	TISSUES	
	
All	tissue	types	are	classified	into	four	main	types	of	tissues:	

1. Epithelial	tissue	
2. Muscle	tissue	
3. Nervous	tissue	
4. Connective	tissue	

	
	
Epithelial	 tissue-	Covers	or	 lines,	 body	 surfaces,	 internal	 cavities	 and	 forms	most	of	 the	 glands.	 It	
acts	as	a	protective	barrier	and	synthesizes	most	secretions.	Cells	forming	epithelial	tissue	are	very	
closely	packed	together	and	the	intercellular	substance	(matrix)	is	minimal.	
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	Tissue	Image	 Name	 	 Description	

	

	
Simple	Squamous	
Epithelium.	
	
	

Single	Layer	of	
cells.	
	
	

Single	layer	of	flat	cells	with	
a	centrally	located	nucleus.	

	

	
Simple	Cuboidal	
Epithelium.	
	
	

Single	layer	of	
cells.	
	
	

Single	layer	of	cube	shaped	
cells	with	a	centrally	located	
nucleus.	

	

Simple	Columnar	
Epithelium.	
	
	

Single	layer	of	
cells.	
	
	

	
Single	layer	of	rectangular	
shaped	cells	with	the	nucleus	
located	at	the	base	of	the	
cell.	
	

	

	
Ciliated	Simple	
Columnar	Epithelium.	
	
	

Single	layer	of	
cells.	
	

Single	layer	of	ciliated	
rectangular	shaped	cells	with	
the	nucleus	located	at	the	
base	of	the	cell.	

	

Stratified	Epithelium.	
	
	

Multiple	layers	of	
cells.	
	
	

	
Consists	of	several	layers	of	
cells,	with	squamous	cells	in	
the	surface	or	superficial	
layers	and	cuboidal	and	
columnar	in	the	deep	layers.	
Can	be	keratinized	like	the	
skin	or	non-	keratinized	for	
wet	surfaces	like	the	inside	
of	the	mouth.	
	

	

Transitional	
Epithelium.	
	

Multiple	layers	of	
cells.	
	

	
Consists	of	a	multiple	layers	
of	cells	whose	appearance	is	
variable	or	transitional.	
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MUSCULAR	TISSUE	
Specialised	 tissue	 for	 contraction	 and	 can	 therefore	 produce	 movement.	 Wherever	 there	 is	
movement	there	must	be	muscular	tissue	to	produce	it.	
	
There	are	three	types	of	muscular	tissue:	
	
1. Voluntary	or	Striated	
2. Involuntary	or	Smooth	(Non-Striated)	
3. Cardiac	

	
	
	
	
	
	
	
	
	

	
						Voluntary	or	Striated																												Involuntary	or	Smooth																																								Cardiac	
	
	
NERVOUS	TISSUE	
	

• Contain	cells	‘neurons’	which	conduct	‘messages’	around	the	body	
• Messages	are	nerve	impulses	

	
Nervous	tissue	is	composed	of:	

• Basic	nerve	cells	neurons.	
• The	nerve	cell	consists	of	a	large	cell	body	with	several	branches	called	dendrite.	
• These	bring	impulses	from	other	cells	and	tissue.	
• Dendrites	are	the	receiving	processes	
• Axons	-	attached	to	the	cell	body	is	the	transmitting	process.	The	axon	carries	impulses	away	

from	the	cell	body.	
	
CONNECTIVE	TISSUE	

• Used	to	connect	tissues	and	organs	
• Supports	/	protects	organs	e.g.	bone,	tendons,	collagen	

	
Cells	 forming	 connective	 tissue	 are	 more	 widely	 separated	 from	 each	 other	 than	 in	 epithelium	
tissue.	The	matrix	is	present	in	larger	amounts,	the	matrix	maybe	liquid,	semi-solid	or	solid	and	may	
contain	fibres	and	cells.		
Its	 main	 function	 is	 to	 provide	 structural	 support	 of	 the	 body	 e.g.;	 bone,	 cartilage,	 muscle	 and	
tendon.	
It	is	also	responsible	for	body	defences	e.g.	White	Blood	Cells	and	Macrophages.	
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There	are	8	types:	
	
1. Areolar		 	 (most	abundant	in	the	body)	
2. Adipose		 	 (specialised	for	fat	storage)	
3. Lymphoid		 	 (found	in	the	lymphatic	system)	
4. Yellow	elastic		 	 (Is	capable	of	considerable	extension	and	recoil)	
5. White	fibrous		 	 (This	is	a	strong	connective	tissue	but	not	very	elastic)	
6. Bone		 	 	 (Hardest	structure	in	the	body)	
7. Blood		 	 	 (Fluid	connective	tissue)	
8. Cartilage		 	 (This	is	a	much	firmer,	tougher	tissue	than	any	of	the	other		

connective	tissues)	
	
Where	can	these	tissues	be	found?	
Areolar	Tissue	-It	is	found	in	almost	every	part	of	the	body,	connecting	and	supporting	other	more	
active	tissues	e.g.	

• Between	muscles	
• Under	the	skin	
• Supporting	blood	vessels	&	nerves	
• Alimentary	canal	
• Glands	supporting	secretory	cells.	

	
Adipose	Tissue	 -	 Consists	of	 a	 collection	of	 fat	 cells	 containing	 fat	 globules.	 It	 is	 found	 supporting	
organs	 such	 as	 the	 eyes	 and	 kidneys	 also	 between	 muscle	 fibres	 and	 interspersed	 with	 areolar	
tissue,	under	the	skin	giving	the	body	a	smooth	out	line.			
	
Lymphoid	Tissue	-	They	are	found	in	the	blood	and	lymphoid	tissue	in	the:		

Ø Lymph	nodes	
Ø Thymus	
Ø Spleen	
Ø Tonsils	
Ø Adenoids	
Ø In	the	walls	of	the	large	intestines.	
Ø Appendix	
Ø Peyer’s	Patches	in	the	small	intestines	

	
Yellow	Elastic	Tissue	–	Found	in	organs	where	alteration	of	shape	is	required	e.g.	Arteries	especially	
large	ones,	trachea,	bronchi,	Lungs,	stomach	and	bladder.	
	
White	 Fibrous	 Tissue	 -	 It	 is	 found	 forming	 ligaments,	 outer	 protective	 covering	 for	 bones	
(periosteum).	It	forms	the	outer	protective	covering	for	some	organs	e.g.	Kidneys	and	the	duramater	
of	the	brain,	and	forming	muscle	fascia	and	tendons.	

	
Bone-	Hardest	structure	 in	the	body	and	there	are	two	types,	compact	and	cancellous-	Compact	 is	
dense	bone	for	strength,	cancellous	for	structure	bearing	and	cellular	development.	Bone	supports	
and	protects	the	body	and	all	its	organs	as	well	as	producing	cells	in	bone	marrow.	
	
Blood	 –	 Fluid	 connective	 tissue	 consisting	 of	 3	 types	 of	 cells	 suspended	 in	 plasma.	 There	 are	
Erythrocytes	 (red	 blood	 cells),	 Leucocytes	 (white	 blood	 cells),	 and	 thrombocytes	 (Platelets).	 This	
tissue	transports	food	and	oxygen	to	all	the	cells	of	the	body,	to	remove	waste	from	them,	to	fight	
infection	and	to	clot	blood.	
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Cartilage	-	There	are	three	types	of	cartilage:	-	
	

i. Hyaline	-	This	is	a	smooth,	bluish	white	tissue	the	matrix	is	solid	and	smooth.	It	is	found	covering	the	
ends	 of	 long	 bones,	 forming	 the	 costal	 cartilages,	 which	 attach	 the	 ribs	 to	 the	 sternum,	
forming	parts	of	the	larynx,	trachea	and	bronchi.	Found	on	wet	surfaces	that	may	be	subject	
to	wear.		

ii. Yellow	or	 Elastic	 Fibrocartilage	 –	Masses	 of	 yellow	elastic	 tissue	 lying	 in	 a	 solid	matrix.	 It	
forms	the	epiglottis,	ear	lobes.	

iii. White	 Fibrocartilage	–	Consists	 of	masses	of	white	 fibres	 in	 a	 solid	matrix,	 it	 is	 tough	but	
slightly	flexible	it	forms	the	intervertebral	discs,	semilunar	cartilages	(between	the	knee).	

	
	
Membranes-	 Cavities	 and	 hollow	 organs	 are	 lined	 with	 membranes.	 They	 consist	 of	 epithelium,	
which	secretes	lubricating	fluid	to	moisten	their	smooth	surfaces	to	prevent	friction.	
Synovial	Membrane-	Secretes	a	thick	fluid	chiefly	found	lining	joint	cavities	to	lubricate	movement	
of	one	bone	on	another.	Also	lines	the	sheaths	of	tendons.	
Mucous	Membrane-	Secretes	a	thinness	fluid	called	mucous.	Lines	the	food	canal	and	air	passages	
from	the	nose	downwards.	Mucous	secreting	cells	are	also	called	goblet	cells.	
Serous	Membrane-	Consists	of	flattened	cells	through	which	oozes	a	small	quantity	of	thin	watery	
fluid	called	serum,	 found	 lining	 the	 internal	 cavities	e.g.,	Thorax	and	abdomen.	Provides	a	 smooth	
moist	surface,	which	slides	easily	over	one	another.	
	
	

	
	
Pathologies	
	
Pathology	is	the	study	of	disease.	It	is	the	bridge	between	science	and	medicine.	It	underpins	every	
aspect	of	patient	 care,	 from	diagnostic	 testing	and	 treatment	advice	 to	using	cutting-edge	genetic	
technologies	 and	 preventing	 disease.	 Doctors	 and	 scientists	 working	 in	pathology	are	 experts	 in	
illness	and	disease.	
	
Viral:	Viruses	are	not	living	organisms.	They	need	a	host	or	living	cell	in	order	to	reproduce.	Viruses	
are	smaller	than	bacteria.	
	
Bacterial:	Bacteria	are	single-celled	organisms	that	are	living	and	can	reproduce	on	their	own.	
	
Fungal:	Fungal	infections	occur	when	an	invading	fungus	(yeast)	takes	over	an	area	of	the	body	and	
is	too	much	for	the	immune	system	to	handle.	
Fungi	can	live	in	the	air,	soil,	water,	and	plants.	There	are	also	some	fungi	that	live	naturally	in	the	
human	body	both	non-harmful	and	potentially	harmful.	
	

SUMMARY	
The	Cell:	

Ø Is	a	microscopic	building	block	
Ø Is	 a	microcosm	of	body	 functions:	 ingesting,	excreting,	breathing,	 reproducing,	moving,	

dying	
Ø Reproduces	by	division	
Ø Makes	tissues;	there	are	4	main	tissue	types	in	the	body.	
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Congenital:	This	can	be	a	disease	or	disorder	present	from	birth	and	inherited	through	genes.	These	
are	usually	non-contagious.	
	
Hormonal:	Hormones	are	chemical	messengers	in	our	bodies	helping	to	signal	to	organs	and	glands	
to	 produce	 certain	 secretions	 or	 actions.	 Hormones	 control	 metabolism,	 growth,	 menstrual	 cycle	
and	trigger	our	fight	or	flight	response,	to	name	a	few.	Hormonal	imbalances	can	be	in	the	form	of	
over	or	under	active	and,	in	some	cases,	hormonal	imbalances	can	be	caused	by	a	growth	or	tumour	
on	an	endocrine	gland.	
	
Allergic:	Allergies	occur	when	your	immune	system	reacts	to	a	foreign	substance	—	such	as	pollen,	
bee	venom	or	pet	dander	—	or	a	food	that	doesn't	cause	a	reaction	in	most	people.	
Your	 immune	system	produces	 substances	known	as	antibodies.	Allergic	 reactions	 can	 range	 from	
mild	to	severe	and	can	be	fatal	if	anaphylaxis	occurs.	
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SKIN,	HAIR	AND	NAILS	
	
Primary	component	of	skin	cells	is	a	protein	substance	called	keratin.	
Keratin	is	found	in	two	forms:		

• Hard	keratin	–	Fingernails	and	hair		
• Soft	keratin	–	Skin		

	
THE	SKIN	STRUCTURE	
The	skin	is	made	of	3	main	sections:	

i. Epidermis	
ii. Dermis	
iii. Subcutaneous	Layer	(Hypodermis)	

	
The	Epidermis	
Consists	of	five	layers	(inner	to	outer):	

1. Basal	layer	(stratum	germinativum)	–	cell	growth	
2. Prickle	cell	layer	(stratum	spinosum)-	‘spiny’,	irregularly	shaped	cells	
3. Granular	layer	(stratum	granulosum)-	grain-like	cells	
4. Clear/transparent	layer	(stratum	lucidum)-	transparent,	clear	(lucid)	cells;	soles	and	

palms	only	
5. Horny	layer	(stratum	corneum)-hardened,	‘cornified’	cells	

		
There	are	no	blood	vessels	in	the	epidermis		

Now,	let’s	take	a	look	at	each	layer	individually,	starting	from	the	deepest	layer	
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EPIDERMIS:	BASAL	LAYER		
(STRATUM	GERMINATIVUM)	
	
• Deepest	level	of	epidermis	
• Skin	cell	growth	occurs	here	through	mitosis	(cell	

division)	
• Cells	constantly	dividing	and	producing	new	cells		
• Replacement	process	takes	approximately	28–30	

days		
• Keratinocytes	 transport	 cholesterol	 to	 horny	

layer	 to	 form	 a	 part	 of	 the	 natural	moisturising	
factor	 (NMF),	 which	 gives	 the	 horny	 layer	 its	
water-binding	properties	

• Melanocytes	produce	melanosomes	or	pigment	granules	containing	melanin;	give	colour	to	skin		
• Melanin	 protects	 skin,	 particularly	 in	 layers	 closest	 to	 the	 surface,	 by	 screening	 out	 harmful	

ultraviolet	(UV)	rays	
• Merkel	cells	are	sensory	cells,	which	respond	to	touch		
	
Basal	 cell	 carcinoma	 -	 is	 a	 type	of	 skin	 cancer,	which	 involves	 this	 layer	of	 the	 skin.	 They	 tend	 to	
grow	slowly.	It’s	very	rare	for	a	basal	cell	cancer	to	spread	to	other	parts	of	the	body.	But	if	it's	left	
untreated,	 basal	 cell	 cancer	 can	 grow	 into	 nearby	 areas	 and	 invade	 the	 bone	 or	 other	 tissues	
beneath	the	skin.	
	
	
PRICKLE	CELL	LAYER	
(STRATUM	SPINOSUM	or	MALPHIGIAN	LAYER)	
	
• Desmosomes	 (intercellular	 connections)	 appear	

as	 prickly/spine-like	 projections;	 provide	
strength	and	support	between	cells	

• Layer	contains	8	to	10	cell	layers	
• Layer	 includes	 Langerhan	 cells,	 which	 help	

support	 immune	 system	and	 set	 up	 an	 immune	
response	to	an	allergy.	

• (Keratin	 production	 begins	 in	 the	 upper	 part	 of	
this	layer.)	

	
	
	
	
GRANULAR	LAYER	
(STRATUM	GRANULOSUM)	
	
Where	keratinisation	happens	
• Cells	start	to	lose	their	nuclei	and	begin	to	die	
• Cell	functions	begin	to	decrease		
• Cells	 look	 like	 tiny	 granules,	 more	 of	 a	 flat	

shape,	result	of	keratinisation	
• Keratin	helps	prevent	water	loss	from	the	skin		
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CLEAR/TRANSPARENT	LAYER			
(STRATUM	LUCIDUM)		
	
• Transparent	cells		
• This	 layer	 is	 most	 apparent	 in	 thick	 skin	 on	

palms	of	the	hands	and	soles	of	feet		
• Cells	 are	 flattened	 and	 transparent;	

squamous	cells	
• Keratinocytes	 (corneocytes)	 contain	 densely	

packed,	clear	keratin		
• These	 thick	 skin	 areas	 are	 where	 epidermal	

ridges	provide	palms	and	soles	with	traction	
• Epidermal	 ridges	 on	 fingertips	 are	

fingerprints	
• Helps	reduce	friction	between	the	horny	and	

granular	layers	
	
	
	
HORNY	LAYER			
(STRATUM	CORNEUM)		
	
• Contains	25-30	rows	of	dead	keratinised	skin	

cells	
• Outermost,	toughest	layer	of	skin	
• Prevents	dehydration	of	the	skin	
• The	 horny	 layer	 is	 protected	 by	 an	 acid	

mantle	 –	 A	 mixture	 of	 oil	 secreted	 by	
sebaceous	 oil	 glands	 and	water	 excreted	 by	
sweat	glands	

• The	pH	of	the	acid	mantle	averages	between	
5.5–5.6	

• Keratin	 cells	 are	 constantly	 being	 shed	 –	
Process	is	called	desquamation.		

• It	takes	approx.	28-30days	for	a	cell	to	reach	
this	 layer	before	being	desquamated	off	 the	
surface	of	the	skin.	

• Cells	 are	 constantly	 replaced	 from	 the	 layer	
beneath		

• Stratum	corneum	–	Outer	few	shell	layers	of	dead	epidermal	cells;	layer	that	is	exfoliated	during	
skin	care	services	

	
Squamous	 Cell	 Carcinoma	 -	 About	 2	 out	 of	 10	 skin	 cancers	 are	 squamous	 cell	 carcinomas	 (also	
called	squamous	 cell	 cancers).	 These	 cancers	 start	 in	 the	 flat	 cells	 in	 the	upper	 (outer)	part	of	 the	
epidermis.	
These	cancers	commonly	appear	on	sun-exposed	areas	of	the	body	such	as	the	face,	ears,	neck,	lips,	
and	 backs	 of	 the	 hands.	 They	 can	 also	 develop	 in	 scars	 or	 chronic	 skin	 sores	 elsewhere.	 They	
sometimes	start	in	actinic	keratosis.	
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DERMIS	
• Is	25	times	thicker	than	the	epidermis		
• Nourishes	the	lower	epidermis.	
• Made	 of	 Areolar	 connective	 tissue	 containing	

collagen	protein	and	elastin	fibres.	
• Split	 into	 2	 sections:	 the	 Superficial	 papillary	

and	deep	reticular	layers	
• Contains	several	structures	and	appendages	that	

include:		
 Glands		
 Specialised	cells	
 Hair	follicles	
 Nerves	
 Blood	vessels		
 Lymphatic	vessels	

• Also	called	dermal	layer	or	true	skin		
• Immediately	underlying	epidermis	
• Made	up	primarily	of	 collagen	and	elastin	 (connective	 tissue)	with	 sebaceous	glands,	 apocrine	

glands,	eccrine	glands	and	hair	follicles;	these	are	often	referred	to	as	appendages	of	the	skin		
• Referred	to	as	the	living	layer		
	
Specialised	Cells	Found	Within	The	Dermis	
	
Fibroblasts	
Fibroblasts	produce	the	protein	fibres	called	collagen	and	elastin.	
Collagen	supports	the	structure	of	our	skin	keeping	it	plump	while	elastin	gives	our	skin	stretch	and	
resilience.	As	we	age,	collagen	and	elastin	production	slows.	These	fibres	can	also	be	destroyed	by	
over-exposure	to	UV	radiation.	
By	 using	 collagen	 products	 on	 our	 skin,	we	 can	 help	 to	 hydrate	 it	more.	 Amino	 acids	 or	 peptides	
(proteins)	in	serums	have	a	similar	action.	
	
Mast	cells	
These	 are	 a	 type	 of	 white	 blood	 cell,	 which	 secrete	 histamine	 in	 an	 immune	 response.	 It	 also	
secretes	heparin	in	an	inflammatory	response	to	an	allergy.	
	
HistIocytes	
Histiocytes	are	also	part	of	the	immune	system	alerting	cells	to	the	presence	of	foreign	particles	such	
as	 bacteria.	 These	 cells	 are	 called	 macrophages,	 which	 have	 a	 phagocytic	 action	 on	 bacteria	 an	
foreign	matter,	meaning	that	they	can	ingest	and	engulf	foreign	matter	like	Ms	Pac-Man.	
	
Nerves	
Sensory	nerves	send	messages	to	the	brain.	Sensory	nerve	endings	respond	to:	

Temperature	
Touch	
Pressure	
Pain		

Motor	nerve	endings:		
Sent	from	the	brain	
Cause	constriction	or	dilation	of	blood	vessels	
Regulate	excretion	of	sweat	
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DERMIS:	Superficial	Papillary	layer		
• Lies	directly	beneath	epidermis	and	feeds	it	with	nutrients.		
• Rich	in	blood	vessels	and	capillaries		
• Finger-like	 projections	 (dermal	 papillae)	 of	 dermis	 extend	 into	 epidermis;	 some	 contain	

looped	capillaries	to	nourish	skin;	others	contain	nerve	endings	(tactile	corpuscles)	
• Tactile	corpuscles	(Meissner’s	corpuscles):	types	of	nerve	endings	responsible	for	sensitivity	

to	light	touch;	appear	as	epidermal	or	papillary	ridges	(fingerprints)		
• This	layer	forms	the	connective	tissue	sheath	around	hair	follicle	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
DERMIS:	Deep	Reticular	layer		

• Lowest	layer	of	dermis		
• Collagen	and	elastin	protein	fibres	provide	strength	and	flexibility.		

Also	found	in	this	layer:	
Ø Sudoriferous	glands	(sweat)	
Ø Sebaceous	glands	(oil)		
Ø Sensory	nerve	endings	and	receptors	
Ø Blood	vessels	
Ø Arrector	pili	muscles	
Ø A	major	portion	of	each	hair	follicle		

	
Glands	

• Endocrine:	Ductless	glands	release	secretions	into	blood	(e.g.	thyroid	hormones)	
• Exocrine:	Release	secretion	into	ducts	and	onto	some	surface	e.g.	the	skin		
• Two	types	of	exocrine	glands	found	in	the	dermis:		

1. Sudoriferous	glands	–	Produce	sweat		
2. Sebaceous	glands	–	Produce	sebum	(oil)		

	
Sudoriferous	Glands	
There	are	2	types	of	Sudoriferous	Glands:	
	
Eccrine	glands	(Think	E	for	Everywhere,	especially	palms	and	soles.)	

• Most	abundant	on	forehead,	palms	of	hands	and	soles	of	feet		
• Open	directly	onto	the	skin’s	surface		
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• Not	associated	with	hair	follicles	
• Influenced	by	sympathetic	nervous	system	(fight	or	flight).	
• It	activates	 the	sweat	glands	 through	 the	chemical	messenger,	Acetylcholine.	 (Pronounced	

EH-SEAT-AL-COAL-LEAN.)	 Acetylcholine	 helps	 with	 nerve	 conduction	 and	 is	 the	 most	
common	nervous	chemical	messenger	in	the	body.	
Functions:	

• Regulation	of	body	temperature	(thermoregulation)	
• Excretion	of	waste	
• Helping	to	maintain	acidic	pH	factor	of	skin		

	
	
	
Apocrine	 glands	 (A	 for	 Armpits	 and	
groin.)	
• Located	in	the	armpits,	genitals	and	

around	the	areolas.	
• Larger	than	eccrine	glands		
• Open	into	a	hair	follicle		
• Influenced	by	our	hormones	
• Become	active	during	puberty		
• Secrete	 a	 milky,	 odourless	 fluid,	

however,	 when	 combined	 with	
bacteria,	this	can	produce	an	odour	
i.e.	Body	odour	(B.O.)		

	
	
	
	
	
	
	
	

Sebaceous	glands	
• Produce	sebum	
• Distributed	all	over	surface	of	body	except	in	palms	of	hands	and	soles	of	feet		
• Largest	number	of	sebaceous	glands	is	found	on	forehead,	nose	and	back	
• Commonly	larger	in	men	than	women		
• Cause	oily	or	dry	skin	when	malfunctioning	
• Influenced	by	androgens	
• Sebum	mixes	with	sweat	to	create	the	acid	mantle	
• Attached	to	upper	third	of	hair	follicles	

	
Sebaceous	glands	are	a	type	of	holocrine	gland	meaning	that	the	cells	inside	this	gland	release	their	
secretions	 of	 sebum	while,	 at	 the	 same	 time,	 destroying	 the	 entire	 cell	 releasing	dead	 cells	 along	
with	sebum	onto	the	surface	of	the	skin.	
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HYPODERMIS:	Subcutaneous	Layer	
	

• Located	below	the	dermis		
• Made	up	mostly	of	adipose	(fatty)	and	loose	connective	tissue	and	contains	the	main	blood	

vessels	e.g.	arteries	and	veins	
• Protective	cushion/shock	absorber	protects	bones,	underlying	tissues	and	muscle	
• Supports	blood	vessels,	nerve	endings	
• Gives	contour	and	shape	to	the	body	and	acts	as	an	emergency	reservoir	of	food	and	water		
• Provides	insulation	for	warmth	

	
Contains:	

• Collagen	and	elastin		
• Fat	cells		
• Large	blood	vessels		
• Glandular	parts	of	some	of	the	sudoriferous	glands		
• Some	sense	organs	for	touch,	pressure	and	temperature	

		
Contains	three	types	of	tissue:		

• Areolar		
• Adipose		
• Reticular	
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FUNCTIONS	OF	THE	SKIN	
	
Skin	comprised	of	cells	and	tissues	with	specific	functions:	

• Sensation	
• Heat	regulation	
• Absorption	
• Protection	
• Excretion	
• Secretion	
• Vitamin	D	formation	

		
First	letters	spell	SHAPES	V	
	
Sensation	

• Approximately	five	million	sensory	cells	
• Respond	to	sensation	on	surface	of	skin	
• Nerve	endings	mainly	in	dermis	

	
Heat	Regulation	

• Excretion	of	sweat	
• Adipose	tissue	in	the	subcutaneous	layer	insulates	body	
• Vasoconstriction	–	Blood	vessels	constrict	to	keep	heat	near	essential	organs	
• Vasodilation	–	Blood	vessels	dilate	to	evaporate	heat	away	from	body	
• Errector	pili	muscle	contraction	causes	the	hair	to	stand	on	end.	Air	is	trapped	between	the	

hair	and	our	skin.	Our	body	temperature	heats	this	air	to	warm	us	up.	
• Errector	pili	muscle	relaxation	causes	the	hair	to	lie	flat	on	the	skin	and	sweat	will	evaporate	

off	the	skin’s	surface	to	cool	us	down.	
	
Absorption	

• Skin	is	not	totally	waterproof	
• Allows	certain	substances	to	be	absorbed	
• Substances	absorbed:	

Ø Between	cells	of	epidermis		
Ø Through	hair	shafts		
Ø Through	sweat	glands		
Ø Our	skin	can	absorb	UV	rays	

	
Protection	

• Defence	against	chemicals,	dehydration	and	damage	
• Sebum,	water	and	other	substances	on	skin’s	surface	keep	it	waterproof,	supple	and	flexible	
• Subcutaneous	layer	cushions	underlying	bones	and	organs		
• Dermis	and	hypodermis	protect	against	temperature	changes	
• Melanin	production	protects	the	deeper	structures	from	UV	damage.	

	
Excretion	

• Process	to	get	rid	of	waste	
• Skin	excretes	sweat,	salt	and	waste	from	the	body	
• Helps	to	remove	toxins	and	regulate	temperature	
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Secretion	
• Skin	secretes	sebum,	which	keeps	the	hair	and	skin	soft	and	flexible.	It	provides	lipids	(fats)	

for	 the	 lipid	 barrier	 of	 our	 skin	 at	 the	 top	 of	 the	 stratum	 corneum,	 which	 inhibits	 trans-
epidermal	water	loss.	

• Sebum	on	 the	 skin	 combines	with	moisture	 from	 sweat	 glands	 to	 create	 the	 acid	mantle,	
which	inhibits	the	invasion	of	bad	bacteria	into	our	skin.	

	
Vitamin	D	Production	

• Produced	in	skin	as	response	to	ultraviolet	B	radiation	(sunlight)	
• Cholesterol	molecules	(7-dehydro-cholesterol,	in	sebum)	convert	into	active	form	of	vitamin	

D	(in	presence	of	UV	rays)	
• Vitamin	D	is	necessary	for	healthy	teeth;	growth	and	maintenance	of	bones	
• Blocking	 UV	 rays	 can	 prevent	 production	 of	 vitamin	 D.	 (always	 check	 the	 UVA	 and	 UVB	

spectrum	of	protection	on	your	SPF)	
	
SKIN	HEALING	PROCESS	
	
When	 the	 skin	 becomes	 injured,	 the	 body	 initiates	 a	 process	 often	 referred	 to	 as	 the	 cascade	 of	
healing.	The	cascade	of	healing	is	divided	into	these	four	overlapping	phases:		

• Haemostasis	
• Inflammatory	
• Proliferative	
• Maturation	

Phase	1:	Hemostasis	Phase	
Hemostasis,	the	first	phase	of	healing,	begins	at	the	onset	of	injury,	and	the	objective	is	to	stop	the	
bleeding.	 In	 this	phase,	 the	body	activates	 its	emergency	repair	system,	the	blood	clotting	system,	
and	 forms	 a	 dam	 to	 block	 the	 drainage.	 During	 this	 process,	 platelets	 come	 into	 contact	 with	
collagen,	resulting	in	activation	and	aggregation.	An	enzyme	called	thrombin	is	at	the	center,	and	it	
initiates	the	formation	of	a	fibrin	mesh,	which	strengthens	the	platelet	clumps	into	a	stable	clot.	
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Phase	2:	Defensive/Inflammatory	Phase	
The	 second	 phase	 focuses	 on	 destroying	 bacteria	 and	 removing	 debris—essentially	 preparing	 the	
wound	bed	for	the	growth	of	new	tissue.	
During	Phase	2,	 types	of	white	blood	 cells	 called	neutrophils	enter	 the	wound	 to	destroy	bacteria	
and	 remove	debris.	 These	 cells	 often	 reach	 their	 peak	population	between	24	 and	48	hours	 after	
injury,	reducing	greatly	 in	number	after	three	days.	As	the	white	blood	cells	leave,	specialized	cells	
called	macrophages	arrive	 to	 continue	clearing	debris.	 These	cells	 also	 secrete	growth	 factors	and	
proteins	that	attract	immune	system	cells	to	the	wound	to	facilitate	tissue	repair.	This	phase	often	
lasts	four	to	six	days	and	is	often	associated	with	edema,	erythema	(reddening	of	the	skin),	heat	and	
pain.	
	
Phase	3:	Proliferative	Phase	
Once	the	wound	is	cleaned	out,	the	wound	enters	Phase	3,	the	Proliferative	Phase,	where	the	focus	
is	to	fill	and	cover	the	wound.	
The	 Proliferative	 phase	 features	 three	 distinct	 stages:	 1)	 filling	 the	 wound;	 2)	 contraction	 of	 the	
wound	margins;	and	3)	covering	the	wound	(epithelialization).	
During	the	first	stage,	shiny,	deep	red	granulation	tissue	fills	the	wound	bed	with	connective	tissue,	
and	new	blood	vessels	are	formed.	During	contraction,	the	wound	margins	contract	and	pull	toward	
the	center	of	the	wound.	In	the	third	stage,	epithelial	cells	arise	from	the	wound	bed	or	margins	and	
begin	 to	 migrate	 across	 the	 wound	 bed	 in	 leapfrog	 fashion	 until	 the	 wound	 is	 covered	 with	
epithelium.	The	Proliferative	phase	often	lasts	anywhere	from	four	to	24	days.	
	
Phase	4:	Maturation	Phase	
During	 the	 Maturation	 phase,	 the	 new	 tissue	slowly	 gains	 strength	 and	 flexibility.	 Here,	 collagen	
fibers	 reorganize,	 the	 tissue	 remodels	 and	 matures	 and	 there	 is	 an	 overall	 increase	 in	 tensile	
strength	(though	maximum	strength	is	 limited	to	80%	of	the	pre-injured	strength).	The	Maturation	
phase	varies	greatly	from	wound	to	wound,	often	lasting	anywhere	from	21	days	to	two	years.	
The	healing	process	is	remarkable	and	complex,	and	it	is	also	susceptible	to	interruption	due	to	local	
and	 systemic	 factors,	 including	 moisture,	 infection,	 and	 maceration	 (local);	 and	 age,	 nutritional	
status,	body	type	(systemic).	When	the	right	healing	environment	is	established,	the	body	works	in	
wondrous	ways	to	heal	and	replace	devitalized	tissue.	
	
SKIN	TYPES/CONDITIONS	
	
Mature	
Many	 things	 change.	With	 the	 passing	 of	 the	 years	the	metabolism	 of	 the	 cells	 becomes	 slower.	
From	 a	 certain	 age	 the	 skin	 presents	 specific	 characteristics:	 the	 amount	 and	 activity	 of	 the	
fibroblasts	is	reduced,	as	well	as	the	synthesis	of	collagen.	Also,	the	skin	dehydrates	and	dries	up	due	
to	the	reduction	of	the	vascularisation	and	sweat	and	sebum	secretions.	There	are	also	disorders	in	
the	pigmentation	and	“age	darkspots”	appear.	
All	of	 this	added	to	 the	exogenous	 factors	 that	affect	and	deteriorate	daily	 the	skin:	 sun,	 tobacco,	
diet,	exterior	environment,	etc.	produce	an	aged	face.	
Generally,	mature	skin	can	be	from	35	onwards.	Skin	can	show	signs	of	ageing	from	as	early	as	25,	
depending	on	the	skin	type,	condition	and	environment.		
	
What	does	Mature	skin	look	like?	

• Drier	and	finer	skin.	
• Dehydration.	
• Lack	of	luminosity.	
• Flaccidity,	lack	of	tone	and	firmness.	
• Deep	wrinkles.	
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• Pallid	or	yellowy	colour.	
• Open	pores.	
• Hyperpigmentation	and	age	darkspots.	

	
Young	
Youthful	skin	has	three	primary	characteristics:	
Moisture:	Moisture	 is	 another	 characteristic	 of	 youthful	 skin.	 This	 means	 that	 the	 skin	 feels	 the	
slightest	 bit	 damp.	 Youthful	 skin	 cells	 are	 plump	 and	 hold	 water.	 They	 also	 have	 normal	 oil	 and	
sweat	production.	It	is	not	dry.	There	is	no	cracking	or	flaking,	and	no	dry	spots.		
Texture:	 Youthful	 skin	 is	 firm,	 plump,	 and	 wrinkle-free.	 It	 bounces	 back	 and	 heals	 with	 minimal	
scarring.		
Plumpness:	 Youthful	 skin	 is	 plump.	 No	 matter	 how	 slim	 the	 person,	 there	 is	 a	 thin	 layer	 of	
underlying	adipose	tissue	that	rounds	the	features.		
	
Dry		
'Dry'	is	used	to	describe	a	skin	type	that	produces	less	sebum	than	normal	skin.	As	a	result	of	the	lack	
of	 sebum,	dry	 skin	lacks	 the	 lipids	 that	 it	 needs	 to	 retain	 moisture	 and	 build	 a	 protective	 shield	
against	external	 influences.	Dry	skin	can	be	thinner	and	appear	dull.	Pores	are	almost	 invisible	and	
breakouts	are	rare.	Skin	can	feel	rough	and	tight.	
	
Oily	
An	oily	skin	type	is	exactly	what	it	sounds	like	–	excess	oil	on	the	face	produces	a	persistently	shiny	
or	greasy	appearance.	If	you	don’t	treat	your	oily	skin,	pores	can	become	clogged	and	enlarged,	and	
dead	 skin	 cells	 may	 accumulate.	 Blackheads,	 papules,	 pustules	 and	 other	 types	 of	 acne	 are	 also	
common	with	this	skin	type.	
Typically	oily	skin	is	hereditary,	so	if	you	have	oily	skin	then	it’s	likely	that	it	was	passed	down	to	you	
via	one	or	both	of	your	parents.		This	tends	to	mean	that	there	is	very	 little	you	can	actually	do	to	
change	your	skin	type.	
However,	 excess	oil	 can	be	 caused	by	a	number	of	 various	elements.		Heightened	hormone	 levels	
can	 lead	 to	 more	 oily	 skin	 during	 times	 such	 as	 puberty	 and	 pregnancy,	 as	 well	 as	 during	 some	
women’s	menstrual	 cycles	 or	menopause.		 This	 is	 due	 to	 the	 sebaceous	 glands	 being	more	 active	
during	these	times.			
	
Combination	
Your	skin	can	be	dry	or	normal	in	some	areas	and	oily	in	others,	such	as	the	T-zone	(nose,	forehead,	
and	chin).	Many	people	have	this	type.	It	may	need	slightly	different	care	in	different	areas.	
Combination	skin	can	have:	

• Pores	that	look	larger	than	normal,	because	they’re	more	open	
• Blackheads	
• Shiny	skin	
• Normal	to	dry	cheeks	and	neck		

	
Sensitive	
A	true	sensitive	skin	condition	is	caused	by	a	genetic	predisposition.	Someone	who	is	truly	sensitive	
is	 born	 with	 this	 condition	 and	 tends	 to	 be	 prone	 to	 blushing,	 asthma	 and	 allergies.	 This	 skin	 is	
considered	more	delicate	with	a	lower	amount	of	pigment,	a	thin	epidermis,	and	blood	vessels	close	
to	the	skin	surface,	hence	the	obvious	appearance	of	redness.	Sensitive	skin	is	often	the	result	of	a	
defect	 in	 the	 skin’s	 protective	 outer	 layer	 –	 known	 as	 the	 epidermal	 lipid	 barrier	 layer	 –	 allowing	
irritants,	 microbes	 and	 allergens	 to	 penetrate	 the	 skin	 and	 cause	 adverse	 reactions.	 A	 disturbed	
epidermal	 lipid	 barrier	 is	 an	 important	 component	 in	 several	 inflammatory	 skin	 diseases	 such	 as	
rosacea,	atopic	dermatitis,	psoriasis	and	eczema.		
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Rather	 than	a	 result	 of	 genetics,	 sensitised	 skin	 is	 a	 reflection	of	 your	environment,	 lifestyle	 and	
physiology.	Pollution,	stress,	hormonal	fluctuations,	smoking,	alcohol,	poor	diet,	medical	procedures	
and	 even	 over-processed	 or	 exfoliated	 skin	 can	 all	 lead	 to	 sensitisation.	 Cosmetic	 ingredients	
including	alcohol,	lanolin,	fragrance	and	D&C	colourants	can	also	lead	to	sensitised	skin.	While	those	
with	 fair	 skin	 (usually	 of	 Northern	 European	 ancestry)	 traditionally	 experience	 sensitive	 skin,	
sensitised	 skin	 can	 be	 triggered	 in	 any	 person	 regardless	 of	 racial	 background	 or	 skin	 colour.	
Approximately	36%	of	the	population	in	China	has	declared	themselves	as	sensitive,	a	condition	that	
may	in	fact	be	attributed	to	the	high	level	of	pollution	in	both	rural	and	urban	parts	of	this	region.		
	
Normal/balanced	
'Normal'	 is	 a	 term	 widely	 used	 to	 refer	 to	 well-balanced	skin.	 The	 scientific	 term	 for	 well-
balanced	skin	is	eudermic.	The	T-zone	(forehead,	chin	and	nose)	may	be	a	bit	oily,	but	overall	sebum	
and	moisture	is	balanced	and	the	skin	is	neither	too	oily	nor	too	dry.	
Not	too	dry	and	not	too	oily,	normal	skin	has:	

• No	or	few	imperfections	
• No	severe	sensitivity	
• Barely	visible	pores	
• A	radiant	complexion		

	
Factors	affecting	skin	condition		
	
Age	
Aging	skin	 looks	thinner,	paler,	and	clear	(translucent).	Large	pigmented	spots,	 including	age	spots,	
liver	spots,	or	lentigos,	may	appear	in	sun-exposed	areas.	
Changes	in	the	connective	tissue	reduce	the	skin's	strength	and	elasticity.	This	is	known	as	elastosis.	
It	is	more	noticeable	in	sun-exposed	areas	(solar	elastosis).	Elastosis	produces	the	leathery,	weather-
beaten	 appearance	 common	 to	 farmers,	 sailors,	 and	 others	 who	 spend	 a	 large	 amount	 of	 time	
outdoors.	
The	blood	vessels	of	the	dermis	become	more	fragile.	This	leads	to	bruising,	bleeding	under	the	skin	
(often	called	senile	purpura),	cherry	angiomas,	and	similar	conditions.	
Sebaceous	glands	produce	less	oil	as	you	age.		
The	subcutaneous	fat	layer	thins	so	it	has	less	insulation	and	padding.	This	increases	your	risk	of	skin	
injury	and	reduces	your	ability	to	maintain	body	temperature.	
	
Nutrition	and	Diet	
Poor	 nutrition,	 which	 lacks	 in	 essential	 vitamins	 and	minerals,	 can	 cause	 serious	 problems	 in	 the	
skin.	Including	foods,	which	are	rich	in	vitamin	C	such	as	lime,	oranges	and	tomatoes	and	fatty	fishes	
such	 as	 tuna,	mackerel	 and	 salmons	 can	 help	 you	 retain	 radiant	 skin.	 Adding	 colourful	 fruits	 and	
vegetables	to	your	diet	will	help	you	detoxify	your	skin	and	get	acne	free	and	supple	skin.	
	
Smoking	
Smoking	can	affect	your	skin	adversely	as	it	strips	your	skin	of	essential	nutrients	and	oxidants.	This	
leads	to	degradation	of	the	basic	units	of	the	skin-	collagen	and	elastin.	The	affected	units	also	lead	
to	uneven	skin,	appearance	of	fine	 lines	and	sagging.	A	study	has	also	proven	that	smoking	causes	
acne	as	the	pores	in	your	skin	get	blocked.	
	
Alcohol	
Alcohol	dehydrates	our	bodies,	including	the	skin	–	this	happens	every	time	we	drink.		
Drinking	alcohol	can	also	cause	our	faces	to	look	bloated	and	puffy.	We	might	find	that	it	bloats	our	
stomach	too.	The	dehydrating	effects	of	alcohol	cause	this.	Drinking	alcohol	can	sometimes	trigger	a	
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rosacea	 flare.	 Some	 studies	 show	 alcohol	 might	 raise	 your	 odds	 of	 getting	 rosacea	 if	 you	 don’t	
already	have	it.	
	
Ultraviolet	
UV	rays,	either	from	the	sun	or	from	artificial	sources	like	tanning	beds,	can	cause	sunburn.	Exposure	
to	UV	rays	 can	 cause	 premature	 aging	of	the	skin	and	 signs	of	sun	 damage	 such	 as	 wrinkles,	
leathery	skin,	liver	spots,	actinic	keratosis,	and	solar	elastosis.	UV	rays	can	also	cause	eye	problems.	
	
Stress	
Stress	has	the	power	to	cause	major	hormonal	 imbalances	inside	your	body,	which	can	affect	your	
skin.	Stress	affects	the	skin’s	barrier	function,	which	reduces	its	ability	to	absorb	and	retain	moisture.	
Dehydrated	skin	looks	dry	and	patchy	and	becomes	flaky	over	time.	
	
Climate	

Ø Sun	and	the	Skin	
Exposure	to	ultraviolet	light	can	severely	damage	the	skin	–	leading	to	short-term	damage	and	long-
term	 changes	 in	 the	 texture	 and	 appearance	 of	 the	 skin.	When	we	 expose	 our	 skin	 to	 the	 sun	 –	
without	adequate	protection	–	our	skin’s	cells	become	damaged.	
This	damage	can	result	in:	

•  Pigmentation	
•  Texture	changes,	such	as	rough	skin	and	wrinkles	
•  Increased	number	of	moles	and	freckles	
•  Skin	cancer	

	
It’s	 not	 just	 our	 skincare	 regime	 and	 diet	 that	 affects	 our	 skin.	 The	 environment	 we	 live	 in	 also	
affects	 our	 skin.	 From	 exposure	 to	 the	 sun	 to	 harsh,	 wintery	 conditions,	 every	 day	 brings	 new	
challenges	for	our	skin	to	overcome.	
	
Ø Winter/Cold	weather	
Harsh	temperatures	and	windy	conditions,	common	in	the	winter	months,	can	also	play	havoc	with	
our	 skin.	 During	 the	 winter	 season,	 you’ll	 usually	 find	 that	 skin	 becomes	 dry	 and	 itchy.	 This	 can	
become	worse	when	exposed	to	elements	like	central	heating	in	the	home.	
	
Ø Skin	and	the	city	
Wherever	you	reside,	you’re	sure	to	be	exposed	to	pollution	on	a	daily	basis.	Of	course,	the	levels	of	
pollution	are	higher	in	major	cities	–	putting	those	that	live	in	cities	at	risk	of	problematic	skin.	
Dust	 in	 the	air	 can	 clog	pores	 and	 increase	bacteria	on	 the	 face.	 This	 can	 lead	 to	 acne	and	 spots.	
Chemical	pollutants	are	a	real	risk	too	–	interfering	with	the	skin’s	natural	protection	system.	These	
pollutants	break	down	the	skin’s	oils,	leaving	your	skin	dry	and	subject	to	ageing.	
	
Taking	 a	 break	 and	 getting	 away	 on	 holiday	 can	 be	 great	 for	 your	 mental	 health,	 but	 a	 sudden	
change	 in	climate	can	 irritate	your	skin.	Likewise,	central	heating	 in	winter	confuses	the	skin	while	
dry,	air	conditioned	environments	in	summer	can	take	their	toll	on	our	skin	too.	
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THE	STRUCTURE	OF	THE	HAIR	

	
Hair	follicle	has	two	layers:	

1.	Inner	root	sheath:	
• Huxley	 layer	 –	 Second	 layer	 of	 inner	 root	 sheath;	 one	 or	 two	 layers	 of	 horny,	 flattened	

epithelial	cells	
• Henle’s	layer	–	Third	and	outermost	layer	of	inner	root	sheath;	single	layer	of	cuboidal	cells	

	
2.	Outer	root	sheath:		

• Continuation	of	the	basal	layer,	surrounds	inner	root	sheath	
• Does	not	grow	with	the	hair		

	
Connective	sheath:		

• Surrounds	follicle	and	sebaceous	gland		
• Provides	hair	with	nerve	endings	and	blood	vessels		

	
Hair	bulb:	

• Enlarged	part	of	hair	at	the	base	of	hair	root		
	

Dermal	papilla:		
• Loose	connective	tissue		
• Contains	capillaries	to	nourish	cells	of	follicle	

	
Germinal	matrix:	

• Area	of	cells	around	the	dermal	papilla		
• Melanin	transferred	(pigmentation)	
• Cell	division	(mitosis)		

Inner	Root	Sheath	

Outer	Root	Sheath	
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Sebaceous	gland:		
• Attached	to	side	of	root	sheath		
• Produces	sebum	(oil)	
• Sends	 sebum	 up	 through	 hair	 follicles	 to	 surface	 of	 skin	 (prevents	 hair	 and	 skin	 from	

becoming	too	dry)	
	
Arrector	pili	muscle:	

• Comes	from	cells	in	dermis	that	attach	to	follicle	just	below	the	sebaceous	gland	
• Causes	hair	to	stand	on	end	when	person	is	scared	or	cold	
• Other	 end	 of	 arrector	 pili	 muscle	 attaches	 to	 dermis	 just	 beneath	 basal	 layer	 of	 the	

epidermis		
	
	
	
Three	major	layers	of	hair:		
	
Cuticle	–	outer	covering	of	hair		

• Overlapping	 layers	 of	 transparent	 scales	 that	 protect	 cortex	 and	
gives	the	hair	its	shine		

		
Cortex	–	2nd	layer;	unique	protein	structures	give	hair	most	of	its:	

• Pigment	(melanin,	natural	colour)	
• Strength	(elasticity)	

	
Medulla	–	Central	core	of	hair:		

• Often	absent	in	fine	or	very	fine	hair		
	
	
Hair	Types	
	
Lanugo	–	Baby-fine,	silky	hair;	shed	shortly	after	birth;	replaced	with	vellus	hair	
Vellus	–	Short,	 fine,	non-pigmented	hair;	 found	more	abundantly	on	women;	replaced	by	terminal	
hair	around	puberty	
Terminal	–	Originates	from	certain	predetermined	follicles	that	produce	long,	thick	pigmented	hair;	
normal	scalp,	eyebrow	and	pubic	hair	
	
FUNCTIONS	OF	THE	HAIR	
	
Heat	 Regulation-	 Being	 indoors	 in	 a	 cold	 room	 or	 outdoors	 in	 cold	 weather	 makes	 our	 muscles	
contract,	 causing	 them	 to	 pull	 the	 hair	 into	 an	 upright	 position.	 These	 erect	 strands	 trap	 air	 and	
serve	as	insulation	to	protect	the	body	from	the	cold.	This	explains	why	a	person	who	has	more	hair	
feels	warmer	than	someone	who	has	little	or	none	at	all.	Hot	temperatures	have	an	opposite	effect.	
As	our	sweat	glands	secrete	sweat	that	evaporates	to	cool	us	down,	the	muscles	relax,	making	the	
hair	lie	flat	to	release	heat.	
	
	
Protection-	Hair	covers	almost	all	of	our	body	except	for	the	palms	of	our	hands,	soles	of	the	feet,	
and	 lips.	 Aside	 from	 providing	 cover	 from	 the	 heat	 of	 the	 sun,	 body	 hair	 such	 as	 eyebrows,	
eyelashes,	and	those	found	in	nostrils	help	keep	dust	and	foreign	matter	out.	
	
	

Medulla

Cortex

Cuticle
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HAIR	GROWTH	CYCLE	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

Anagen	–	Active	growing	stage:		
• Hair	bulb	has	an	attached	root	sheath	
• Hair	receives	nourishment	via	blood	supply	from	dermal	papilla		
• Melanin	cells	produced	(colour)	
• On	average,	90%	of	a	person’s	hair	is	in	this	stage;	can	last	two	to	six	years	
• Hair	colour	is	darker	during	the	anagen	stage	

	
Catagen	–	A	brief	transitional	stage:	

• All	cell	division	stops	
• Stage	lasts	only	a	few	weeks	
• Dermal	papilla	breaks	away,	lower	end	of	hair	becomes	loose	from	base	of	follicle	
• Hair	still	being	fed	from	follicle	wall;	sometimes	known	as	a	club-ended	hair	
• Hair	gradually	becomes	drier;	continues	to	move	up	to	just	below	sebaceous	gland	

	
Telogen	–	Resting	stage:	

• Each	hair	bulb	has	no	attached	root	sheath	
• Hair	falls	out	
• On	average	10–15%	of	hair	is	in	resting	stage;	generally	lasts	3–4	months	
• Follicle	rests	until	stimulated	by	hormones	to	return	to	anagen	phase	
• Eventually,	cell	division	is	stimulated	to	produce	new	hair;	growth	cycle	starts	again		

	
FACTORS	THAT	AFFECT	HAIR	GROWTH	
Congenital:		

• Present	from	birth	
• Hereditary	e.g.	hypertrichosis		

Topical:		
• Caused	by	friction	or	stimulation	(shaving/tweezing)	

Systemic:		
• Disruptions	to	endocrine	(hormone)	system	e.g.	Hirsuitism	
• Puberty,	pregnancy,	menopause		
• Long-term	stress		
• Medication	
• Anorexia	nervosa	
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STRUCTURE	OF	THE	NAIL	
	

	
1. Mantle	–	 Skin	 above	 the	matrix.	 It	 protects	 the	matrix	

and	nail	root.	
2. Nail	matrix	–	Active	 tissue;	where	 the	nail	 grows	 from.	

Generates	new	cells.	(Stratum	Germinativum)	
3. Nail	root	–	Attached	to	matrix	at	base,	under	skin.	
4. Nail	 bed	 –	 Area	 on	 which	 nail	 body	 rests;	 nerves	 and	

blood	vessels	provide	nourishment	(Dermis)	
5. Nail	plate	–	Visible	nail,	root	to	free	edge;	no	nerves	or	

blood	vessels.	Made	of	keratin.	(Stratum	Corneum)	
6. Lunula	–	Half-moon	shape;	visible	part	of	the	matrix		

	
	
	
	
	
	
	
	
	

7. Eponychium	–	Live	tissue	at	base	of	nail	
8. Cuticle	–	Overlapping	dead	tissue	around	nail		
9. Nail	grooves	–	Tracks	on	either	side	that	the	nail	moves	

on	as	it	grows	
10. Sidewalls	 –	 Folds	 of	 skin	 on	 either	 side	 of	 the	 nail	

groove	
11. Perionychium	–	Living	tissue,	overlies	nail	plate	on	sides	

of	nail	
12. Free	edge	–	 Part	of	nail	 that	extends	beyond	 finger	or	

toe;	protects	
13. Hyponychium	 –	 Living	 tissue	 underneath	 free	 edge	 of	

nail		
	
	
	
	

The	 fingernail	 has	 a	 three-layer	 structure	 (outer	 to	 inner)	 –	 the	 dorsal,	 intermediate,	 and	 ventral	
layers.	
Ø The	dorsal	outer	layer	is	dense	and	hard,	consisting	of	cornified	keratin	only	a	few	cells	thick.		
Ø The	intermediate	layer,	in	contrast	to	the	dorsal	layer,	shows	a	highly	fibrous	structure	oriented	

perpendicular	 to	 the	 direction	 of	 nail	 growth	 and	 constitutes	 roughly	 75%	 of	 the	 plate’s	
thickness.	

Ø The	ventral	layer	is	very	thin	and	consists	of	a	few	layers	of	cells,	which	connect	the	nail	plate	to	
the	nail	bed	below.	
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FUNCTION	OF	THE	NAIL	
	
Three	main	functions	of	the	nail:	

1. To	protect	nail	bed,	nail	plate	and	ends	of	the	fingers	from	damage/bacteria	
2. To	enhance	fingertip	sensitivity		
3. To	assist	fingers	when	picking	up	small	objects		

	
	
NAIL	GROWTH	CYCLE	
	
Nails	 grow	by	 a	 process	 of	 extrusion.	 As	 new,	growing	cells	 are	 added	 at	 the	 base	 of	 the	nail,	 the	
older	cells	are	pushed	out	toward	the	fingertip	(or	tip	of	the	toe).	The	cells	meet	resistance	as	they	
emerge	and	join	the	established	nail	plate,	growing	flatter	and	longer.	
	
There	are	five	stages	of	nail	growth,	they	are:	
	

1. Cells	divide	in	the	Matrix.	This	is	known	as	Cell	Mitosis.	
2. New	cells	are	pushed	forward	by	constant	cell	reproduction.	
3. Cells	undergo	hardening;	this	is	also	known	as	Keratinisation.	
4. The	growing	nail	is	guided	along	the	Nail	Grooves	and	Side	Walls.	
5. The	Free	Edge	is	formed	away	from	the	finger.		

	
Fingernails	grow	faster	than	toenails,	at	a	rate	of	3	millimetres	per	month.	It	takes	six	months	for	a	
fingernail	 to	 grow	 from	 the	 root	 to	 the	 free	 edge.	 Toenails	 grow	 much	 more	 slowly,	 at	 just	 1	
millimetre	per	month.	It	takes	a	toenail	12	to	18	months	to	grow	from	root	to	tip.	
	
	
FACTORS	THAT	AFFECT	NAIL	GROWTH	
	

• Diet	
• Poor	health	
• General	health	
• Drugs/Medication	
• External	damage	
• Season	of	year	
• Occupation	
• Pregnancy	
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PATHOLOGIES	OF	THE	SKIN	
	
Infestations/Parasitic	Infections	(Highly	Contagious)	

• Scabies	-	These	mites	burrow	under	the	skin	and	lay	their	eggs.	You	can	sometimes	see	red	
and	grey	lines	where	they	have	burrowed.		

• Pediculosis	Capitas	–	More	commonly	known	as	head	 lice.	These	 insects	 lay	 their	eggs	on	
the	surface	of	the	hair.	The	scalp	can	be	itchy	with	eggs	visible.	

• Pediculosis	 Pubis	 -	Pubic	 lice	 (sometimes	 called	 crabs)	 are	 tiny	 insects	 that	live	 on	 coarse	
human	body	hair,	 such	as	pubic	hair.	As	well	as	being	 found	 in	pubic	hair,	 the	lice	are	also	
sometimes	found	in:	

• Underarm	and	leg	hair	
• Hair	on	the	chest,	abdomen	and	back	
• Facial	hair,	such	as	beards	and	moustaches	
• Eyelashes	and	eyebrows	(very	occasionally)	

	
Unlike	head	lice,	pubic	lice	don't	live	in	scalp	hair.	They	feed	on	blood.	
Pubic	lice	are	spread	through	close	bodily	contact,	most	commonly	sexual	contact.	
Itching	is	the	most	common	symptom	of	pubic	lice	and	is	an	allergic	reaction	to	their	saliva.	
The	itching	is	usually	worse	at	night	because	that's	when	the	lice	are	most	active.	

• Pediculosis	Corporis	–	Body	lice.	Body	lice	are	rarely	found	on	the	skin,	as	they	live	in	and	
lay	eggs	on	clothing.	As	above,	they	feed	on	blood.	

	
	
Bacterial	infections		

• Impetigo	-	A	contagious	bacterial	infection	where	fluid	filled	blisters	are	found	on	the	trunk,	
arms	and	 legs,	that	spread	quickly	before	bursting	to	 leave	a	yellow/	honey-coloured	crust	
and	itchy	skin.	

• Conjunctivitis	-	Usually	a	bacterial	condition	caused	by	matter	entering	the	eye	and	results	
in	 irritation.	 The	 lining	 of	 the	 eye	 becomes	 inflamed	 and	 pus	 appears	 in	 severe	 cases.	
Contagious.	

• Acne	 Vulgaris	 -	 A	 bacterial	 condition	 of	 the	 skin.	 Common	 during	 periods	 of	 hormonal	
imbalance	 e.g.	 puberty	 and	 pregnancy.	 Excess	 oil	 production,	 papules,	 pustules	 and	
comedones	accompany	this	condition.	

• Acne	Rosacea	-	Rosacea	is	a	long-term	skin	condition	that	mainly	affects	the	face.	It's	more	
common	 in	 women	 and	 people	 with	 lighter	 skin,	 but	 symptoms	 can	 be	 worse	 in	 men.	
Treatment	can	help	with	symptoms.	
Other	symptoms	can	include:	
• Dry	skin	
• Swelling,	especially	around	the	eyes	
• Yellow-orange	patches	on	the	skin	
• Sore	eyelids	or	crusts	around	roots	of	eyelashes	–	this	could	be	blepharitis	
• Thickened	skin,	mainly	on	the	nose	(usually	appears	after	many	years)	
Common	triggers	for	rosacea	include:	
• Alcohol	
• Spicy	foods	
• Cheese	
• Caffeine	
• Hot	drinks	
• Aerobic	exercise	like	running	
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• Boils	-	A	localised	painful	red	lump	that	develops	in	the	hair	follicle	and	fills	with	pus.	
• Folliculitis	 –	 is	 inflammation	 of	 hair	 follicles	 due	 to	 infection.	 Can	 be	 live	 shaving	 rash	 or	

small	pustules	on	the	legs	a	few	days	after	waxing.	
	
Viral	infections	(Highly	Contagious)	

• Herpes	simplex	-	Fluid-filled	blisters	that	break	open	leaving	scabs.	Commonly	found	on	the	
lips,	nose	and	sometimes	the	eye	area	is	affected.	

• Herpes	 Zoster	 -	 (Shingles	 in	 adults,	 Chicken	 pox	 in	 children)	 Redness	 and	 blisters	 that	
develop	and	form	crusts	along	the	nerve	pathways	leaving	purplish	pigmentation.	

• Verrucae	–	Verrucas	are	caused	by	a	virus.	They	can	be	spread	to	other	people	from	
contaminated	surfaces	or	through	close	skin	contact.	You're	more	likely	to	spread	a	wart	or	
verruca	if	your	skin	is	wet	or	damaged.	Verrucas	appear	on	your	feet.	They	have	tiny	black	
dots	under	the	hard	skin.	

• Warts	-	Dull	raised	rough	lumps	found	on	the	face,	hands,	fingers	and	feet.	
	
Fungal	diseases	(Contagious)	

• Tinea	corporis	–	More	commonly	know	as	ringworm.	Red	dry	rings	on	the	body	with	clear	
skin	in	the	centre.		

• Tinea	capitis	–	Ringworm	of	the	scalp	(same	appearance	as	above)	
• Tinea	pedis	–	Ringworm	of	the	feet,	more	commonly	know	as	Athlete’s	Foot.	

	
Allergies	(Non-	Contagious)	

• Urticaria	 -	 Urticaria,	 also	 known	 as	 hives,	 is	 an	 outbreak	 of	 swollen,	 pale	 red	 bumps	 or	
wheals	on	the	skin	that	appear	suddenly	--	either	as	a	result	of	the	body's	reaction	to	certain	
allergens,	or	 for	unknown	reasons.	Hives	usually	cause	 itching,	but	may	also	burn	or	sting.	
They	can	appear	anywhere	on	the	body,	including	the	face,	lips,	tongue,	throat,	or	ears.	

	
Pigmentation	disorders	(Non-	Contagious)	

• Vitiligo	-	Patches	of	skin,	which	appear	much	lighter	than	the	natural	skin	tone.	
(hypopigmentation)	

• Albinism	 -	 Albinism	 is	 an	 inherited	 condition	 that	 affects	 the	 production	 of	 melanin,	 the	
pigment	that	colours	the	skin,	hair	and	eyes.	Very	pale	skin	that	burns	easily	in	the	sun	and	
does	not	usually	 tan	 is	also	 typical	of	albinism.	The	 reduced	amount	of	melanin	can	cause	
eye	problems.	This	is	because	melanin	is	involved	in	the	development	of	the	retina,	the	thin	
layer	of	cells	at	the	back	of	the	eye.	

• Chloasma	–	More	commonly	found	on	women	than	men	due	to	the	hormone,	oestrogen.	
Brown	patches	on	the	forehead	and	cheek	areas	that	are	triggered	by	hormonal	changes.	

• Ephilides	-	Freckles	are	harmless	flat	spots	caused	by	exposure	to	ultraviolet	light.	They	may	
be	 yellow,	 tan,	 brown	 or	 black	 and	 are	 particularly	 common	 in	 people	 with	 a	 fair	
complexion.	Freckles	are	normally	seen	on	the	cheeks,	nose,	arms	and	shoulders	and	appear	
in	children	as	young	as	one	year	old.	Most	are	uniform	in	colour.	

• Lentigo	 -	Lentigines	 (singular	=	 lentigo)	 are	 larger,	 flat,	 pigmented	 spots	 that	occur	 in	 skin	
that	has	been	exposed	to	the	sun	over	many	years.	In	contrast	to	ephelides	or	‘true	freckles’,	
they	do	not	get	darker	after	exposure	to	the	sun	and	do	not	fade	in	winter.	They	are	more	
common	in	older	people.	

• Naevae	-	Naevi	or	moles	are	small,	coloured	spots	on	the	skin.	Most	people	have	them	and	
they're	usually	nothing	to	worry	about	unless	they	change	size,	shape	or	colour.	

• Port	wine	stain	-	A	port	wine	stain	is	a	vascular	birthmark	caused	by	abnormal	development	
of	 blood	 vessels	 in	 the	skin.	 A	 port	 wine	 stain	 is	 sometimes	referred	 to	 as	 a	 capillary	
malformation.	
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• Leucoderma	–	 translates	 to	white	patches	on	 the	 skin.	 This	 condition	 is	 similar	 to	Vitiligo.	
While	many	people	confuse	vitiligo	with	leucoderma,	there	is	a	small	difference	between	the	
two.	 Like	 vitiligo,	 the	white	 watches	 in	 leucoderma	 appear	 due	 to	 the	 destruction	 of	 the	
melanocytes.	However,	 the	destruction	of	the	melanocytes	 in	the	case	of	 leucoderma	may	
result	from	an	accident,	a	cut,	burn	or	tear.	

	
Congenital	(INHERITED	NON-CONTAGIOUS)	

• Dermatitis	–	inflamed,	red	and	sore	skin	caused	by	exposure	to	an	irritant.	
• Eczema	-	Skin	that	 is	dry,	red	and	flaky.	Eczema	can	be	 inherited	from	your	parents	or	can	

develop	from	and	allergy.	
• Psoriasis	–	Skin	that	is	thick,	red,	flaky	with	silver	plaques		(silvery	scales)	and	is	hereditary		

	
General	disorders	

• Sensitive	skin	–	See	skin	types	on	page	30.	
• Ultraviolet	damage-	UV	rays,	either	from	the	sun	or	from	artificial	sources	like	tanning	beds,	

can	cause	sunburn.	Exposure	to	UV	rays	can	cause	premature	aging	of	the	skin	and	signs	of	
sun	damage	such	as	wrinkles,	leathery	skin,	liver	spots,	actinic	keratosis,	and	solar	elastosis.	

• Pustules	–	more	commonly	known	as	spots/pimples.	These	are	raised	red	bumps	with	pus	
containing	bacteria	inside.		

• Papules-	 Red	 raised	 bumps	 on	 the	 skin	 without	 pus	 inside.	 Common	 on	 a	 skin	 that	 has	
broken	out.	

• Erythema	-	 is	 redness	of	 the	skin	or	mucous	membranes,	caused	by	hyperemia	 	(increased	
blood	flow)	in	superficial	capillaries.	It	occurs	with	any	skin	injury,	infection,	or	inflammation.	
Examples	of	erythema	not	associated	with	pathology	include	nervous	blushes.		
It	 can	 be	 caused	 by	infection,	massage,	 electrical	 treatment,	acne	medication,	allergies,	
exercise,	 solar	 radiation	 (sunburn),	photosensitisation,	acute	 radiation	 syndrome,	mercury	
toxicity,	blister	 agents,	or	 waxing	 and	 tweezing	 of	 the	 hairs—any	 of	 which	 can	 cause	 the	
capillaries	to	dilate,	resulting	in	redness.	
	

• Skin	cancers	(See	above	in	the	epidermis)	
Melanoma	-	Melanoma,	also	called	malignant	melanoma,	is	a	type	of	skin	cancer.	It's	often	
caused	by	too	much	sun	exposure.	
The	first	sign	of	melanoma	is	often	a	new	mole	or	a	change	in	the	appearance	of	an	existing	
mole.	
Melanoma	can	usually	be	treated	with	surgery	if	it's	caught	early.	If	it	has	spread,	treatment	
may	involve	other	treatments,	like	radiotherapy.	
Carcinoma	–	Most	common	type	of	skin	cancer.	A	carcinoma	begins	in	the	skin	or	the	tissue	
that	 covers	 the	 surface	 of	 internal	 organs	 and	 glands.	Carcinomas	usually	 form	
solid	tumours.	They	are	the	most	common	type	of	cancer.		

	
PATHOLOGIES	OF	THE	HAIR	
	

• Trichorrhexis	Nodosa-	is	a	common	hair	problem	in	which	thickened	or	weak	points	(nodes)	
along	the	hair	shaft	cause	your	hair	to	break	off	easily.	Trichorrhexis	nodosa	can	be	cured	by	
taking	proper	 and	 gentle	 care	of	 the	hair.	Most	of	 the	 cases	 are	 acquired	due	 to	 external	
environment	 factors	 like	 perming,	 high	 heat	treatments,	 exposure	 to	 ultraviolet	 light	 and	
chemical	treatment	of	the	hair.	

	
• Loose	 anagen	 syndrome-	 (LAS)	 is	 a	 hair	disorder	in	 which	 the	 hair	 is	 'loose'	 and	 can	 be	

painlessly	pulled	from	the	scalp.	Essentially,	hairs	are	not	anchored	 into	the	scalp	properly	
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with	no	known	cause;	as	a	 result	affected	patients	have	a	 'bed	head'	appearance	and	hair	
that	doesn't	seem	to	grow.	

• Trichotillomania-	 Trichotillomania,	 also	 known	 as	 trich,	 is	 when	 someone	 can't	 resist	 the	
urge	to	pull	out	their	hair.	They	may	pull	out	the	hair	on	their	head	or	in	other	places,	such	
as	their	eyebrows	or	eyelashes.	

	
• Alopecia-	is	an	autoimmune	disorder	that	causes	your	hair	to	come	out,	often	in	clumps	the	

size	and	shape	of	a	quarter.	It	develops	when	your	immune	system	attacks	your	hair	follicles.	
This	 may	 be	triggered	 by	 stress,	 and	 it	 can	 result	 in	hair	 loss.	 The	 amount	 of	hair	 loss	 is	
different	in	everyone.	Some	people	lose	it	only	in	a	few	spots.	

	
• Seborrheic	dermatitis-	Seborrhoeic	dermatitis	is	a	condition	that	makes	your	skin	red,	flaky	

and	itchy.	It	affects	areas	of	your	skin	that	tend	to	be	greasier	–	for	example,	your	face,	scalp	
and	centre	of	your	chest.	It's	also	known	as	seborrhoeic	eczema.	

	
• Hypotrichosis-	 A	 rare	 condition	 in	 which	 there	 is	 little	 or	 no	 hair	 growth	 on	 the	 head,	

including	the	brows	above	the	eyes	and	the	edge	of	the	eyelids,	or	other	areas	of	the	body	
where	hair	normally	grows.	

	
PATHOLOGIES	OF	THE	NAIL	
	

• Leuconychia	 –	 It	 is	 commonly	 thought	 that	 this	 condition	 is	 due	 to	 a	 calcium	 deficiency,	
however	this	is	a	myth.	Small	white	spots	are	groups	of	whitish	nail	cells	trapped	inside	the	
nail	plate.	These	spots	are	caused	by	minor	trauma	to	the	Matrix	e.g.	front	hitting	your	nail	
off	a	door	etc.	
	

• Hangnail	 -	Usually	caused	by	minor	 injury	or	constant	 irritation	 through	biting.	The	cuticle	
splits	and	appears	as	a	small	spike	or	hard	nail	growing	alongside	the	nail	plate.	Dry	cuticles	
or	 careless	 cutting	 away	 of	 cuticles	 can	 also	 cause	 this	 condition.	 Hot	 oil	 manicures	 and	
regular	use	of	cuticle	oil	will	help.	The	spike	can	be	clipped	so	it	does	not	catch	on	things.		

• Paronychia	 -	An	 infectious	 and	 inflammatory	 condition	 of	 nail	 folds.	 Infection	 is	 bacterial.	
Chronic	 paronychia	 may	 weaken	 defences	 and	 increases	 the	 risk	 of	 developing	 a	 fungal	
infection	of	the	nail	or	may	permanently	deform	the	nail	plate.		

• Onychorrhexis	 -	 Split	 or	 brittle	 nails.	 Caused	 by	 injury	 to	 the	 finger	 or	 exposure	 to	 harsh	
chemicals		

• Onycholysis	 -	 Most	 commonly	 associated	 with	 external	 trauma	 to	 the	 nail.	 Nail	 plate	
separates	from	the	nail	bed.		Can	also	be	associated	with	an	internal	disorder.		

• Transverse	 ridges	 –	Otherwise	 known	as	Beau’s	 Lines.	 Single	 horizontal	 ridge	 caused	by	 a	
severe,	short	term	illness,	such	as	a	heart	attack,	measles,	etc.	
	

• Vertical	 ridges	 -	Multiple	 shallow/	 deep	 ridges	 due	 to	 illness	 or	 injury,	 excessive	 dieting,	
incorrect	removal	of	nail	enhancements,	pregnancy,	or	harsh	detergents/chemicals.	

• Tinea	unguium	-	An	infectious	fungal	disease	mainly	seen	as	white	spots	that	can	be	scraped	
off	the	surface,	or	 long	yellowish	streaks	within	the	nail	substance.	The	disease	attacks	the	
free	edge	and	moves	its	way	to	the	matrix.	The	infected	portion	is	thick	and	discoloured.		

• Pitting	 -	Nail	 pitting	may	 show	 up	 as	 shallow	 or	 deep	 holes	 in	 your	 nails.	 The	 pitting	 can	
happen	 on	 your	 fingernails	 or	 your	 toenails.	 This	 can	 be	 caused	 by	 skin	 conditions	 like	
psoriasis	or	eczema.	
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LESS	COMMON	PATHOLOGIES	
	

• Bromidrosis/osmidrosis	 -	Bromhidrosis	is	 foul-smelling	 body	 odour	 related	 to	 your	 sweat.	
Perspiration	 itself	 actually	 has	 no	odour.	 It's	 only	when	 sweat	 encounters	 bacteria	 on	 the	
skin	 that	 a	 smell	 can	emerge.	Other	 than	body	odour	 (BO),	bromhidrosis	is	 also	 known	by	
other	clinical	terms,	including	osmidrosis	

• Anhidrosis	-	 is	the	inability	to	sweat	normally.	When	you	don't	sweat	(perspire),	your	body	
can't	cool	itself,	which	can	lead	to	overheating	and	sometimes	to	heatstroke	—	a	potentially	
fatal	condition.	Anhidrosis	—	sometimes	called	hypohidrosis	—	can	be	difficult	to	diagnose.	

• Hyperhidrosis	 -	 is	 a	 common	 condition	 in	 which	 a	 person	 sweats	 excessively.	
The	sweating	may	affect	the	whole	of	your	body,	or	it	may	only	affect	certain	areas.	

	
• Scleroderma-	an	autoimmune	disease	which	causes	the	skin	to	become	inflamed,	thickened	

and	hard,	and	will	prevent	treatment		
• Systemic	lupus	erythematosus-	Lupus	is	a	condition	that	affects	the	immune	system.	It	can	

cause	problems	with	your	skin,	joints,	kidneys	and	other	organs.	
Symptoms	of	lupus	include	joint	pain,	extreme	tiredness	and	a	rash	on	your	face.	
There's	currently	no	cure	for	lupus,	but	the	symptoms	can	often	be	treated	with	medicines	
that	reduce	inflammation	in	your	body,	such	as	steroids.	
Lupus	is	caused	by	your	immune	system	mistakenly	attacking	healthy	parts	of	your	body.	It's	
not	fully	understood	why	this	happens.	

	
• Malignant	tumours	–	Cancerous	tumours	

	
• Burns	 –	 A	burn	is	 damage	 to	 your	 body's	 tissues	 caused	 by	 heat,	 chemicals,	 electricity,	

sunlight,	or	radiation.	Scalds	from	hot	liquids	and	steam,	building	fires	and	flammable	liquids	
and	 gases	 are	 the	 most	 common	 causes	 of	burns.	 Another	 kind	 is	 an	 inhalation	 injury,	
caused	by	breathing	smoke.	
Burns	 are	 classified	 as	 first-,	 second-,	 third	 degree,	 or	 fourth-degree	 depending	 on	 how	
deeply	and	severely	they	penetrate	the	skin's	surface.		
	

• First-degree	 (superficial)	 burns.	First-degree	 burns	 affect	 only	 the	 outer	 layer	 of	 skin,	 the	
epidermis.	 The	 burn	 site	 is	 red,	 painful,	 dry,	 and	 with	 no	 blisters.	 Mild	 sunburn	 is	 an	
example.	Long-term	tissue	damage	 is	 rare	and	often	consists	of	an	 increase	or	decrease	 in	
the	skin	colour.	

• Second-degree	 (partial	 thickness)	 burns.	 Second-degree	 burns	 involve	 the	 epidermis	 and	
part	of	 the	 lower	 layer	of	 skin,	 the	dermis.	 The	burn	 site	 looks	 red,	blistered,	 and	may	be	
swollen	and	painful.		

• Third-degree	 (full	 thickness)	burns.	Third-degree	burns	destroy	 the	epidermis	and	dermis.	
They	may	go	 into	 the	 innermost	 layer	of	 skin,	 the	 subcutaneous	 tissue.	The	burn	site	may	
look	white	or	blackened	and	charred.		

• Fourth-degree	burns.	Fourth-degree	burns	go	through	both	layers	of	the	skin	and	underlying	
tissue	as	well	as	deeper	tissue,	possibly	involving	muscle	and	bone.	There	is	no	feeling	in	the	
area	since	the	nerve	endings	are	destroyed.	

	
• Pressure	sores/bed	sores	-		

Pressure	 ulcers	(also	 known	 as	pressure	 sores	or	bedsores)	 are	 injuries	 to	 the	 skin	 and	
underlying	 tissue,	primarily	caused	by	prolonged	pressure	on	 the	skin.	They	can	happen	 to	
anyone,	but	usually	affect	people	confined	to	bed	or	who	sit	in	a	chair	or	wheelchair	for	long	
periods	of	time.	
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SKELETAL	SYSTEM	
	
Osteology	is	the	study	of	the	bones	and	joints,	which	make	up	the	skeletal	system.		
Bones	are	the	hardest	connective	tissue	
	
The	Skeleton	 is	 a	hard	 framework	of	206	bones	 that	 supports	 the	body,	provides	attachments	 for	
muscles	for	joint	movement,	and	protects	the	organs	of	the	human	body.	It	is	divided	into	2	parts:	
	
1. Axial	Skeleton	includes	the	bony	framework	of	the	head,	neck	and	trunk	
	
2. Appendicular	Skeleton	forms	the	framework	for	the	limbs,		
Shoulders	and	hips	(appendages)	
	

				Axial	Skeleton					 	 	 	 Appendicular	Skeleton	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
Classification	of	Bones	
Bones	are	classified	by	shape;	there	are	five	main	types:	
Long	bones								 long	shaft	and	2	wider	ends	e.g.	humerus,	femur,	clavicle,	tibia,	fibula,	ulna,	

radius,	metacarpals,	metatarsals	and	phalanges.	They	act	as	levers	to	enable	
the	body	to	move.	

Short	bones		 Strong,	 usually	 cube	 shaped,	 give	 strength	 rather	 than	 movement	 e.g.	
carpals,	 tarsals;	 contain	 mostly	 spongy	 bone.	 The	 outside	 surface	 is	
comprised	of	a	 thin	 layer	of	compact	bone.	Short	bones	are	 located	 in	 the	
hands	(wrists)	and	feet	(ankles).		
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Flat	bones		 e.g.	 Occipital,	 parietal,	 frontal,	 nasal,	 vomer,	 lacrimal	 (all	 of	 these	 are	
bones	 of	 the	 cranium/skull),	 sternum,	 scapula,	 innominate	 bones	 (pelvis).	
Smooth,	 flat	 and	 slightly	 curved	 to	 protect	 organs.	 They	 have	 a	 broad	 flat	
surface	for	muscle	attachment.	

Irregular	bones		 these	 are	 bones	 that	 do	 not	 fit	 any	 other	 categories.	Where	 strength	 is	
needed	e.g.	 vertebrae	 including	 the	 sacrum	and	coccyx,	maxilla,	mandible,	
ethmoid,	palatine,	sphenoid,	zygomatic	and	temporal	(bones	of	the	face).	

Sesamoid		 Bones	with	tendons.	Small	bones	called	sesamoid	bones	are	found	attached	
only	by	tendons	and	are	therefore,	floating.		They	help	movement	over	bone	
surfaces	e.g.	the	patella	and	hyoid.		

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
Functions	of	the	Skeleton	
	
• Provides	a	framework	and	supports	the	weight	of	the	whole	body	
• Protects	major	and	delicate	organs	
• Acts	as	a	framework	for	the	attachment	of	muscles	to	provide	movement	
• Provides	a	store	of	minerals,	calcium	and	phosphorus	
• Produces	red	blood	cells	(erythrocytes)	from	red	bone	marrow.	The	cells	grow	and	develop	in	

the	marrow	and	when	mature	enter	the	blood	stream	
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• Provides	 a	 store	of	 fat	 for	 energy	 in	 yellow	bone	
marrow	

• Forms	 joints,	 which	 are	 essential	 for	 the	
movement	of	the	body	

	
2	Types	of	bone	cells:	Osteoblasts	and	Osteoclasts		

• Osteoblasts:	build	bone	produce	osteocytes.	
• Osteoclasts:	 destroy	 bone	 e.g.	 forming	 the	

medullary	 canals	 of	 long	 bone,	 shape	 and	
remodel	 bones	 during	 development	 and	
repair.	

	
	
	
2	Types	of	Bone	Tissue	
	
	
Compact	bone:	

• Hard	dense	bone	that	forms	the	outer	layer	of	
all	 bones	 provides	 strength,	 support	 and	
protection	

• Appears	 as	 solid	 structure	 with	 definite	
patterns	 called	Haversian	 Systems	 consisting	
of	Central	haversian	canals	with	minute	arterioles,	venules,	lymphatic	capillaries	and	nerves	
	

	
Cancellous	Bone:	

• Sponge	like	appearance		
• Haversian	canals	are	much	larger	giving	the	honeycomb	appearance	
• Filled	with	red	bone	marrow,	which	produces	red	blood	cells.	
• Cancellous	bone	makes	bones	lighter	
• It	is	found	at	the	end	of	long	bones	and	the	centre	of	irregular,	flat	and	sesamoid	bones.	

	
	
Cancellous	
	
	
	
	
Compact	
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Development	of	Long	Bone	
Long	bones	are	those	that	are	longer	than	they	are	wide	

• Long	Bones	develop	from	rods	of	cartilage	
• Other	Bones	develop	from	membranes	
• Sesamoid	Bone	develops	from	tendon	

	
• Long	bones	develop	by	destruction	of	cartilage	and	its	replacement	by	bone	tissue	
• Ossification’	by	action	of	osteoblasts	appears	in	the	middle	of	rods	of	cartilage	
• This	 spreads	 upwards	 and	 downwards	 –	 the	 tissue	 being	 replaced	 by	 bone	 forming	 the	

diaphysis	
• Calcification	takes	place	with	the	deposition	of	mineral	salts,	mainly	calcium	phosphate	
• The	 centre	 of	 the	 bone	 (shaft)	 is	 now	 ossified	 and	 the	 periosteum	 is	 formed	 around	 the	

outside.		
• After	 birth,	 the	 secondary	 centre	 of	 ossification	 appears	 and	 forms	 the	 epiphysis	 at	 the	

extremities	of	the	bone.	Length	of	a	bone	increases	from	the	epiphyseal	plate.	
• Ossification	is	completed	by	the	25th	year	

Bone	growth	in	length	is	stimulated	by	the	production	of	growth	hormone	(GH),	a	secretion	of	the	
anterior	lobe	of	the	pituitary	gland.	

	Long	Bones 	
	

• Have	a	shaft	(diaphysis)	and	two	extremities	(epiphysis)	
• Diaphysis	is	composed	of	compact	bone	with	central	hollow	cavity	known	as	the	medullary	

cavity	
• Cavity	contains	yellow	bone	marrow	and	adipose	tissue	(fat).	
• The	epiphysis	is	the	rounded	end	of	a	long	bone.	
• Contains	red	bone	marrow	forming	blood	cells		
• The	 epiphysis	 is	 covered	 with	 articular	 or	 hyaline	 cartilage.	 Hyaline	 cartilage	 firm	

consistency,	but	of	considerable	elasticity	and	pearly	bluish	colour.	
• Periosteum	forms	the	outer	protective	covering	giving	attachment	to	tendons.	Blood	vessels	

pass	through	to	give	bone	its	blood	supply.	Contains	bone-forming	cells	–	osteoblasts.	
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Bones	of	the	Axial	Skeleton	
Vertebral	Column		
	Consists	of	33	bones.	
•The	 vertebrae	 are	 separated	 by	 intervertebral	 discs	 of	
fibro	cartilage,	which	act	as	shock	absorbers.	
•	Bones	and	discs	are	bound	together	by	strong	ligaments	
		Some	of	these	bones	are	moveable	and	others	are	fused		
Spine	 has	 2	 naturally	 developed	 curves	 –	 Cervical	 and	
Lumbar	
	
Functions	of	the	Vertebral	Column	
Protects	the	spinal	cord	
Gives	support	
Provides	movement	of	the	torso	
Nerves	leave	through	holes	in	the	sides	of	each	vertebra.	
	
Regions	of	the	Vertebral	Column	
•	Cervical	(7	vertebrae)	Atlas	and	Axis	provide	attachment	
for	the	skull	
•	Thoracic	(12)	pairs.		
•	Lumbar	(5)	
•	Sacral	(5)	
•	Coccyx	(4)	

	

	
	

	
The	Rib	Cage		

• 12	pairs	of	ribs,	which	articulate	from	the	thoracic	vertebrae.	
• 7	Classes	as	true	or	fixed	ribs	because	they	attach	directly	on	to	the	sternum	by	cartilage.		
• 3	pairs	classed	false	because	they	attach	to	the	bottom	of	the	cartilage	of	the	7th	rib.		
• The	last	2	pairs	do	not	attach	onto	the	sternum	in	any	way	and	are	said	to	be	floating	ribs	
• The	sternum	is	made	of	3	parts:	

The	 Manubrium	 at	 the	 top,	 The	 Body	 of	 the	 Sternum	 and,	 at	 the	 bottom,	 the	 Xyphoid	
Process.	
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The	skull	is	made	up	of	22	bones	
	
	8	cranial	(head)	bones:		
1	frontal,	2	parietal,	1	occipital,	2	temporal,	1	sphenoid,	1	ethmoid	
	
14	facial	bones:	
2	zygomatic,	2	maxillae,	1	mandible,	2	lacrimal,	1	vomer,	2	palatine,	
2	nasal,	2	turbinate	(turbinator),	1	hyoid	bone.	
The	fibrous	fixed	joints	of	the	skull	are	called	sutures.	
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Bones	of	the	Appendicular	Skeleton	
	
Bones	of	the	Shoulder	Girdle:	

• Clavicle		
• Scapula		
• Humerus		
	

Bones	of	the	Lower	Arm	and	Hand:	
• Radius		
• Ulna		
• 8	 Carpals	 (Scaphoid,	 Lunate,	

Triquetral,	 Pisiform,	 Trapezium,	
Trapezoid,	Capitate,	Hamate)		

• 5	Metacarpals	
• 14	Phalanges		

	
Bones	of	the	Pelvic	Girdle:	

• Innominate	bones		
Ø Ilium	
Ø Ischium	
Ø Pubis	

	
Bones	of	the	Leg:	

• Femur		
• Patella	
• Tibia	
• Fibula		
• 7	 Tarsals	 (Talus,	 Calcaneus,	

Navicular,	 3	 Cuneiforms	 -	 medial,	
intermediate	and	lateral,	-	Cuboid)	

• 5	Metatarsals	
• 14	Phalanges		

	
Arches	of	the	Feet	
	
The	 foot	 has	 three	 arches:	 two	longitudinal	(medial	 and	 lateral)	 arches	 and	one	anterior	
transverse	arch.	They	are	 formed	by	 the	 tarsal	 and	metatarsal	bones,	and	 supported	by	 ligaments	
and	tendons	in	the	foot.	
	Their	 shape	 allows	 them	 to	 act	 in	 the	 same	way	 as	 a	spring,	 bearing	 the	weight	 of	 the	body	 and	
absorbing	 the	 shock	 produced	 during	 locomotion.	 The	 flexibility	 conferred	to	 the	 foot	 by	 these	
arches	facilitates	functions	such	as	walking	and	running.	
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Classification	of	Joints	
	
A	joint	is	where	two	or	more	bones	join	or	articulate.	
There	are	THREE	main	types	of	joints	in	the	body:	
	

(a) Fibrous	 Joints	 –	 fixed	 or	 immovable,	 tight	 fit	 joints,	 held	 together	 by	 fibrous	 tissue;	 e.g.	
sutures	of	the	skull.	
	

(b) Cartilaginous	Joints	–	slightly	moveable,	joined	by	a	disc	of	cartilage;	
• Connected	entirely	by	cartilage	(fibrocartilage	or	hyaline).	
• Allow	 more	 movement	 between	 bones	 than	 a	 fibrous	 joint	 E.g.:	 manubrium	 and	 the	

sternum.		
	

(c) Synovial	freely	moveable	joints	–	most	numerous	in	the	body.	There	are	SIX	different	types:	
	
	

Joint	 Example	 Movement	

Ball	and	Socket	 Shoulder	and	Hip	Joint	

	
Flexion,	extension,	adduction,	
abduction,	rotation	
circumduction	
	

Hinge	 Elbow,	knee,	phalanges	
	
Flexion	and	extension	
	

Pivot	
	
Atlas	and	Axis,	Radio-ulnar	
	

Rotation	
	

Gliding/plane	 Clavicle	and	Sternum,	Carpals,	Tarsals	

	
Gliding	joints	allow	the	bones	
to	glide	past	one	another	in	
any	direction	along	the	plane	
of	the	joint	—	up	and	down,	
left	and	right,	and	diagonally.	
	

	
	
Condyloid	
	

Joints	between	the	metacarpals	and	
phalanges	

	
Flexion,	extension								
adduction,	abduction,	
circumduction	
	

Saddle	 Between	the	wrist	and	metacarpal	of	
the	thumb	

	
Flexion,	extension,	adduction,	
abduction,	circumduction	
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Movement	of	the	Joints	
	
Extension	-		 movement	of	a	joint	that	results	in	increased	angle	between	two	bones	at	a	joint.	
Flexion	-		 a	position	that	is	made	possible	by	the	joint	angle	decreasing.	
Adduction	-	 movement	that	brings	a	part	of	the	anatomy	closer	to	the	sagittal	plane	of	the	body.		
Abduction	-		 movement	that	draws	a	limb	away	from	the	median	(Sagittal)	plane	of	the	body.		
Supination	-	 position	of	forearm	when	the	palm	faces	anteriorly,	or	faces	up		
Pronation	-			 a	rotational	movement	of	the	forearm	at	the	radio-ulnar	joint.	
Eversion-		 is	the	movement	of	the	sole	of	the	foot	away	from	the	midline		
Inversion-		 is	the	movement	of	the	sole	towards	the	midline	
Dorsiflexion-		 Point	toes	up		
Plantar	flexion-	point	toes	down	to	the	ground	
Circumduction-	Full	circular	movement	in	a	synovial	joint		
Rotation-		 rotation	on	a	single	axis	e.g.	rotation	of	the	head	
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Characteristics	of	Synovial	Joint	
	
Hyaline	Cartilage	–	found	at	the	end	of	Long	Bones.	This	tissue	provided	a	smooth	articular	surface,	
strong	enough	to	bare	weight	of	the	body	e.g.	ankle	joint.	
	
Capsular	Ligament	–	Surround	the	joint	and	enclosed	by	a	sleeve	of	fibrous	tissue,	which	joins	bones	
together	
	
Synovial	Membrane	–	Composed	of	 secretory	 epithelial	 cells.	 Secrete	 a	 thick	 sticky	 fluid	with	 the	
consistency	similar	to	egg	white	–	acts	as	lubricant	and	provides	nutrients.	Little	sacs	of	synovial	fluid	
act	as	cushions	to	prevent	friction	between	bones,	ligaments	and	tendons	
	
Ligaments	
Consist	of	strong	bands	of	fibrous	connective	tissue	that	hold	bones	together	at	joints.	
	
Tendons	
Consist	of	strong	white	fibrous	bands	that	attach	muscle	to	bone.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
PATHOLOGIES	
	

• Fractures		
Bones	 are	 rigid,	 but	 they	 do	 bend	 or	 "give"	 somewhat	 when	 an	 outside	 force	 is	 applied.	
However,	if	the	force	is	too	great,	the	bones	will	break,	just	as	a	plastic	ruler	breaks	when	it	
is	bent	too	far.	
	
Common	types	of	fractures	include:	
Ø  Stable	fracture.	The	broken	ends	of	the	bone	line	up	and	are	barely	out	of	place.	
Ø  Open,	 compound	 fracture.	The	 skin	 may	 be	 pierced	 by	 the	 bone	 or	 by	 a	 blow	 that	

breaks	 the	skin	at	 the	time	of	 the	 fracture.	The	bone	may	or	may	not	be	visible	 in	 the	
wound.	

Ø  Transverse	fracture.	This	type	of	fracture	has	a	horizontal	fracture	line.	
Ø  Oblique	fracture.	This	type	of	fracture	has	an	angled	pattern.	
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Ø  Comminuted	 fracture.	In	 this	 type	 of	 fracture,	 the	 bone	 shatters	 into	 three	 or	 more	
pieces.	

	
• Osteoarthritis	 is	 a	 condition	 that	 causes	 joints	 to	 become	 painful	 and	 stiff.	 It's	 the	 most	

common	type	of	arthritis	in	the	UK.	
	

• Rheumatoid	arthritis	is	a	long-term	condition	that	causes	pain,	swelling	and	stiffness	in	the	
joints.	The	condition	usually	affects	the	hands,	feet	and	wrists.	
	

• 	Gout	is	a	form	of	arthritis	caused	by	excess	uric	acid	in	the	bloodstream.	The	symptoms	of	
gout	are	due	to	the	formation	of	uric	acid	crystals	 in	the	joints	and	the	body's	response	to	
them.	Gout	most	classically	affects	the	joint	in	the	base	of	the	big	toe.	

	
• Osteoporosis	weak,	brittle	bones	due	to	the	changing	levels	of	oestrogen	and	progesterone.	

	
• Stress	-	When	we	are	stressed,	our	bodies	release	a	“stress	hormone”	called	cortisol,	which	

causes	havoc	on	our	system.	To	help	bring	our	bodies	back	in	balance,	our	system	releases	
calcium	 from	our	 bones	 and	 teeth	 –	 similar	 to	 how	antacids	 neutralize	 stomach	 acid.	 The	
calcium	helps	neutralize	the	ph	balance	of	the	cortisol,	helping	restore	our	bodies	to	neutral.	
Each	 time	 we	 do	 this	 we	 deplete	 calcium	 stores	 from	 our	 bones.	 When	 stress	 becomes	
chronic,	 our	 diets	 cannot	 replace	 the	 calcium	 depletion	 fast	 enough	 so	 our	 bones	 are	
constantly	being	leached	of	calcium,	leading	to	potentially	more	porous	bones,	brittle	bones	
and	osteoporosis.	

	
• Spinal	Injuries	

Ø Whiplash	 is	a	neck	 injury	caused	by	sudden	movement	of	 the	head.	 It	usually	gets	
better	within	2	to	3	months.	

Ø Disc	 Prolapse	 also	 known	 as	 a	 slipped	 disc,	 fibro	 cartilage	 disc	 protrudes	 from	
between	the	vertebrae.	This	presses	on	a	nerve	causing	pain.	

	
• Postural	Defects	

Ø Kyphosis:	 to	 much	 curve	 in	 the	 thoracic	 spine	 (the	 top	 of	 the	 S,	 between	 the	
shoulders)	

Ø Lordosis:	too	much	curve	in	the	lumbar	(lower)	spine.	The	lower	part	of	the	S,	at	the	
lower	back)	

Ø Kypho-lordosis:	both	of	the	above	
Ø Scoliosis:	The	spine	 is	curved	to	the	side	–	a	 lateral	bend	rather	than	straight	from	

neck	to	hip	
	

• Foot	Problems	
Ø Bunions	
Ø Hammer	toe	
Ø Plantar	fasciitis		

	
Artificial	joints:	These	can	be	in	place	due	to	damage	from	injury	or	a	disease	like	arthritis.	Artificial	
joints	can	be	a	partial	or	total	replacement.	They	may	include	metal.	
Systemic	lupus	erythematosus:	see	page	43	
	
Synovitis:	 Inflammation	 (swelling,	 pain,	 and	warmth)	 of	 a	synovial	membrane,	which	 is	 a	 layer	 of	
connective	tissue	that	lines	a	joint,	such	as	the	hip,	knee,	ankle,	or	shoulder.	Synovitis	 is	caused	by	
some	types	of	arthritis	and	other	diseases.	
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Rickets:	 is	a	condition	that	affects	bone	development	in	children.	It	causes	bone	pain,	poor	growth	
and	soft,	weak	bones	that	can	lead	to	bone	deformities.	Adults	can	experience	a	similar	condition,	
which	is	known	as	osteomalacia	or	soft	bones.	
	
Ankylosing	Spondylitis:	(AS)	is	a	long-term	condition	in	which	the	spine	and	other	areas	of	the	body	
become	inflamed.	AS	tends	to	first	develop	in	teenagers	and	young	adults.	 It's	also	around	2	times	
more	common	in	men	than	in	women.	
	
Spondylosis:	 is	age-related	change	of	 the	bones	 (vertebrae)	and	discs	of	 the	spine.	These	changes	
are	 often	 called	 degenerative	 disc	 disease	 and	 osteoarthritis.	 These	 changes	 don't	 always	 cause	
symptoms.	But	they	are	a	common	cause	of	spine	problems	that	can	range	from	mild	to	severe.	
	
Paget’s	 Disease:	 of	 bone	 disrupts	 the	 normal	 cycle	 of	 bone	 renewal,	 causing	 bones	 to	 become	
weakened	 and	 possibly	 deformed.	 It's	 a	 fairly	 common	 condition	 in	 the	 UK,	 particularly	 in	 older	
people.	It's	rare	in	people	under	50	years	of	age.	
	
Osteomalacia:	Refers	to	a	marked	softening	of	your	bones,	most	often	caused	by	severe	vitamin	D	
deficiency.	The	softened	bones	of	children	and	young	adults	with	osteomalacia	can	 lead	to	bowing	
during	growth,	especially	in	weight-bearing	bones	of	the	legs.	Osteomalacia	in	older	adults	can	lead	
to	fractures.	
	
Osteogenesi	 Imperfect:	 (OI)	 is	 a	 group	 of	 rare	 disorders	 affecting	 the	 connective	 tissue	 and	
characterized	by	extremely	fragile	bones	that	break	or	fracture	easily	(brittle	bones),	often	without	
apparent	cause.	
	
Cervical	Stenosis:	 is	the	narrowing	of	the	spinal	canal	in	the	neck.	The	spinal	canal	is	the	open	area	
in	 the	 bones	 (vertebrae)	 that	make	 up	 the	spinal	column.	 The	spinal	cord	 is	 a	 collection	 of	 nerves	
that	runs	through	the	spinal	canal	from	the	base	of	the	brain	to	the	lower	back.	
	
	

	
	
	
	
	
	
	
	

SUMMARY	
The	Skeletal	System:	

Ø Is	composed	of	bones	and	joints,	which	form	the	axial	and	appendicular	skeleton.	
Ø It	 protects	 and	 supports	 the	 body,	 allows	 movement,	 produces	 red	 blood	 cells	 in	 red	

bone	marrow,	stores	calcium	and	phosphorus	and	provides	attachments	for	muscles.	
Ø The	Skeleton	 is	 susceptible	 to	breakages	and	postural	deformities	caused	by	congenital	

or	even	environmental	factors	
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The	Muscular	System	
	
The	muscular	system	comprises	the	muscles	of	the	body	and	their	
attachments-	tendons	and	fascia.	When	muscle	fibres	contract	the	
muscles	change	shape	and	move	whichever	part	of	the	body	they	
are	 attached	 to.	 This	 can	 be	 a	 voluntary	 (conscious)	 movement	
such	 as	 lifting	 an	 arm	 or	 an	 involuntary	 movement	 such	 as	
shivering	or	peristalsis.	
	
What	is	a	Muscle?	
A	 muscle	 is	 a	 group	 of	 specialised,	 elastic	 tissues.	 More	 of	 the	
human	 body	 is	made	 of	muscle	 than	 any	 other	 tissue:	 23%	 of	 a	
woman’s	body	weight	and	about	40%	of	a	man’s.	
	
Structure	

• Muscle	tissue	is	bound	together	in	bundles	and	contained	
in	a	 sheath	 (sometimes	called	a	 fascia),	 the	end	of	which	
extends	 to	 form	 a	 tendon	 that	 attached	 the	 muscle	 to	
other	parts	of	the	body.		

	
• Muscle	 is	 75%	water,	 20%proteins,	 5%	 fats,	mineral	 salts	

and	glycogen.	
	
Function	of	Muscle	

• To	 contract	 and	 therefore	 produce	 movement	 in	 the	
surrounding	 structures	 (tendons,	 ligaments	 and	
eventually	bones).	

• Maintains	body	posture	
• The	muscle	contracts	 in	reaction	to	a	nerve	stimulus	sent	

by	 the	 brain	 through	 a	 motor	 nerve.	 The	 muscle	 then	
shortens	becoming	fatter	at	the	centre.	

• Attached	to	bone	to	produce	movement	
• Give	shape	to	the	body	
• Aids	flow	of	blood	and	lymph	
• Stores	glycogen	(a	form	of	sugar)	
• Produce	heat	

	
	
What	does	Muscle	Look	Like?	
There	 are	 3	 types	 of	 muscular	 tissue,	 each	 with	 a	 different	
structure:	
	
1. Skeletal	Muscle		
(Voluntary	and	Striated)	

• Controlled	 by	 the	 Peripheral	 Nervous	 System	 PNS	 (The	
Cerebrum	&	cerebellum	in	the	CNS	signal	to	the	PNS)	

• Attached	to	bone	or	skin	by	tendons	
• Under	control	of	will.	(You	decide	if	you	wish	to	move)	
• Has	cylindrical	cells	known	as	muscle	fibres	
• Under	a	microscope	voluntary	muscle	looks	stripy.		
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• Actin	 (thin)	 and	 Myosin	 (thick)	 protein	
filaments,	which	 run	parallel	 across	 the	 fibres,	
form	 the	 stripes	 or	 striations	 and	 show	 well	
marked	 transverse	dark	 and	 light	bands.	Actin	
and	myosin	together	make	a	myofibril.	

	
• Where	 the	 actin	 and	 myosin	 cross	 a	 darker	

‘stripe’	is	created,	where	they	do	not	cross	the	
appearance	 is	 lighter.	 (This	 section	 of	 a	
myofibril	is	called	a	sarcomere)	

	
• When	the	muscle	contracts	the	actin	filaments	

slide	 between	 the	 myosin	 filaments,	 which	
causes	 a	 shortening	 and	 thickening	 of	 the	
fibres.		

	
• Each	muscle	fibre	has	several	nuclei	and	is	surrounded	by	a	fine	sheath	called	a	sarcolemma	

	
• The	Endomysium,	meaning	within	 the	muscle,	 is	a	wispy	 layer	of	areolar	connective	 tissue	

that	surrounds	each	individual	myocyte	(muscle	fibre,	or	muscle	cell).	“Endo”	means	inside.	
	

• A	 group	 of	 muscle	 fibres	 bundled	 together	 forming	 a	 unit	 is	 called	 a	 fascicle.	 They	 are	
surrounded	by	connective	tissue	called	perimysium.	“Peri”	means	around	or	about.	

	
• The	 bundles	 are	 held	 together	 and	 surrounded	 by	 white	 fibrous	 tissue	 known	 as	muscle	

fascia	(Epimysium)	“Epi”	means	above.	
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2. Involuntary		
(Smooth)	

• Controlled	by	the	Autonomic	Nervous	system	
• Involuntary	movement	in	smooth,	plain	or	visceral	muscle	
• Found	 within	 body	 organs,	 walls	 of	 blood	 and	 lymph	

vessels,	 digestive	 system,	 respiratory	 system,	 bladder	 and	
the	uterus.	These	muscles	work	automatically	whether	we	
want	them	to	or	not.	

• Cells	are	spindle	shaped	with	one	central	nucleus	
• Fibres	do	not	have	sarcolemma	
• Bundles	 of	 fibres	 are	 surrounded	 by	 areolar	 tissue	 to	 form	

sheets	of	muscle,	which	form	the	wall	of	the	organs.	
	
	
3. Cardiac		
(Looks	like	voluntary	muscle	but	behaves	like	smooth	muscle)		
	

• Found	only	in	the	heart	(cardiomyocytes)	
	

• Function	is	to	power	the	pumping	action	of	the	heart		
	

• Involuntary	muscle	tissue	
	

• Fibres	are	cylindrical	with	some	striations	and	nuclei	
	

• No	sarcolemma	
	

• Fibres	divide	and	join	other	fibres	
	

• Automatic	 rhythmical	 contraction	 independent	 of	
nerve	stimulus	

	
	
	
	

	
	
	

Smallest and Largest  
 
The smallest skeletal muscle (i.e. muscles attached to a bone) is the Stapedius in the 
ear. It activates the stapes, the stirrup- shaped bone in the middles ear, which sends 
vibrations from the eardrum to the inner ear. 
 
The largest muscle in the body is the Lattisimus Dorsi, the flat back muscle, which 
covers the central, and lower back. 
 
The strongest muscle in the body is the Gluteus Maximus, which forms the main bulk 
of the buttock. This muscle is responsible for lifting the torso after bending down or 
leaning over. 
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Terms	of	description	for	Muscles	
Origin-	The	origin	is	the	fixed	attachment	e.g.	bicep	in	the	shoulder.	
Insertion-	Where	the	muscle	inserts	and	this	moves	during	contraction	e.g.	bicep	into	the	forearm.	
Attachment-	where	the	muscle	attaches	to	bone	e.g.	the	origin	and	Insertion	
Belly-	bulging	middle	part	of	the	muscle.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
How	are	muscles	attached	to	the	Body?	
	
Tendons	
These	 are	 white	 fibrous	 cords	 (an	 extension	 of	 the	
Fascia)	with	no	elasticity,	which	are	of	different	 lengths	
and	thickness	and	are	very	strong.	They	have	few,	if	any,	
blood	vessels	of	nerves.	
	
Aponerosis	
A	 sheet	 of	 pearly	white	 fibrous	 tissue,	which	 takes	 the	
place	 of	 a	 tendon	 in	 sheet-like	 muscles	 having	 a	 wide	
area	 of	 attachment.	 E.g.	 muscles	 of	 the	 back	 and	
abdomen.	
	
Fascia	
White	fibrous	connective	tissue.	It	is	found	in	all	parts	of	
the	body,	in	different	lengths	and	thicknesses.	

• Superficial	Fascia-	beneath	the	skin.	Found	over	
almost	 the	 whole	 surface	 of	 the	 body.	 It	
facilitates	 the	movement	 of	 the	 skin,	 serves	 as	 a	 medium	 for	 the	 passage	 of	 nerves	 and	
blood	vessels,	helps	retain	body	warmth	and	connects	the	skin	with	deep	fascia.	

• Deep	Fascia-	dense,	 inelastic,	stiff	membrane,	which	forms	a	sheath	(covering)	for	muscles	
and	 broad	 surfaces	 for	 attachment.	 Made	 of	 shiny	 tendinous	 fibres	 it	 is	 thicker	 in	
unprotected	areas	and	assists	muscle	action	through	tension	and	pressure.	
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How	do	muscles	work?	
	
By	 Contraction:	 the	 fibres	 become	 shorter	 and	 thicker	 and	 the	 parts	 attached	 to	 the	 fibres	
(periosteum,	bone,	tendons	and	fascia)	are	pulled	by	the	contraction	and	move.	
	

	
• Muscles	 that	are	 responsible	 for	 skeletal	movements	have	an	origin	 (fixed	bone)	and	an	

insertion	(moveable	bone).		
	

• A	muscle	contracts	(shortens)	in	response	to	a	stimulus	from	a	motor	nerve.		
	

• Muscles	 of	 the	 body	 normally	work	 in	 pairs	 known	 as	 antagonist	 pairs.	 This	means	 that	
while	one	muscle	is	contracting,	the	other	muscle	in	the	pair	is	relaxing	in	order	to	produce	
movement	in	a	joint.	

	
• Skeletal	muscles	move	because	we	want	them	to.	They	are	under	the	control	of	will.	

	
• The	moving	muscle	 is	 the	agonist	 and	 the	muscle	 that	 keeps	 it	 in	 check	 is	 the	antagonist	

(example,	 when	 flexing	 the	 forearms,	 the	 biceps	 are	 the	 agonists	 and	 the	 triceps	 are	 the	
antagonists).		

	
• Synergist:		The	synergist	in	a	movement	is	the	muscle(s)	that	stabilises	a	joint	around	which	

movement	 is	 occurring,	 which	 in	 turn	 helps	 the	 agonist	 function	 effectively.		 Synergist	
muscles	also	help	to	create	the	movement.		 In	the	bicep	curl	the	synergist	muscles	are	the	
brachioradialis	and	brachialis,	which	assist	the	biceps	to	create	the	movement	and	stabilise	
the	elbow	joint.	

	
• The	fixator	 in	a	movement	is	the	muscle(s)	that	stabilises	the	origin	of	the	agonist	and	the	

joint	 that	 the	 origin	 spans	 (moves	 over)	 in	 order	 to	 help	 the	 agonist	 function	 most	
effectively.		In	the	bicep	curl	this	would	be	the	rotator	cuff	muscles.		The	majority	of	fixator	
muscles	are	found	working	around	the	hip	and	shoulder	joints.	

	
• Skeletal	muscles	are	never	completely	at	rest,	but	in	slight	tension,	known	as	muscle	tone.		
• Muscles	tend	to	suffer	injury	rather	than	disease	generally	and	are	capable	of	self	repair			
• If	 a	 muscle	 is	 partially	 destroyed	 the	 remaining	 part	 will	 grow	 larger	 and	 stronger	 to	

compensate	
• If	a	muscle	loses	its	nerve	supply,	it	will	atrophy	and	lose	around	two-thirds	of	its	bulk	within	

a	few	months	
• An	increase	of	muscle	fibre	diameter	is	called	hypertrophy.		
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There	are	2	types	of	Contraction:	
Isometric	(contraction	without	movement)	
As	the	muscle	contracts,	its	length	remains	the	same	whilst	the	tension	increases	in	an	attempt	to	
overcome	 the	opposing	 force,	e.g.	pushing	against	an	object	 that	 is	 too	heavy	 to	move	 (such	as	a	
wall)	or	holding	a	glass	of	water	still	in	front	of	you.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
Isotonic	(contraction	with	full	range	of	movement)	
	
As	 the	muscle	 contracts,	 its	 length	 changes	whilst	 the	 tension	 remains	 constant	 or	 develops	 to	
overcome	the	opposing	force,	pushing	an	object	over	or	 lifting	a	glass	of	water	to	your	mouth	and	
lowering	 it	back	to	the	table.	 Isotonic	eccentric	contraction	–	 this	 involves	the	muscle	 lengthening	
whilst	it	is	under	tension.	The	origin	and	the	insertion	move	further	away	from	each	other.		Isotonic	
concentric	contraction	–	this	involves	the	muscle	shortening.	The	origin	and	insertion	of	the	muscle	
move	closer	together	and	the	muscle	becomes	fatter.	
	
How	does	a	muscle	know	when	to	contract?	
The	stimulus	to	contract	comes	from	the	nervous	system	through	the	nerves.	A	motor	unit	is	made	
up	 of	 a	motor	neuron	 and	 the	 skeletal	 muscle	 fibres	 innervated	 by	 that	motor	neuron's	 axonal	
terminals.	 Groups	 of	motor	 units	often	 work	 together	 to	 coordinate	 the	 contractions	 of	 a	 single	
muscle.	
Motor	nerves	enter	the	muscles	and	break	 into	many	nerve	endings,	each	one	stimulating	a	single	
muscle	 fibre.	The	Sodium/potassium	pump	 is	 responsible	 for	 the	 transmission	of	a	nerve	 impulse.	
Nerve	impulses	are	electrochemical	events.	
	
Stages	of	Contraction	
Contraction-	Voluntary	muscles	contract	as	a	result	of	messages	from	the	central	nervous	system	
Relaxation-	Muscle	is	not	working	(at	rest)	



 
 

61 

Muscle	Tone-	State	of	slight	tension	of	muscle	fibres	when	not	in	use	which	enables	them	to	react	
more	 swiftly	 to	 a	 stimulus.	 In	 normal	 healthy	 muscles	 there	 will	 always	 be	 a	 few	 muscle	 fibres	
contracting	at	any	one	time,	even	during	sleep.	This	action	gives	normal	posture	to	the	body.		
What	is	a	motor	point?	

1. A	point	at	which	a	motor	nerve	enters	a	muscle.	
2. Any	 point	 on	 the	 skin	 over	 a	muscle	 at	which	 electrical	 stimulation	 (via	 electrode)	 causes	

contraction	of	the	muscle.	
	
	
Chemistry	of	Muscle	Contraction	

• Stimulus	is	supplied	by	motor	nerves	
• Motor	point	is	found	in	the	belly	of	the	muscle	where	the	nerve	enters	the	muscle.	
• Energy	for	muscle	contraction	comes	from	glucose.	
• 	Obtained	by	using	oxygen	to	breakdown	carbohydrates.		
• After	contraction,	lactic	acid	is	formed.	
• Oxygen	converts	lactic	acid	into	carbon	dioxide	and	water,	which	is	then	excreted.	
• Sudden	and	excessive	exercise	causes	build	up	of	lactic	acid	due	to	lack	of	oxygen.		
• This	is	over	contraction	and	causes	pain	and	discomfort	and	is	known	as	muscle	fatigue	and	

can	cause	muscle	tension.	
• Rest	and	a	fresh	blood	supply	are	required	to	overcome	this.	
• The	strength	of	the	contraction	depends	on	how	many	fibres	contract	at	the	same	time	

	
	

Anaerobic respiration (during exercise or exertion)  
When we are not taking in enough oxygen to fuel our muscles 
Anaerobic respiration is a type of respiration that does not use oxygen. It is used when 
there is not enough oxygen for aerobic respiration.  
It can be summarised by the following equation: 
 
Glucose → lactic acid (+ energy released) 
 
This type of respiration may be used when a predator is chasing an animal. 
 
Aerobic Respiration (taking in enough oxygen to supply fuel for our muscles to 
complete everyday tasks) 
Respiration is not the same thing as breathing. Breathing is more properly called 
ventilation. Instead, respiration is a chemical process in which energy is released from 
food substances, such as glucose - a sugar. 
 
Aerobic respiration needs oxygen to work. Most of the chemical reactions involved in 
the process happen in tiny objects inside the cell cytoplasm, called mitochondria. 
 
This is the equation for aerobic respiration: 
Glucose + oxygen → carbon dioxide + water (+ energy) 
 
The energy released by respiration is used to make large molecules from smaller 
ones. In plants, for example, sugars, nitrates and other nutrients are converted into 
amino acids. Amino acids can then join together to make proteins. The energy is also 
used: 
To allow muscles to contract in animals 
To maintain a constant body temperature in birds and mammals 
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Diseases	/	Disorders	
	

• Fibrositis–	inflammation	of	soft	tissue	
	

• Atony	-	a	condition	in	which	a	muscle	has	lost	its	strength.	
	

• Cramp	–	localised	painful	contraction	of	one	of	more	muscles.		
	

• Atrophy–	wasting	of	any	part	of	the	body	due	to	degeneration	of	the	cells	from	disease	or	
lack	of	nourishment	

	
• Myositis–	inflammation	of	a	muscle	

	
• Muscular	 Fatigue:	 Muscle	 fatigue	 is	 a	 symptom	 that	 decreases	 your	 muscles’	 ability	 to	

perform	over	time.	It	can	be	associated	with	a	state	of	exhaustion,	often	following	strenuous	
activity	 or	 exercise.	 When	 you	 experience	 fatigue,	 the	 force	 behind	 your	 muscles’	
movements	decrease,	causing	you	to	feel	weaker.	

	
• Muscle	 Strain:	 is	 an	 injury	 to	 a	muscle	or	 a	 tendon	 —	 the	 fibrous	 tissue	 that	

connects	muscles	to	 bones.	 Working	 a	 muscle	 beyond	 its	 normal	 capacity,	 which	 may	
stretch	or	tear	the	muscle	tissue.	It	can	result	in	pain,	limitation	of	mobility	and/or	swelling.	

	
• Rupture	 -	This	means	either	 the	 tendon	 is	 separated	 from	 the	muscle	belly	 or	 the	muscle	

belly	is	actually	torn	in	2	parts.	Severe	swelling	and	pain	and	a	complete	loss	of	function	are	
characteristic	 for	 this	 type	of	 strain.	This	 is	 seen	most	 frequently	at	 the	musculotendinous	
junction.	

	
• Fibromyalgia:	 Fibromyalgia	 is	 a	 condition	 that	 causes	 widespread	 pain	 and	 extreme	

tiredness.	Symptoms	of	fibromyalgia	vary	from	person	to	person.	The	main	symptom	is	pain	
all	over	your	body.	

	
• Spasticity:	 is	 abnormal	 muscle	 tightness	 due	 to	 prolonged	 muscle	 contraction.	 It	 is	 a	

symptom	associated	with	damage	to	the	brain,	spinal	cord	or	motor	nerves,	and	is	seen	in	
individuals	with	neurological	conditions,	such	as:	Cerebral	palsy	(CP)	Multiple	sclerosis	(MS)	

	
• Spasm-	spasms	occur	when	a	muscle	involuntary	and	forcibly	contracts	and	cannot	relax.	

	
• Sprain-	an	injury	to	the	ligaments	caused	by	a	stretch	beyond	the	normal	muscle	capacity.	It	

can	also	result	in	pain,	limitation	of	mobility	and/or	swelling.	
	

• Stress	 -	 When	 the	 body	 is	 stressed,	 muscles	 tense	 up.	 Muscle	 tension	 is	 almost	 a	 reflex	
reaction	to	stress—the	body’s	way	of	guarding	against	injury	and	pain.	
With	sudden	onset	stress,	 the	muscles	tense	up	all	at	once,	and	then	release	their	tension	
when	the	stress	passes.	Chronic	stress	causes	the	muscles	in	the	body	to	be	in	a	more	or	less	
constant	state	of	guardedness.	When	muscles	are	 taut	and	tense	 for	 long	periods	of	 time,	
this	may	trigger	other	reactions	of	the	body	and	even	promote	stress-related	disorders.	
For	 example,	 both	 tension-type	 headache	 and	 migraine	 headache	 are	 associated	 with	
chronic	muscle	tension	in	the	area	of	the	shoulders,	neck	and	head.	Musculoskeletal	pain	in	
the	low	back	and	upper	extremities	has	also	been	linked	to	stress,	especially	job	stress.	
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MUSCLES	OF	THE	SCALP	AND	FACE	AND	NECK	
	

MUSCLE	 POSITION	 ACTION	
FRONTALIS	 Covering	the	forehead	 Wrinkles	 the	 forehead	 and	 raises	 the	

eyebrows	
OCCIPITALIS		 Covering	the	back	of	the	skull	 Moves	the	scalp	and	up	and	back	
CORRUGATOR	(Supercilii)		 Thick	muscle	on	the	inner	corner	

of	the	eyebrows	
Draws	 the	 eyebrows	 together,	 creating	
vertical	wrinkles	in	between	the	eyebrows	

ORBICULARIS	OCULI	 Sphincter	 muscle	 surrounding	
the	eye	

Closes	the	eyes	e.g.	squinting	

PROCERUS	 Between	 the	 eyebrows	 and	
across	the	bridge	of	the	nose	

Draws	 brows	 down;	 wrinkles	 bridge	 of	
nose	

NASALIS	 Covers	the	nose	 Flares	the	nostrils	
ORBICULARIS	ORIS	 Sphincter	 muscle	 surrounding	

the	eye	
Purses	the	lips	

LEVATOR	LABII	SUPERIORIS	 Above	the	upper	lip	 Raises	both	nostrils	and	upper	lip	
DEPRESSOR	LABII	INFERIORIS	 Below	lower	lip	 Pulls	lower	lip	down	or	to	side	
MENTALIS	 Covering	the	chin	 The	 mentalis	 muscle	depresses	 the	 lower	

lip	and	wrinkles	the	skin	of	the	chin.	

RISORIUS	 In	the	hollow	of	the	cheeks	 Helps	when	whistling	and	blowing.	
Compresses	the	cheek	against	the	teeth.	

LEVATOR	ANGULI	ORIS	 Above	corners	of	mouth	 Raises	angle	of	the	mouth	(snarling)	
DEPRESSOR	ANGULI	ORIS		
(TRIANGULARIS)	

Below	corners	of	mouth	 Draws	corners	of	mouth	down	(sadness)	

ZYGOMATICUS	 Covering	the	cheek	bone	 Muscle	contracts	to	create	a	smile	

BUCCINATOR	

	

In	 the	hollow	of	 the	 cheeks	next	
to	the	Risorius	

Pulls	 the	 cheek	 inwards	 (sucking	 in)	
against	the	teeth,	preventing	accumulation	
of	food	in	that	area	

TEMPORALIS	 Covering	the	sides	of	the	skull	 Moves	the	mandible	up,	back,	and	side-to-
side.	

PTERYGOIDS	 infratemporal	fossa	of	the	skull	
	

Elevates	mandible,	closes	jaw,	helps	lateral	
pterygoids	 in	moving	 the	 jaw	 from	 side	 to	
side	

MASSETER	 Muscle	covering	the	outer	corner	
of	 the	 jaw	up	to	 the	 front	of	 the	
ear.	

Main	muscle	 of	massitcation.	 Elevates	 the	
mandible,	raising	the	lower	jaw.	

PLATYSMA	
	

Side	of	neck	and	chin		 Depresses	the	jaw	&	lip,	as	in	an	expression	
of	horror	&	fear	

STERNO-CLEIDO-MASTOID	 Sides	of	neck	 Moves	head	side	to	side	&	flexes	head	
TRAPEZIUS	
	

Down	 the	back	of	 neck	onto	 the	
shoulders	

Lifts	clavicle	&	rotates	Scapula	upwards	

	
MUSCLES	OF	BACK	
	

MUSCLE	 POSITION	 ACTION	
DELTOID	 Caps	 top	 of	 shoulder	 &	 upper	

arm	
Takes	arm	away	from	body	(Abduction)	

SPLENIUS	CAPITIS	 Back	of	neck	under	trapezius	 Extend,	rotate,	and	laterally	flex	the	head	
TRAPEZIUS	 Down	 the	back	of	 neck	onto	 the	 Lifts	clavicle	&	rotates	Scapula	upwards	
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	 shoulders	
ERRECTOR	SPINAE	
	

Group	of	3	Deep	muscles	on	each	
side	of	vertebral	column	

Extend	 spine,	 inclination	 of	 head	
backwards.	

LATISSIMUS	DORSI	 Large	flat	muscle	over	lower	back	 Draws	 shoulder	 downwards	 and	
backwards,	adducts	arms,	inward	rotation	

QUADRATUS	LUMBORUM	 Deep.	Medially,	on	the	lower	part	
of	back	

Flexes	spine	laterally	

TERES	MAJOR	 Deep	muscle.	Side	of	scapula	and	
upper	arm	

Internal	rotation	of	the	humerus	

TERES	MINOR	(rotator	cuff)	 Deep.	Lateral	edge	of	scapula		 Externally	rotates	the	arm	
INFRASPINATUS	(rotator	cuff)	 Covering	the	scapula	 Externally	 rotates	 the	 humerus	 and	

stabilize	the	shoulder	joint.	
SUPRAPINATUS	(rotator	cuff)	 Deep	under	deltoid.	 Abducts	the	shoulder	
SUBSCAPULARIS	(rotator	cuff)	 Deep	sub	scapula	(underneath)	 Medially	rotates	the	arm	
LEVATOR	SCAPULAE	
	

Deep.	 Underneath	 the	 trapezius	
running	 from	 the	 side	 of	 the	
cervical	 down	 to	 the	 superior	
boarder	of	the	scapula	

Elevates	the	scapula	as	if	to	raise	your	arm	
up	in	the	air.	

RHOMBOIDS	MAJOR	&	MINOR		
	

Deep.	 Underneath	 the	 trapezius	
between	 the	 spine	 and	 the	
medial	boarder	of	the	scapula.	

Keeps	the	scapula	pressed	against	thoracic	
wall	and	to	retract	 the	scapula	toward	the	
vertebral	 column	 e.g.	 pulling	 shoulders	
back.	

	
MUSCLES	OF	RESPIRATION	
	

MUSCLE	 POSITION	 ACTION	
DIAPHRAGM	
	
	

Dome	 shaped	between	Thorax	&	
Abdomen	

Muscle	of	respiration	

INTERCOSTALS	
	

Lies	between	the	ribs	
	

Draws	 ribs	 up	 &	 down,	 in/out.	 Aids	
respiration	

	
CHEST	AND	ABDOMINAL	MUSCLES	
	

MUSCLE	 POSITION	 ACTION	
PECTORALIS	MAJOR	
PECTORALIS	MINOR	(deeper)	

Chest	muscle,	supports	mammary	
glands	

Brings	arms	into	chest	

SERRATUS	ANTERIOR	 Sides	of	ribcage	below	armpits	 Draws	 Scapula	 forwards	 &	 rotates	 it	
upwards.		Used	in	pushing	movements	

EXTERNAL	OBLIQUE	
	
	
INTERNAL	OBLIQUE	

Extends	 laterally	 down	 the	 front	
of	abdomen.	
	
Lies	under	External	oblique	

When	 both	 used	 compresses	 Abdomen,	
one	 only	 twists	 trunk	 front	 of	 abdomen	
towards	opposite	side	

RECTUS	ABDOMINUS	
	
	

Front	of	Abdomen	 When	 both	 used	 flexes	 spine,	 bend	 trunk	
forward,	 draws	 front	 of	 pelvis	 upward,	
alone	 compresses	 Abdomen.	 Maintains	
posture	
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TRANSVERSUS	ABDOMINUS	 Deepest	abdominal	muscle	 Compresses	 abdomen	 as	 in	 forced	
expiration	

	
HIP	MUSCLES	
	

MUSCLE	 POSITION	 ACTION	
GLUTEUS	MAXIMUS	
	

Forms	prominence	of	buttocks	 Extends	thigh	laterally.	Used	in	running	and	
jumping.	

GLUTEUS	MEDIUS	 Beneath	Gluteus	Maximus	 Abducts	and	rotates	thigh	medially.	
Used	 in	 walking	 and	 running,	 also	
maintains	 balance	 when	 standing	 on	 one	
leg.	

GLUTEUS	MINIMUS	
	
	
	

Deep.	Beneath	Gluteus	Medius	 Abducts	and	rotates	thigh	medially.	
Used	 in	 walking	 and	 running,	 also	
maintains	 balance	 when	 standing	 on	 one	
leg	

ILIOPSOAS	
(Illiacus	and	psoas)	
	
	

Lumbar	 region	 from	 spine	 to	 rim	
of	pelvis	&	across	hip	joint	

Flexes	 and	 rotates	 thigh	 laterally	 &	 flexes	
spine	 when	 rising	 from	 a	 lying	 to	 sitting	
position.	

PIRIFORMIS	 Deep	in	the	buttocks	near	the	top	
of	the	hip	joint	

Stabilises	the	hip	joint	and	lifts	and	rotates	
the	thigh	away	from	the	body.	

	
MUSCLES	OF	THE	UPPER	LEG	
	

MUSCLE	 POSITION	 ACTION	
ADDUCTORS:	BREVIS,	
LONGUS	&	MAGNUS	

Inner	thigh	 Adduct,	rotate	&	flex	thigh	at	hip	

GRACILIS	
	

Near	 surface	 on	 inner	 side	 of	
thigh	

Adducts	thigh	&	flexes	leg	at	knee	

HAMSTRINGS	
SEMITENDINOSUS	
&	
SEMIMEMBRANOSUS	

Back	of	thigh	 Extend	thigh	&	flexes	leg	at	knee	

BICEPS	FERMORIS	
(part	of	Hamstrings)	

Posterior	(the	back)	thigh	 Extends	 femur,	 flexes	 knee,	 and	 laterally	
rotates	leg	if	knee	is	flexed.	

QUADRICEPS	 FEMORIS	 (Vastus	
lateralis,	 Medialis	 &	
Intermedius)	

	
Down	front	of	thigh	

	
Extend	leg	at	knee	

RECTUS	 FEMORIS	 (part	 of	
Quadriceps	femoris)	

Front	of	thigh	 Flexes	thigh	&	extends	leg	at	knee	

SARTORIUS	 Crosses	front	of	thigh	from	lateral	
to	medial	side	

Flexes	hip	and	knee	as	when	 sitting	 cross-
legged	

TENSOR	FASCIA	LATAE	 Outer	thigh	 Flexes	&	abducts	thigh	
	
MUSCLES	OF	THE	LOWER	LEG	
	

MUSCLE	 POSITION	 ACTION	
TIBIALIS	ANTERIOR	 Lateral	side	of	the	tibia	 Dorsiflexion	and	Inversion	of	the	foot	
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TIBIALIS	POSTERIOR	 Central	of	all	the	leg	muscles	 Inversion	of	the	foot,	plantar	flexion	of	the	
foot	at	the	ankle	

GASTROCNEMIUS	
	

Back	of	lower	leg	 Plantar	flexes	foot	and	flexes	knee.	

PERONEUS	LONGUS	 Down	 outer	 lower	 leg	 beneath	
foot	

Everts	foot	
Supports	arch		

PERONEUS	BREVIS	 Originates	in	lower	third	of	fibula	 Bends	foot	down	and	out	
FLEXOR	DIGITORUM	LONGUS	
	
	
FLEXOR	HALLUCIS	LONGUS	

Back	of	lower	leg	 Plantar	flexes	foot	
Flexes	toes	and	inverts	foot.	
	
Plantar	flexes	foot	
Flexes	big	toe	

SOLEUS	
	

Back	 of	 lower	 leg	 under	
gastrocnemius	

Flexes	foot	at	ankle	

EXTENSOR	DIGITORUM	LONGUS	 Deep	 on	 the	 front	 of	 the	 lower	
leg	 connecting	 to	 the	 rest	 of	 the	
toes	

Extends	the	toes	

EXTENSOR	HALLUCIS	LONGUS	 Deep	 on	 the	 front	 of	 the	 lower	
leg	connecting	to	the	big	toe	

Dorsi	flexes	foot	
Extends	big	toe	

ACHILLES	TENDON	 Largest	tendon	in	the	body	found	
at	the	back	of	the	lower	leg	

joins	muscles	and	heel	bone		
	

	
MUSCLES	OF	THE	ARM	
	

MUSCLE	 POSITION	 ACTION	
BICEPS	
	

Has	two	heads	front	of	Humerus	 Flexes	&	supinates	forearm	

TRICEPS	
	

Back	of	the	upper	arm	 Extends	arm	at	the	elbow	

CORACOBRACHIALIS	 Deep.	 Connected	 to	 the	 scapula	
and	humerus	

Flexes	and	adducts	the	arm	

MUSCLES	 OF	 THE	 THENAR	
EMMINENCE	
	
MUSCLES	OF	THE	HYPOTHENAR	
EMMINENCE	

	
	
PALM	OF	THE	HAND	

Opposes	 the	 thumb,	 by	 medially	 rotating	
and	 flexing	 the	 metacarpal	 on	 the	
trapezium.	
Movements	 of	 the	 little	 finger;	flexion,	
abduction,	lateral	rotation.	

BRACHIALIS	 Upper	arm	 Flexion	at	elbow	joint	
BRACHIORADIALIS	 Close	 to	 the	 elbow	 on	 the	

forearm	
Supinates	the	forearm	

PRONATOR	TERES	 Forearm	 Pronation	of	forearm,	flexes	elbow	
SUPINATOR	RADII	BREVIS	 Proximal	part	of	the	forearm	 Supinates	the	forearm	
FLEXOR	CARPI	DIGITORUM	 Forearm	and	palm	of	HANDS	 Flexes	the	fingers	making	a	fist	
FLEXOR	CARPI	RADIALIS	 Forearm	 Flexion	and	abduction	at	wrist	
FLEXOR	CARPI	ULNARIS	 Forearm	 Flexion	of	wrist	
EXTENSOR	CARPI	DIGITORUM	 Forearm	and	back	of	HANDS	 Extends	the	fingers	
EXTENSOR	CARPI	ULNARIS	 Forearm	 Extend	and	adducts	the	wrist.	
EXTENSOR	CARPI	RADIALIS	 Forearm	 Extends	the	wrist	
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MUSCLES	OF	THE	FACE	
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The	Nervous	System 	
The	nervous	system	is	the	control	and	communication	centre	
of	the	body.		
Its	 function	 is	 to	 process	 and	 gather	 information,	 detect	
stimuli	and	respond	to	the	stimuli.	
There	are	2	parts:	

1. The	Central	Nervous	System	(CNS)-	composed	of	the	
brain	and	spinal	cord.	

2. The	Peripheral	Nervous	System	(PNS)-	composed	of	
the	cranial	and	spinal	nerves.	
	
	

The	brain	 is	 the	main	unit	and	 it	 is	 connected	 to	 the	 rest	of	
the	 body	 by	 nerve	 cells,	 which	 function	 as	 messengers,	
carrying	information	to,	and	instructions	from	the	brain.	They	
receive	 information	 from	 external	 and	 internal.	 They	 report	
back	 on	 pain,	 sensation	 and	 danger	 so	 that	 the	 body	 can	
respond	 and	 remain	 in	 what	 is	 known	 as	 Homeostasis:	 a	
stable	physiological	state.	It	works	with	the	endocrine	system	
to	 maintain	 body	 balance.	 Stores	 information,	 sensations,	
thinking,	 associations,	 memory	 AND	 it	 acts	 upon	 them	 by	
sending	messages	to	muscles,	glands	and	Organs.	
	
	
	
	
What	Is	the	Nervous	System	Made	Of?	
Nervous	tissue,	which	is	composed	of:	

• Nerve	cells,	known	as	neurons,	with	attached	fibres	which	transmit	nerve	impulses	
	
	
	
What	is	a	Neuron?	
Nerve	cells	are	the	basic	unit	of	the	system	on	which	everything	else	is	built.	Like	all	cells,	they	have	
a	 membrane	 containing	 a	 nucleus	 and	 a	 cytoplasm	 but	 they	 have	 a	 particular	 shape:	 Long	 and	
Narrow.	Some	are	very	long	(up	to	a	metre).	
Toxins	 and	 lack	 of	 oxygen	 easily	 damage	 nerve	 cells.	 Unlike	 other	 cells	 in	 the	 body,	 they	 are	 not	
usually	replaced	when	they	die;	however,	current	research	suggests	that	some	may	have	the	ability	
to	regenerate	(PNS).	
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CELL	BODY	
This	is	the	centre	of	the	neuron,	with	a	nucleus,	cytoplasm	and	organelles	such	as	Mitochondria.	
	
DENDRITES	
Nerve	 fibres,	 like	 branches,	 which	 transmit	 nerve	 impulses	 to	 the	 cell	 body;	 most	 neurons	 have	
several	dendrites.	
	
AXON	
A	long	singe	nerve	fibre,	which	transmits	nerve	impulses	away	from	the	cell	body;	neurons	generally	
have	one	axon.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
MYELIN	SHEATH	
Made	of	a	white,	fatty	substance,	this	sheath	covers	the	axon.	It	insulates	the	axon,	protects	it	from	
pressure	and	helps	speed	up	nerve	conduction	(the	speed	at	which	messages	are	transmitted).	
	
NEURILEMMA	
A	fine,	delicate	membrane	which	surrounds	the	myelin	sheath	and	helps	regenerate	nerve	cells;	only	
found	in	the	peripheral	nerves	and	not	the	brain	or	spinal	cord.	
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NODES	OF	RANVIER	
These	are	gaps	in	the	myelin	sheath	along	the	nerve.	They	speed	up	the	passage	of	nerve	impulses	
along	the	fibre.	
	
END	FEET/	AXON	TERMINALS	
The	 end	 of	 the	 fibrils	 (tiny	 fibres)	 that	make	 the	 axon	 are	 expanded	 and	 called	 end	 feet	 or	 axon	
terminals.	They	pass	on	the	axon	impulse	to	the	dendrites	of	the	next	neuron.	
	
SYNAPSE	
The	point	where	one	neuron	meets	another	(a	gap).	A	chemical	messenger	fills	the	gap	between	one	
neuron	and	the	next,	and	enables	the	impulse	to	be	transmitted.		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
What	is	the	function	of	a	Nerve	Cell?	
Nerve	cells	act	 like	links	in	a	chain,	 like	relay	runners,	each	one	passing	the	‘baton’	(information	or	
instruction)	to	the	next	until	it	reaches	the	brain	or	part	of	the	body	in	question.		
The	axon	end	feet	of	one	cell	are	close	to	the	dendrites	of	the	next	but	they	don’t	actually	touch.	The	
‘baton’	of	nerve	impulses	jumps	across	the	synapse	(gap)	via	neuro-transmitters,	chemicals	released	
by	the	nerve	endings.	
Individual	 neurons	 have	 the	 same	 function	 throughout	 the	 body,	 to	 transmit	 information,	 but	
collectively	 they	 make	 up	 five	 different	 types	 of	 nerves	 and	 nervous	 tissue,	 which	 have	 specific	
functions:	

1. MOTOR	OR	EFFERENT	NERVES	(efferent	nerves	exit	the	brain)	
Carry	 impulses	 from	 the	 brain	 or	 spinal	 cord	 to	muscles	 or	 glands,	which	 then	 act	 on	 the	
information/instruction,	producing	movement	or	secretion.	

2. SENSORY	OR	AFFERENT	NERVES	(afferent	nerves	arrive	at	the	brain)	
Carry	impulses	from	all	parts	of	the	body	to	the	brain.	
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Types	of	Nerves		
MIXED	
Carry	both	motor	and	sensory	nerve	fibres.	The	only	place	mixed	nerves	are	found	in	the	body	is	the	
brain	and	spinal	cord	as	cranial	and	spinal	nerves.	
	
WHITE	MATTER		
On	the	inside	of	the	brain	and	the	outside	of	the	spinal	cord;	this	is	made	of	bundles	of	myelinated	
nerve	 fibres	 (i.e.	with	a	 sheath)	White	matter	 is	made	of	 axons	 connecting	different	parts	of	 grey	
matter	to	each	other.	
	
GREY	MATTER	
On	 the	 outside	 of	 the	 brain	 and	 inside	 of	 the	 spinal	 cord-	 this	 is	 made	 of	 cell	 bodies	 and	
unmyelinated	axons	and	dendrites.	Grey	matter,	which	has	a	pinkish-grey	color	 in	 the	 living	brain,	
contains	the	cell	bodies,	dendrites	and	axon	terminals	of	neurons,	so	it	is	where	all	synapses	are.		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
What	is	a	Nerve	Impulse?	
Nerve	 cells	 transmit	 and	 receive	 impulses	 throughout	 the	 body.	 Impulses	 do	 not	 continually	 run	
along	 each	nerve	but	 are	 created	 in	 response	 to	 internal	 or	 external	 stimuli-	 including	 changes	 in	
temperature,	pressure	or	chemicals.	
	
Positively	 charged	 sodium	 and	
potassium	 ions	 are	 present	 inside	
and	 outside	 the	 cell.	 In	 a	 resting	
axon,	 the	 concentration	 of	 sodium	
ions	 is	 lower	 inside	 the	cell	 than	 in	
the	 tissue	 fluid	 outside,	 but	 the	
concentration	 of	 potassium	 ions	 is	
higher	 inside	 than	 outside.	 This	 is	
maintained	 by	 differences	 in	
membrane	 permeability	 to	 these	
ions,	 and	 the	 sodium-potassium	
pump.	The	overall	result	 is	that	the	
inside	 of	 the	 cell	 has	 a	 more	
negative	 charge	 than	 the	 outside.	
(Chlorine	 is	 negative	 and	 found	
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inside	the	cell.)	
Stimuli	 are	 detected	 by	 sensory	 receptors.	 The	 axon	 membrane	 becomes	 temporarily	 more	
permeable	 to	 sodium	 ions,	 which	 rush	 in,	 making	 the	 inside	 of	 the	 cell	 more	 positive	
(depolarisation).		
This	electrochemical	charge	continues	in	waves	along	the	length	of	the	nerve	cell-	a	nerve	impulse.	
After	it	has	passed	the	resting	state	is	restored	(repolarisation).	
	
	
How	do	nerve	cells	communicate?	
Nerve	impulses	only	travel	in	one	direction.	So	the	movement	of	nerve	impulses	in	a	single	neuron	
is	as	follows:	the	impulse	crosses	the	synapse	from	the	end	feet	of	cell	A	into	the	dendrites	of	cell	B.	
The	impulse	travels	from	the	dendrites	to	the	cell	body	and	then	out	again	along	the	axon	to	cell	B’s	
end	 feet.	 It	 then	 jumps	 across	 the	 synapse,	 helped	 by	 the	 chemical	 messengers.	 This	 process	
continues	until	the	impulse	reaches	either	the	brain	or	the	muscle/organ	concerned.		
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The	Brain		
The	brain	is	the	organ	that	fills	the	cranium	(skull).	It	stops	developing	in	the	15th	year	of	life.	It	is	the	
main	mass	exercising	control	over	the	body	and	mind	and	it	has	three	different	sections:	

Ø The	Cerebrum	(also	known	as	the	cerebral	hemispheres)	
Ø The	Cerebellum	
Ø The	Brain	Stem	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
The	Cerebrum	

• This	 is	 the	 largest	part	of	 the	brain	and	 is	divided	 into	2	cerebral	hemispheres,	one	on	the	
right	and	one	on	the	left.	The	outer	layer	is	made	of	folds	of	grey	matter	(i.e.	cell	bodies).	

• The	 folds	 increase	 the	brain’s	 surface	 area	 and	 thus	 the	number	of	 cell	 bodies.	 Inside	 the	
grey	matter	 is	white	matter	 (i.e.	 nerve	 fibres).	 These	 fibres	 connect	 different	 parts	 of	 the	
brain	together.	
	

Functions:	
• Controlling	voluntary	muscle	movement	
• Interpreting	sensations	like	pain,	heat	and	cold	
• Memory,	intelligence,	reasoning,	moral	sense	and	sense	of	responsibility.	
• Controls	sleep	metabolism	and	body	temperature.	
• Thinking	and	mental	activities	

	
The	Cerebellum	

• The	cerebellum	is	also	known	as	the	‘small	brain’.	It	also	contains	of	two	hemispheres,	grey	
matter	on	the	surface	and	white	matter	within.	

Functions	
• Coordinating	and	controlling	muscle	movement	ensuring	they	are	smooth	and	precise.	
• Controlling	and	maintaining	muscle	tone	
• Maintaining	balance,	equilibrium	and	posture	of	the	body		

	
Thalamus	
Situated	below	the	cerebral	cortex	and	above	the	hypothalamus.	It	relays	sensory	and	motor	signals	
to	the	cerebral	cortex,	and	regulates	consciousness,	sleep,	and	alertness.	
It	acts	as	a	relay	station,	gathering	sense	information	of	all	kinds	(except	olfactory)	and	passes	it	on	
to	the	cerebral	cortex.	
There	are	action	systems	for	several	types	of	behaviour,	including	eating,	drinking,	and	defecation.		
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Hypothalamus	
Situated	deep	within	the	cerebrum	at	the	top	of	the	brainstem	with	the	pituitary	gland	attached	to	
its	base.	
	
Functions	

• Helps	with	the	regulations	of	body	temperature,	water	balance	and	metabolism,	maintaining	
homeostasis.	

• It	 also	 regulates	 the	pituitary	 gland	 thereby	 forming	 the	main	 link	between	 the	nervous	
and	endocrine	systems.		

• It	secretes	oxytocin	and	Antidiuretic	Hormone	(ADH)	for	storage	in	the	posterior	pituitary.	
	
	
	
The	Brain	Stem	
The	Brain	Stem	consists	of	3	parts:	

• The	Midbrain	
• Pons	Varolii	
• Medulla	Oblongata	

	
Midbrain	
Function	
The	 relay	 station	 of	 the	 brain	 transmitting	
messages	 to	 and	 from	 the	 spinal	 cord,	 the	
cerebrum	and	the	cerebellum.	
	
Pons	Varolii	
Structure	
Situated	in	front	of	the	cerebellum,	below	the	midbrain	and	above	the	medulla	oblongata.	It	consists	
of	nerve	fibres,	which	bridge	the	gap	between	the	2	hemispheres	of	the	cerebellum.	
Function	
Like	the	midbrain,	transmits	messages	to	and	from	the	spinal	cord.		
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Medulla	Oblongata	
Structure	

• Lowest	part	of	the	brain	stem,	situated	above	the	spinal	cord	and	below	the	pons	Varolii.	Its	
construction	 is	 different	 from	 the	 cerebrum	 and	 cerebellum	 with	 white	 matter	 on	 the	
surface	and	grey	matter	in	the	centre.		

• It	 is	 known	 as	 a	 vital	 centre	 because	 it	 controls	 the	 actions	 of	 the	 heart	 and	 lungs	
(respectively	the	centres	of	the	vascular	and	respiratory	systems).	It	has	4	centres:	
	

Function	
Cardiac	Centre-	controls	rate	and	force	of	heart	contraction	
Respiratory	Centre-	controls	rate	and	depth	of	breathing	
Vasomotor	Centre-	controls	constriction	and	dilation	of	blood	vessels	
Reflex	Centre-	responds	to	irritants	thus	controls	vomiting,	coughing,	sneezing	and	swallowing.	
	
	
	
The	Spinal	Cord	
The	 Spinal	 Cord	 is	 the	 other	 main	 part	 of	 the	 central	
nervous	system.	It	has	white	matter	on	the	surface	and	
grey	matter	in	the	centre.		
	
Structure:	 The	 Spinal	 Cord	 extends	 from	 the	 medulla	
oblongata	 through	 the	 spinal	 vertebrae	 ending	 at	 the	
first	lumbar	vertebra.	It	consists	of	white	matter	on	the	
surface	 and	 grey	 matter	 inside	 branching	 off	 into	 31	
pairs	of	spinal	nerves.	
Function:	 the	 spinal	 cord	 carries	 motor	 and	 sensory	
nerve	 fibres	 along	 its	 length,	 sending	messages	 to	 and	
from	the	body	and	brain.	
	
	
	
	
	
	
	
The	Meninges	
	
The	Meninges	are	membranes,	which	protect	the	whole	of	the	central	nervous	system.	There	are	3	
different	layers:	
	
DURA	MATER	(Outer	membrane)-	A	double	layer	of	tough,	fibrous	membrane:	the	outer	layer	forms	
the	periosteum		(‘skin’)	of	the	skull	while	the	inner	 layer,	the	first	protective	covering	of	the	brain,	
continues	as	the	spinal	Dura	mater	as	far	down	as	the	sacrum.	
	
ARACHNOID	MATER-	Delicate	membrane	positioned	immediately	under	the	Dura	and	above	the	pia	
mater.	 It	 merges	 with	 the	 Dura	 mater	 and	 thus	 covers	 the	 spinal	 cord	 as	 far	 as	 the	 sacrum.	 It	
connects	to	the	sub-arachnoid	space,	situated	between	the	arachnoid	mater	and	the	pia	mater	and	
is	filled	with	cerebrospinal	fluid.	
	



 
 

78 

PIA	MATER	 (Inner	most	membrane)-	A	 thin,	 vascular	membrane,	which	 closely	 covers	 the	 brain,	
dipping	 into	 the	 various	 surface	 folds	 of	 the	 cerebrum	 and	 cerebellum,	 and	 continues	 along	 the	
length	of	the	spinal	cord.	It	supplies	blood	to	the	brain	and	spinal	cord.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
Ventricles	and	cerebrospinal	fluids	
There	are	 four	 cavities	 inside	 the	brain	 called	 ventricles,	 all	 containing	 cerebrospinal	 fluid.	 Two	of	
these	 ventricles	 lie	 laterally	 within	 the	 cerebrum,	 a	 third	 lies	 deep	 inside	 the	 brain	 whereas	 the	
fourth,	also	deep	inside	the	brain,	opens	into	the	sub-arachnoid	space.	
	
Cerebrospinal	Fluid	
This	 is	 clear,	 colourless	 fluid,	 formed	 in	 special	
cells	 within	 choroid	 plexuses	 that	 are	 situated	 in	
the	 lining	 of	 the	 ventricles.	 It	 resembles	 blood	
plasma	 in	 composition,	 containing	 protein,	
glucose,	salts,	and	other	substances.	
It	 is	 secreted	 into	 the	 ventricles	 from	 where	 it	
circulates	around	the	whole	brain	and	spinal	cord	
and	is	then	reabsorbed	into	the	venous	sinuses	of	
the	body	through	the	arachnoid	mater.	
	
Functions	
• Protects	 the	 brain	 and	 spinal	 cord,	 forming	 a	

cushion	 between	 the	 bony	 cavities	 and	 the	
nerves	and	acting	as	a	shock	absorber.	

• Keeps	 the	 pressure	 around	 the	 brain	 and	
spinal	cord	constant.	

• Transports	nutrients	and	removes	waste	and	toxic	substances.	
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The	Peripheral	Nervous	System	
The	Peripheral	Nervous	System	concerns	all	of	the	nervous	system	outside	of	the	CNS	and	contains	
motor	and	sensory	nerves,	which	transmit	information	to	and	from	the	body	and	brain.	It	consists	of	
12	pairs	of	cranial	nerves	and	31	pairs	of	spinal	nerves.	
	
Cranial	 Nerves-	 Cranial	 nerves	 are	 divided	 into	 12	 pairs	 and	 include	 sensory,	 motor	 and	 mixed	
nerves.	
	
List	of	the	Cranial	Nerves		

1. I	Olfactory	(Smell)	Sensory	

2. II	Optic	(Sight)	Sensory	

3. III	Oculomotor	(Moves	eyelid	and	eyeball	and	adjusts	the	pupil	and	lens	of	the	eye)	Motor	

4. IV	Trochlear	(Moves	eyeballs)	Motor	

5. V	Trigeminal	(Facial	muscles	incl.	chewing;	Facial	sensations)	Mixed	

6. VI	Abducens	(Moves	eyeballs)	Motor	

7. VII	Facial	(Taste,	tears,	saliva,	facial	expressions)	Mixed	

8. VIII	Vestibulocochlear	(Auditory)	Sensory	

9. IX	Glossopharyngeal	(Swallowing,	saliva,	taste)	Mixed	

10. X	Vagus	(Control	of	PNS	e.g.	smooth	muscles	of	GI	tract)	Mixed	

11. XI	Accessory	(Moving	head	&	shoulders,	swallowing)	Motor	

12. XII	Hypoglossal	(Tongue	muscles	-	speech	&	swallowing)	Motor	
	
Spinal	Nerves		
	
These	nerves	begin	 in	 the	 spinal	 cord	 and	 supply	 all	 parts	 of	 the	body	not	 covered	by	 the	 cranial	
nerves.	They	are	all	mixed	nerves.	Spinal	nerves	are	divided	into	31	pairs:	

• Cervical:	8	pairs	
• Thoracic:	12	pairs	
• Lumbar:	5	pairs	
• Sacral	5	pairs	
• Coccygeal:	1	pair	

	
The	cervical	and	thoracic	nerves	are	named	after	 the	vertebrae	at	 the	 level	at	which	 they	exit	 the	
spinal	cord.	
The	 lumbar,	 sacral	 and	 coccygeal	 nerves	 leave	 the	 spinal	 cord	 at	 the	 level	 of	 the	 first	 lumbar	
vertebrae	 (Cauda	 Equina)	 and	 extend	 downwards	 inside	 the	 vertebral	 canal	 exiting	 the	 canal	 at	
different	levels	depending	on	their	destination.	
All	 spinal	 nerves	 except	 the	 2nd	 to	 12th	 thoracic	 nerves	 branch	 out	 and	 regroup	 to	 form	plexuses,	
which	supply	different	parts	of	the	body:		
	
The	Cervical	Plexus	
This	contains	the	first	 four	cervical	nerves	and	supplies	the	muscles	of	the	neck,	shoulder	and	skin	
and	includes	the	Phrenic	nerve	which	sends	nerve	impulses	to	the	Diaphragm	telling	it	to	contract.	
	
The	Brachial	Plexus	
This	group	includes	the	lower	4	cervical	nerves	and	the	1st	thoracic	nerve.	It	branches	out	to	supply	
the	muscles	from	the	base	of	the	neck	to	the	fingertips	and	skin.	
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The	Thoracic	(Intercostal)	Nerves	
The	 thoracic	 nerves	 supply	 the	 chest	
muscles	 and	 the	 main	 part	 of	 the	
abdominal	wall.	
	
The	Lumbar	Plexus	
This	 Group	 includes	 the	 first	 3	 lumbar	
nerves	and	part	of	 the	 fourth.	 It	 supplies	
the	 skin	 and	 muscles	 of	 the	 lower	
abdomen,	thighs	and	groin.	
	
The	Sacral	Plexus	
This	 includes	 the	 fourth	 and	 fifth	 lumbar	
nerves	 and	 first	 four	 sacral	 nerves.	 It	
supplies	 the	 muscles	 and	 skin	 of	 the	
pelvic	 area.	 The	main	nerve	 is	 the	 sciatic	
nerve,	 which	 supplies	 the	 hamstrings,	
before	 dividing	 above	 the	 knee	 into	 the	
tibial	 and	 common	 peroneal	 nerves	 to	
supply	the	lower	leg.	
	
The	Coccygeal	Plexus	
The	Coccygeal	group	forms	a	second	small	
plexus	 on	 the	 back	 of	 the	 pelvic	 cavity,	
supplying	 the	 muscles	 and	 skin	 of	 the	
pelvic	area	such	as	the	external	sphincter	
of	 the	anus,	 tissues	of	 the	perineum	and	
the	external	genitalia.	
	
	
A	 ganglion	 is	a	 collection	 of	 neuronal	 bodies	 found	 in	 the	 voluntary	 and	 autonomic	 branches	 of	
the	peripheral	nervous	system	(PNS).	Ganglia	can	be	thought	of	as	synaptic	relay	stations	between	
neurons.	The	information	enters	the	ganglia,	excites	the	neuron	in	the	ganglia	and	then	exits.	
	
	
The	Somatic	and	Autonomic	Nervous	System	
The	motor	 division	 of	 the	 peripheral	 nervous	 system	 is	 divided	 into	 somatic	 nervous	 system	 and	
autonomic	nervous	system.	
	
What	is	the	Somatic	Nervous	System?	
The	somatic	nervous	 system	conducts	 impulses	 from	the	CNS	 to	 the	skeletal	muscle	 fibres.	This	 is	
the	 voluntary	 branch	 of	 the	 PNS	 and	 allows	 conscious	 control	 over	 the	 contraction	 of	 skeletal	
muscles.	
	
What	is	the	Autonomic	Nervous	System?	
The	 Autonomic	 nervous	 system	 conducts	 impulses	 from	 the	 CNS	 to	 cardiac	 and	 smooth	muscles.	
This	 is	 an	 involuntary	 system	 controlled	 by	 the	 hypothalamus.	 Its	 nerves	 arise	 from	 the	Medulla	
Oblongata.	The	autonomic	nervous	system	is	further	divided	into	Sympathetic	and	Parasympathetic	
divisions.	 Every	 organ	 in	 the	 body	 has	 a	 sympathetic	 and	 parasympathetic	 nerve	 supply	with	 one	
division	generating	the	opposite	effect	to	the	other.	
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Sympathetic		
	
Structure	
Consists	of	nerves	 that	arise	 from	 the	 spinal	 cord	at	 the	 thoracic	and	 lumbar	 region,	 form	ganglia	
(bundles	of	nerve	fibres)	just	outside	the	CNS	and	then	extend	to	the	organ	or	tissue	they	supply.	
	
Function:	
Prepares	body	for	stressful	situations	such	as	excitement	or	physical	activity		(fight	or	flight	system).		
Neurones	release	acetylcholine	and	noradrenaline,	which	have	the	following	effects:		

• Accelerates	action	of	the	heart,	increasing	rate	and	force	of	contraction.		
• Vasodilation	of	coronary	arteries,	increasing	blood	supply	to	the	heart	muscle.	
• Vasodilation	 of	 vessels	 supplying	 skeletal	 muscles,	 increasing	 oxygen	 and	 nutrient	 supply	

and	waste	removal.	
• Causes	sustained	contraction	of	the	spleen,	thus	increasing	the	volume	of	blood	circulating.	
• Vasoconstriction	of	vessels	 that	supply	 the	digestive	and	urinary	systems,	 increasing	blood	

available	for	active	muscles	and	brain.	
• Dilation	of	bronchioles,	increasing	volume	of	air	that	can	be	inspired	and	expired.	

	
Parasympathetic	
	
Structure	
Consists	 of	 nerves	 that	 arise	 from	 the	 brain	 and	 sacral	 region	 of	 the	 spinal	 cord,	 form	 ganglia	
(bundles	of	nerve	fibres)	near	to	or	inside	the	organ	or	tissue	they	supply.	
	
Functions	
Predominant	system	in	non-stressful	situations	and	keeps	normal	body	functions	running	when	the	
body	is	at	rest.	Neurones	release	acetylcholine		

• Slows	action	of	the	heart,	decreasing	rate	and	force	of	contraction.		
• Vasoconstriction	of	coronary	arteries,	decreasing	blood	supply	to	the	heart	muscle.	
• Vasodilation	 of	 vessels	 supplying	 digestive	 and	 urinary	 systems	 with	 contraction	 of	 the	

bladder	 and	 rectal	 muscles,	 increasing	 digestion,	 nutrients	 absorption,	 micturition	 and	
defecation.	

• Constriction	of	the	bronchi,	decreasing	the	volume	of	air	inspired	and	expired.	
	



 
 

82 

	
	
	
	



 
 

83 

Reflexes	
A	 reflex	 is	 the	 automatic	 (i.e.	 not	 controlled	 by	 the	 brain)	 movement	 produced	 by	 a	 sensory	
stimulus.	It	is	instant	and	involuntary	e.g.	a	finger	touching	boiling	hot	water	will	immediately	move	
away.		
Several	structures	are	involved	in	the	production	of	a	reflex	and	together	they	constitute	the	reflex	
arc:	

• A	sense	organ,	like	the	skin	or	the	nerve	endings	in	muscles	and	tendons	
• A	sensory	nerve	travelling	from	the	sensory	organ	
• The	spinal	cord	
• A	motor	nerve	starting	in	the	spinal	cord	and	travelling	to	the	motor	organ.	

	
Function	
Reflexes	are	mostly	protective	and	designed	to	stimulate	the	quickest	motor	responses	(movements)	
possible.	They	are	reflexes	which	are	automatic	and	do	not	require	supervision,	like	the	secretion	of	
gastric	juices	when	food	reaches	the	stomach.	
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The	Olfactory	System	
	
This	system	serves	the	sense	of	smell	and	is	supplied	by	the	1st	cranial	nerve.		
The	 system	 consists	 of	 the	nose	and	 the	nasal	 cavities,	 which	 in	 their	 upper	 parts	 support	 the	
olfactory	 mucous	 membrane	 for	 the	 perception	 of	 smell	 and	 in	 their	 lower	 parts	 act	
as	respiratory	passages.	
	
The	process	of	smelling	is	as	follows:	

1. Odour	molecules	react	the	nostrils	and	dissolve	in	the	mucus	(which	is	on	the	roof	of	each	
nostril).	

2. Underneath	 the	mucus,	 in	 the	olfactory	epithelium,	olfactory	 receptor	neurons	detect	 the	
odour.	

3. The	olfactory	receptor	neurons	transmit	the	information	to	the	olfactory	bulbs	at	the	back	of	
the	nose.	

4. The	olfactory	bulbs	have	sensory	receptors	that	are	actually	part	of	the	brain.	
5. Centres	in	the	brain	perceive	these	odours	and	access	memories	to	remind	us	about	people,	

places,	or	events	associated	with	these	olfactory	sensations.	
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PATHOLOGIES	
	
Stress	 -	 is	 the	 body's	 reaction	 to	 feeling	 threatened	 or	 under	 pressure.	 It's	 very	 common,	 can	 be	
motivating	to	help	us	achieve	things	 in	our	daily	 life,	and	can	help	us	meet	the	demands	of	home,	
work	and	family	life.	

When	the	body	is	stressed,	the	sympathetic	nervous	system	(SNS)	contributes	to	what	is	known	as	
the	“fight	or	flight”	response.	The	body	shifts	its	energy	resources	toward	fighting	off	a	life	threat,	or	
fleeing	from	an	enemy.	

The	SNS	signals	the	adrenal	glands	to	release	hormones	called	adrenalin	(epinephrine)	and	cortisol.	
These	hormones,	together	with	direct	actions	of	autonomic	nerves,	cause	the	heart	to	beat	faster,	
respiration	rate	to	increase,	blood	vessels	in	the	arms	and	legs	to	dilate,	digestive	process	to	change	
and	glucose	levels	(sugar	energy)	in	the	bloodstream	to	increase	to	deal	with	the	emergency.	

The	SNS	response	is	fairly	sudden	in	order	to	prepare	the	body	to	respond	to	an	emergency	situation	
or	 acute	 stress—short-term	stressors.	Once	 the	 crisis	 is	over,	 the	body	usually	 returns	 to	 the	pre-
emergency,	unstressed	state.	This	 recovery	 is	 facilitated	by	 the	PNS,	which	generally	has	opposing	
effects	 to	 the	 SNS.	 But	 PNS	 over-activity	 can	 also	 contribute	 to	 stress	 reactions,	 for	 example,	 by	
promoting	 bronchoconstriction	 (e.g.,	 in	 asthma)	 or	 exaggerated	 vasodilation	 and	 compromised	
blood	circulation.	

Both	 the	 SNS	 and	 the	 PNS	 have	 powerful	 interactions	 with	 the	 immune	 system,	 which	 can	 also	
modulate	stress	 reactions.	The	central	nervous	system	 is	particularly	 important	 in	 triggering	stress	
responses,	 as	 it	 regulates	 the	 autonomic	 nervous	 system	 and	 plays	 a	 central	 role	 in	 interpreting	
contexts	as	potentially	threatening.	

Chronic	 stress,	 experiencing	 stressors	 over	 a	 prolonged	 period	 of	 time,	 can	 result	 in	 a	 long-term	
drain	 on	 the	 body.	 As	 the	 autonomic	 nervous	 system	 continues	 to	 trigger	 physical	 reactions,	 it	
causes	 a	 wear-and-tear	 on	 the	 body.	 It’s	 not	 so	 much	 what	 chronic	 stress	 does	 to	 the	 nervous	
system,	 but	what	 continuous	 activation	 of	 the	 nervous	 system	 does	 to	 other	 bodily	 systems	 that	
become	problematic.	

Sciatica	-	Sciatica	is	a	type	of	pain	caused	by	an	irritated	nerve.	It's	felt	from	your	bottom	down	to	
your	feet	and	toes.	Symptoms	of	sciatica	include	shooting	pain	in	your	bottom	and	the	backs	of	your	
legs.	
	
Neuralgia	-	is	a	stabbing,	burning,	and	often	severe	pain	due	to	an	irritated	or	damaged	nerve.	The	
nerve	may	be	 anywhere	 in	 the	 body,	 and	 the	 damage	may	be	 caused	by:	 aging,	 diseases	 such	 as	
diabetes,	multiple	sclerosis	or	an	infection,	such	as	shingles.	
	
	
Neuritis	 –	 is	 a	medical	 term	 meaning	 inflammation	 in	 the	 peripheral	 nerves	(nerves	 outside	 the	
central	nervous	system	are	called	peripheral).	
	
Myalgic	Encephalomyelitis/Chronic	Fatigue	Syndrome	 -	Chronic	 fatigue	 syndrome,	also	called	CFS	
or	 CFS/ME,	 is	 a	 condition	 that	 causes	 extreme	 tiredness	 and	 a	 range	of	 other	 symptoms.	 Chronic	
fatigue	syndrome	has	a	wide	range	of	symptoms.	The	most	common	symptom	is	extreme	tiredness.	
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Cerebral	Palsy	-	Cerebral	palsy	is	the	name	for	a	group	of	lifelong	conditions	that	affect	movement	
and	co-ordination.	It's	caused	by	a	problem	with	the	brain	that	develops	before,	during	or	soon	after	
birth.	
	
Bell’s	Palsy	-	Bell's	palsy	 is	temporary	weakness	or	 lack	of	movement	affecting	1	side	of	your	face.	
Symptoms	of	Bell's	palsy	include	weakness	on	1	side	of	your	face,	a	drooping	eyelid	or	corner	of	your	
mouth.	
	
Parkinson’s	Disease	-	Parkinson's	disease	is	a	condition	that	affects	the	brain.	It	causes	problems	like	
shaking	 and	 stiffness	 that	 get	worse	 over	 time.	 It	 is	 caused	 by	 a	 loss	 of	 nerve	 cells	 in	 part	 of	 the	
brain.	It’s	not	clear	exactly	why	this	happens.	
	
Motor	Neuron	Disease	-	Motor	neurone	disease	is	an	uncommon	condition	affecting	the	brain	and	
nerves.	 It's	 nearly	 always	 fatal,	 but	 some	 people	 live	with	 it	 for	many	 years.	 Symptoms	 of	motor	
neurone	disease	 include	muscle	weakness,	 twitches,	 slurred	 speech	and	difficulty	 swallowing.	 The	
symptoms	get	worse	over	time.	
	
Multiple	 Sclerosis	 (MS)	 -	 is	 a	 condition	 that	 can	 affect	 the	 brain	 and	 spinal	 cord,	 causing	 a	wide	
range	 of	 potential	 symptoms,	 including	 problems	with	 vision,	 arm	or	 leg	movement,	 sensation	 or	
balance.	 It's	 a	 lifelong	 condition	 that	 can	 sometimes	 cause	 serious	 disability,	 although	 it	 can	
occasionally	 be	 mild.	 In	 many	 cases,	 it's	 possible	 to	 treat	 symptoms.	 Average	 life	 expectancy	 is	
slightly	reduced	for	people	with	MS.	 It's	most	commonly	diagnosed	in	people	 in	their	20s	and	30s,	
although	it	can	develop	at	any	age.	It's	about	2	to	3	times	more	common	in	women	than	men.	
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The	Endocrine	System	
	
Endocrine	glands	are	glands	of	the	endocrine	system	that	secrete	their	products,	hormones,	directly	
into	the	blood	rather	than	through	a	duct.	They	are	developed	from	epithelial	tissue.		
	
The	major	glands	of	the	endocrine	system	include:		
v 1.	The	pineal	gland	
v 2.	Pituitary	gland	
v 3.	Thyroid	gland	
v Parathyroid	glands	(4,	behind	thyroid)	
v 4.	Thymus	gland	
v 5.	Adrenal	glands	
v 6.	Pancreas	(Islets	of	Langerhans)	
v 7.	Ovaries	(gonads)	
v 8.	Testes	(gonads)	
v Hypothalamus	(above	the	pituitary)	

	
	
The	hypothalamus	and	pituitary	gland	are	neuroendocrine	organs.	
	
	
	
Hormones	are	chemical	messengers	that	are	secreted	directly	into	the	blood,	which	carries	them	to	
organs	and	tissues	of	the	body	to	exert	their	functions.	Hormones	are	continually	secreted.	Hyper-	
or	hypo-	secretion	of	hormones	causes	abnormal	functioning.	The	amount	secreted	varies,	in	order	
to	maintain	hormone	levels.	
	
There	are	many	types	of	hormones	that	act	on	different	aspects	of	bodily	functions	and	processes.	
Some	of	these	include:	

• Development	and	growth	
• Metabolism	of	food	items	
• Sexual	 function	 and	 reproductive	 growth	

and	health	
• Cognitive	function	and	mood	
• Maintenance	 of	 body	 temperature	 and	

thirst	
	
Where	are	they	secreted?	
	
Hormones	are	secreted	from	the	endocrine	glands	
in	the	body.	The	glands	are	ductless,	so	hormones	
are	secreted	directly	into	the	blood	stream	rather	
than	 by	 way	 of	 ducts.	 Target	 organs	 are	 specific	
organ	 on	 which	 a	 hormone,	 drug,	 or	 other	
substance	acts.	
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Endocrine	Glands	
	
1. Hypothalamus	
Situated	 at	 the	 base	 of	 the	 brain,	 links	 the	 nervous	 and	 endocrine	 systems,	 to	 control	 and	 co-
ordinate	 bodily	 functions	 and	 maintain	 the	 internal	 balance	 of	 the	 body	 called	 ‘homeostasis’.	
Regulates	the	Pituitary	gland.	
	
2. Pituitary	Gland	
Referred	to	as	the	‘master	gland’,	as	it	controls	the	functions	of	the	other	glands.	
Location:	Base	of	the	skull	
Structure:	Small	round	structure	divided	into	anterior	pituitary	and	posterior	pituitary	
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Hormones	secreted	from	the	Anterior	Pituitary	Gland	
	
Hormones	that	control	other	endocrine	glands:	

Ø  Thyroid	stimulating	hormone	(TSH)	Also	known	as	Thyrotrophin	
Controls	the	thyroid	gland	
	

Ø  Adrenocorticotrophic	hormone:		
(ACTH)	–Controls	the	outer	cortex	of	the	adrenal	gland	
	

Ø  Gonadotrophins	–	Controls	the	ovaries	in	women	and	the	testes	in	men	
There	are	2	gonadotrophic	hormones:	

1. FSH	-	follicle	stimulating	hormone	
2. LH	–	luteinising	hormone	
3. ICSH	–	Interstitial	cell	stimulating	hormone	

	
FSH	-	follicle	stimulating	hormone	
Stimulates	the	ovaries	to	develop	eggs	and	to	produce	the	hormone	oestrogen	
Stimulates	the	testes	to	produce	sperm	
	
LH	–	luteinising	hormone	
Stimulates	ovulation	and	produces	progesterone	in	women,	
ICSH	–	Interstitial	cell	stimulating	hormone	
Stimulates	the	testes	in	men	to	produce	the	hormone	testosterone		
	
Hyper	and	hypo	secretion	of	FSH	and	LH	can	result	in	infertility	
	
Hormones	that	control	other	systems	are:	
GH	–	Human	growth	hormone	
Also	known	as	somatrophin,	promotes	the	growth	of	skeletal	and	muscular	systems	

v Hyper	secretion-	gigantism,	acromegaly	
v Hypo	secretion	-	dwarfism	

	
Ø PRL	-	prolactin	

Initiates	and	maintains	milk	production	
v Hyper	secretion	–	hirsutism,	menstrual	problems,	milky	discharge	from	the	breasts	
v Hypo	secretion	–	no	breast	milk	

	
Ø MSH	–	melanocyte	stimulating	hormone	

Promotes	the	production	of	melanin	in	the	epidermis	
v Hyper	secretion	–	chloasma	
v Hypo	secretion	–	vitiligo		 	

	
Hormones	secreted	from	the	Posterior	Pituitary	Gland	
Controlled	by	nervous	stimulation	within	hypothalamus	
Produces	2	hormones:	

1. OT	–	oxytocin	 	
2. ADH	–	antidiuretic	hormone	(vasopressin)	

	
OT	–	oxytocin	
Releases	milk	from	the	breast,	contracts	the	uterus	during	labour	and	after	birth.	
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As	a	medication,	it	is	used	to	cause	contraction	of	the	uterus,	which	is	used	to	start	labour,	increase	
the	 speed	 of	 labour,	 and	 to	 stop	bleeding	 following	 delivery.	 It	 is	 used	 either	 by	injection	 into	 a	
muscle	or	into	a	vein.		
Medical	uses	can	result	 in	excessive	contraction	of	the	uterus	that	can	cause	distress	 in	an	unborn	
baby.	Common	side	effects	in	the	mother	include	nausea	and	a	slow	heart	rate.	Serious	side	effects	
include	water	intoxication	with	an	excessive	dose	and	uterus	rupture.	Allergies	may	also	occur.		
Oxytocin	 is	 normally	 produced	 in	 the	hypothalamus	 and	 stored	 in	 the	posterior	 pituitary	 gland.	It	
plays	a	role	in	social	bonding,	sexual	reproduction	in	both	sexes,	and	during	and	after	childbirth.	It	is	
released	due	to	stretching	of	the	cervix	and	uterus	during	labour	and	with	stimulation	of	the	nipples	
from	breastfeeding.	This	helps	with	birth,	bonding	with	the	baby,	and	milk	production.	
	
ADH	–	antidiuretic	hormone	 	
Vasopressin,	which	 regulates	water	 balance	 in	 the	 body.	 The	water	 is	 reabsorbed	 into	 the	 blood	
circulation	by	the	kidneys	rather	than	being	lost	as	urine	
Hyper	secretion	–	causes	swelling	–	oedema.	
Hypo	secretion	–	causes	diabetes	Insipidus	and	kidney	problems	
	
	
	
Now	we	will	take	a	look	at	each	individual	endocrine	gland	and	the	hormones	they	secrete	or	actions	
they	take	in	response	to	the	pituitary	hormones.	
	
Thyroid	Gland	
Location:	
In	the	neck	below	the	larynx	(Butterfly	shape)	
	
Structure:	
Largest	endocrine	gland,	2	lobes	joined	by	a	stalk	
Produces	 3	 hormones	 in	 response	 to	 the	
production	 of	 TSH	 in	 the	 anterior	 lobe	 of	 the	
Pituitary	Gland	
	
Hormones	secreted:		

1. Thyroxine	
2. Triiodothyronine	

Controls	 basal	 metabolic	 rate:	 BMR/stimulates	
tissue	metabolism	
Regulates	growth	and	development	of	the	body	
Hyper	 secretion	 –	 known	 as	 Graves	 Disease	 or	 Thyrotoxicosis	 (Hyperthyroidism)	 increased	
metabolism,	heart	rate,	weight	loss,	anxiety,	and	intolerance	of	heat	plus	frequent	bowel	action.	
Hypo	 secretion	 –	 body	 systems	 slow	 beyond	 normal	 speed,	 cretinism	 in	 children,	 goitre-thyroid	
enlargement,	slow	metabolism	weight	gain,	dry	skin.	Myxoedema		
	

3. Calcitonin	(opposing	the	action	of	the	parathyroid)	
Lowers	calcium	and	phosphorus	levels	in	the	blood	
	
Hyper	 secretion	 –	 lowering	 of	 blood	 calcium	 level	 by	 inhibiting	 loss	 of	 calcium	 from	 the	 bone.	 It	
inhibits	the	activity	of	osteoclasts,	which	are	the	cells	responsible	for	breaking	down	bone.	
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Parathyroid	Glands	
Location:	
In	the	neck	behind	the	thyroid	gland	(4	glands)	
	
Structure:	
4	Pea	sized	structures	
PTH	-	parathormone		
Regulates	calcium	and	phosphorus	in	blood,	stimulates	reabsorption	of	calcium	in	kidneys;	activates	
vitamin	D.	If	blood	calcium	levels	are	too	low,	the	parathyroid	gland	releases	more	PTH.	This	causes	
the	bones	to	release	more	calcium	into	the	blood	and	reduces	the	amount	of	calcium	released	by	
the	kidneys	into	the	urine.	
	
	
Adrenal	Glands	
	
Location:	
1	above	and	in	front	of	each	kidney	
	
Structure:	
2	 separate	 glands:	 adrenal	 medulla	 and	
adrenal		
Cortex	surrounded	by	fatty	tissue	
	
Adrenal	Cortex		
Produces	 3	 groups	 of	 hormones	 referred	 to	
as	 steroids	 in	 response	 to	 the	 production	 of	
ACTH	 from	 the	anterior	 lobe	of	 the	Pituitary	
Gland.	
	

1. Glucocorticoids	 (steroids)–	 cortisol,	
cortisone	 	 	 	

Produced	in	response	to	ACTH.	Helps	metabolism	of	carbohydrates,	fats	and	proteins.	
	
Hyper	 secretion	 Cushing’s	 syndrome,	 stunted	 growth,	 moon-shaped	 face,	 muscular	 atrophy,	
hypertension,	diabetes	mellitus-	(a	condition	where	the	body	has	a	problem	making	insulin	or	using	
it	effectively	to	process	glucose	or	sugar	from	food.	Type1	&	type2)	
	
Hypo	secretion	Addison’s	disease	
	

2. Mineralocorticoids	–	aldosterone	
Regulates	salts	in	the	body	especially	sodium	chlorine	and	potassium	
Hyper	 secretion	 –	 kidney	 failure,	 high	 blood	 pressure,	 and	 too	much	 potassium	 in	 blood	 causing	
abnormal	heart	beat.	
Hypo	secretion	–	Addison’s	disease,	muscular	atrophy	and	weakness;	body	systems	slow	down.	
	

3. Sex	corticoids	–	androgens	 (Female:	Oestrogen	and	progesterone	(some	normal	 in	males).	
Male:	Testosterone	(some	normal	in	females).	

	
Sexual	development	and	maturity	in	both	males	and	females.			
Ovulation,	Terminal	hair	growth,	pubic	and	underarm	areas.	
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Hyper	secretion	–	 (of	testosterone	 in	women:	hirsutism	and	amenorrhoea).	 (Of	oestrogen	 in	Men:	
muscular	atrophy	and	breast	growth).	
Hypo	secretion	–	may	cause	Addison’s	disease	
	
Adrenal	Medulla	
Functions	to	support	the	sympathetic	nervous	system.	
Produces	2	hormones:	Adrenalin	and	Noradrenalin	
	
Often	 known	 as	 the	 stress	 hormones,	 Stimulated	 in	 response	 to	 sympathetic	 nervous	 system	 to	
prepare	 the	 body	 for	 fight	 or	 flight.	 Speeds	 up	 heart	 rate,	 slows	 digestive	 and	 urinary	 systems,	
increases	 blood	 pressure	 and	 blood	 sugar	 level.	 Adrenaline	 is	 a	 powerful	 vasoconstrictor	 i.e.	 it	
constricts	the	blood	vessels	in	order	to	increase	blood	pressure.	
Hyper	 secretion	 –	 hypertension	 –	 sweating,	 nausea,	 headaches	 and	 pallor	 (an	 unhealthy	 pale	
appearance).	
	
Islets	of	Langerhans	
Location:	in	the	Pancreas	
Behind	 and	 slightly	 below	 the	 stomach,	
between	the	duodenum	and	spleen,	connected	
to	 the	 duodenum	 by	 the	 pancreatic	 duct	 and	
connected	 to	 the	 blood	 through	 capillary	
network.	
	
Structure:	
Contains	alpha	and	beta	cells	
Produces	2	hormones	

1. Insulin	 	(beta	cells)	 	 	
Helps	transport	glucose	into	cells,		
required	for	cellular	metabolism	of	food	
Lowers	 blood	 sugar	 levels.	 Liver	 and	 muscles	
store	glycogen	(un-usable	form	of	sugar).	
Hyper	secretion	–	hypoglycaemia,	low	blood	sugar	levels,	hunger,	sweating	and	can	lead	to	a	coma	
Hypo	 secretion	 –	 diabetes	 mellitus,	 high	 blood	 sugar	 level	 and	 high	 urine	 production,	
hyperglycaemia,	fatigue,	weight	loss	and	coma.	
	

2. Glucagon	(Alpha	Cells)	
Liver	 is	stimulated	to	convert	glycogen	into	glucose	and	release	 it	 into	the	blood	to	 increase	blood	
sugar	levels	
Hyper	secretion	-	hyperglycaemia	
	
Ovaries	
	
Location:	
Female	pelvis	either	side	of	uterus	
	
Structure:	
Almond	sized	and	shaped	
Gonadotrophins	secreted	by	the	anterior	lobe	of	the		
Pituitary	 Gland	 release	 2	 hormones	 that	 stimulate	 the	
ovaries	in	females:	FSH	&LH	
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Ø FSH	–	follicle	stimulating	hormone	
Ø Stimulates	the	ovaries	to	produce	the	sexual	hormone,	oestrogen.	This	helps	to	control	the	

menstrual	 cycle	 and	 the	 production	 of	 eggs	 by	 the	 ovaries.	 FSH	 is	 at	 its	 highest	 level	 just	
before	an	egg	is	released	from	the	ovaries.	

	
Ø LH	–	luteinising	hormone	 	

Stimulates	the	ovaries	to	produce	sexual	hormone	progesterone	
An	acute	rise	of	LH	triggers	ovulation	and	development	of	the	corpus	luteum.	
Oestrogen	and	progesterone	are	responsible	for:	

v Development	of	breasts	
v Widening	of	the	hips	
v Start	of	menstruation	
v Growth	of	pubic	and	underarm	hair	
v Development	of	reproductive	organs	

	
Testes	
Location	-	 suspended	 in	the	male	scrotum,	behind	the	
penis.	
Structure	-	each	testis	contains	a	mass	of	coiled	tubes		
Gonadotrophins	 secreted	 by	 the	 anterior	 lobe	 of	 the	
Pituitary	Gland	 release	2	hormones	 that	 stimulate	 the	
testes	in	males:	FSH	and	LH	
	

Ø FSH	 –	 follicle	 stimulating	 hormone	 (this	
hormone	remains	at	a	constant	level	in	males)	

Stimulate	the	testes	to	produce	sperm	
	

Ø LH	–	luteinising	hormone	(ICSH)		
Stimulate	 the	 testes	 to	 produce	 the	 sexual	 hormone	
testosterone	
	
Responsible	for:	

v Release	of	Sperm	
v Terminal	hair	–	face,	chest	and	arms	
v Deepening	of	the	voice	
v Increase	in	muscle	bulk		
v Development	of	reproductive	organs	

Both	women	and	men	have	small	amounts	of	the	female	and	male	sex	hormones	in	their	body.	
Malfunctions:	 Too	 much	 free	 testosterone	 in	 the	 body	 can	 lead	 to	 the	 over	 abundant	 hormone	
being	converted	into	Oestrogen.		
	
Pineal	Body	
Location:	in	the	centre	of	the	brain.	
	
Hormone	secreted:	Melatonin	
(Derived	from	serotonin)	
Function:	Controls	body	rhythms-	responds	to	
sunlight.	It	is	thought	that	serotonin	can	affect	
mood	 and	 social	 behaviour,	 appetite	 and	
digestion,	 sleep,	 memory	 and	 sexual	 desire	
and	function.	
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Melatonin	 plays	 an	 important	 role	 in	 the	 regulation	 of	sleep	cycles	 (i.e.,	circadian	 rhythm).	 Its	
production	is	influenced	by	the	detection	of	light	and	dark	by	the	retina	of	the	eye.	For	example,	the	
production	of	melatonin	is	inhibited	when	the	retina	detects	light	and	is	stimulated	in	the	absence	of	
light.	Melatonin	 generation	by	 the	pineal	 gland,	which	peaks	during	 the	night	 time	hours,	 induces	
physiological	changes	that	promote	sleep,	such	as	decreased	body	temperature	and	respiration	rate.	
During	 the	 day,	melatonin	 levels	 are	 low	 because	 the	 retina	 detects	 large	 amounts	 of	 light.	 Light	
inhibition	 of	 melatonin	 production	 is	 central	 to	 stimulating	 wakefulness	 in	 the	 morning	 and	 to	
maintaining	alertness	throughout	the	day.	
Malfunction:	can	cause	a	jet-lag	feeling,	depression,	SAD-	Seasonal	Affective	Disorder.	
	
Thymus	
	
Location:	In	the	thorax,	in	front	of	the	heart.	
Hormone:	 Thymic	 Factor	 (TF),	 Thymic	
Humoral	 Factor	 (THF),	 Thymosine,	 and	
Thymopoietin	
	
The	 thymus	 gland,	 located	 behind	 your	
sternum	and	between	your	lungs,	is	only	active	
until	puberty.	
After	 puberty,	 the	 thymus	 starts	 to	 slowly	
shrink	and	become	replaced	by	fat.	
Thymosin	is	the	hormone	of	the	thymus,	and	it	
stimulates	the	development	of	disease-fighting	
T	 cells.	 The	 thymus	 gland	 will	 not	 function	
throughout	a	full	 lifetime,	but	 it	has	a	big	responsibility	when	it’s	active—helping	the	body	protect	
itself	against	autoimmunity,	which	occurs	when	the	immune	system	turns	against	 itself.	Therefore,	
the	thymus	plays	a	vital	role	in	the	lymphatic	system	(your	body’s	defence	network)	and	endocrine	
system.	
		
Before	 birth	 and	 throughout	 childhood,	 the	 thymus	 is	 instrumental	 in	 the	 production	 and	
maturation	 of	 T-lymphocytes	 or	 T	 cells,	 a	 specific	 type	 of	white	 blood	 cell	 that	 protects	 the	 body	
from	certain	threats,	including	viruses	and	infections.	The	thymus	produces	and	secretes	thymosin,	a	
hormone	necessary	for	T	cell	development	and	production.	
		
The	 thymus	 is	 special	 in	 that,	 unlike	 most	 organs,	 it	 is	 at	 its	 largest	 in	 children.	 Once	 you	 reach	
puberty,	 the	 thymus	starts	 to	 slowly	 shrink	and	become	replaced	by	 fat.	By	age	75,	 the	 thymus	 is	
little	more	 than	 fatty	 tissue.	 Fortunately,	 the	 thymus	produces	 all	 of	 your	 T	 cells	 by	 the	 time	 you	
reach	puberty.	
	
Thymosin:	The	Hormone	of	the	Thymus	
Thymosin	stimulates	the	development	of	T	cells.	Throughout	your	childhood	years,	white	blood	cells	
called	lymphocytes	pass	through	the	thymus,	where	they	are	transformed	into	T	cells.	
		
Once	T	cells	have	fully	matured	in	the	thymus,	they	migrate	to	the	lymph	nodes	(groups	of	immune	
system	cells)	throughout	the	body,	where	they	aid	the	immune	system	in	fighting	disease.	However,	
some	lymphocytes,	regardless	if	they	reside	in	the	lymph	nodes	or	thymus,	can	develop	into	cancers	
(known	as	Hodgkin	disease	and	non-Hodgkin	lymphomas).	
		
Malfunction:	lowered	immunity	and/or	stress.	
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Homeostatic	feedback	mechanisms	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
Many	endocrine	glands	are	 linked	to	neural	control	centres	by	homeostatic	 feedback	mechanisms.	
The	 two	 types	 of	 feedback	 mechanisms	 are	 negative	 feedback	 and	 positive	 feedback.	 Negative	
feedback	 decreases	 the	 deviation	 from	 an	 ideal	 normal	 value,	 and	 is	 important	 in	 maintaining	
homeostasis.	Most	endocrine	glands	are	under	the	control	of	negative	feedback	mechanisms.	
An	example	of	negative	feedback	is	the	regulation	of	the	blood	calcium	level.	The	parathyroid	glands	
secrete	parathyroid	hormone,	which	regulates	the	blood	calcium	amount.	If	calcium	decreases,	the	
parathyroid	 glands	 sense	 the	 decrease	 and	 secrete	 more	 parathyroid	 hormone.	 The	 parathyroid	
hormone	 stimulates	 calcium	 release	 from	 the	 bones	 and	 increases	 the	 calcium	 uptake	 into	 the	
bloodstream	 from	the	collecting	 tubules	 in	 the	kidneys.	Conversely,	 if	blood	calcium	 increases	 too	
much,	 the	 parathyroid	 glands	 reduce	 parathyroid	 hormone	 production.	 Both	 responses	 are	
examples	 of	 negative	 feedback	 because	 in	 both	 cases	 the	 effects	 are	 negative	 (opposite)	 to	 the	
stimulus.	
An	example	of	positive	 feedback	can	be	 found	 in	childbirth.	The	hormone	oxytocin	stimulates	and	
enhances	 labour	 contractions.	 As	 the	 baby	 moves	 toward	 the	 vagina	 (birth	 canal),	 pressure	
receptors	 within	 the	 cervix	 (muscular	 outlet	 of	 uterus)	 send	 messages	 to	 the	 brain	 to	 produce	
oxytocin.	 Oxytocin	 travels	 to	 the	 uterus	 through	 the	 bloodstream,	 stimulating	 the	muscles	 in	 the	
uterine	 wall	 to	 contract	 stronger	 (increase	 of	 ideal	 normal	 value).	 The	 contractions	 intensify	 and	
increase	until	the	baby	is	outside	the	birth	canal.	When	the	stimulus	to	the	pressure	receptors	ends,	
oxytocin	production	stops	and	labour	contractions	cease.	
	
PATHOLOGIES	
	
Addison’s	Disease	
Addison's	disease,	also	known	as	primary	adrenal	 insufficiency	and	hypocortisolism,	 is	a	 long-term	
endocrine	 disorder	 in	 which	 the	 adrenal	 glands	 do	 not	 produce	 enough	 steroid	 hormones.	
Symptoms	generally	 come	on	 slowly	and	may	 include	abdominal	pain,	weakness,	and	weight	 loss.	
Darkening	of	the	skin	in	certain	areas	may	also	occur.	Under	certain	circumstances,	an	adrenal	crisis	
may	occur	with	low	blood	pressure,	vomiting,	lower	back	pain,	and	loss	of	consciousness.	
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Cushing’s	Syndrome	
Cushing’s	syndrome,	also	known	as	hypercortisolism,	is	a	collection	of	symptoms	that	develop	due	
to	 very	 high	 levels	 of	 a	 hormone	 called	 cortisol	 in	 the	 body.	 The	symptoms	 of	 Cushing’s	
syndrome	include:	

• 	Weight	gain	
• 	Thinning	skin	that	bruises	easily	
• 	Reddish-purple	stretch	marks	on	the	thighs,	stomach,	buttocks,	arms,	legs	or	breasts	
• 	Fat	deposits	that	develop	in	the	face,	causing	it	to	become	round	

		
Myxoedema	
Swelling	 of	 the	 skin	 and	 underlying	 tissues	 giving	 a	 waxy	 consistency,	 typical	 of	 patients	 with	
underactive	 thyroid	glands.	 The	more	general	 condition	associated	with	hypothyroidism,	 including	
weight	gain,	mental	dullness,	and	sensitivity	to	cold.	
	
Diabetes	mellitus	 is	the	full	medical	name	for	diabetes,	a	condition	where	the	body	has	a	problem	
making	insulin	or	using	it	effectively	to	process	glucose	or	sugar	from	food.	
Diabetes	mellitus	is	a	life-long	condition	and	includes	type	1	diabetes	and	type	2	diabetes.	
	
Diabetes	 insipidus	 is	 a	 rare	 condition	where	 you	 produce	 a	 large	 amount	 of	 urine	 and	 often	 feel	
thirsty.	Diabetes	 insipidus	 isn't	 related	 to	diabetes	mellitus	 (usually	 just	known	as	diabetes),	but	 it	
does	share	some	of	the	same	signs	and	symptoms.	
The	two	main	symptoms	of	diabetes	insipidus	are:	

v Thirst	(polydipsia)	
v Passing	large	amounts	of	urine	even	at	night	(polyuria)	

In	very	severe	cases	of	diabetes	insipidus,	up	to	20	litres	of	urine	can	be	passed	in	a	day.	
	
Stress	
When	 someone	 perceives	 a	 situation	 to	 be	 challenging,	 threatening,	 or	 uncontrollable,	 the	 brain	
initiates	 a	 cascade	 of	 events	 involving	 the	 hypothalamic-pituitary-adrenal	 (HPA)	 axis,	which	 is	 the	
primary	 driver	 of	 the	 endocrine	 stress	 response.	 This	 ultimately	 results	 in	 an	 increase	 in	 the	
production	of	 steroid	hormones	called	glucocorticoids,	which	 include	cortisol,	often	 referred	 to	as	
the	“stress	hormone”.	
During	 times	 of	 stress,	 the	 hypothalamus,	 a	 collection	 of	 nuclei	 that	 connects	 the	 brain	 and	 the	
endocrine	 system,	 signals	 the	 pituitary	 gland	 to	 produce	 a	 hormone,	 which	 in	 turn	 signals	 the	
adrenal	glands,	located	above	the	kidneys,	to	increase	the	production	of	cortisol.	
Cortisol	 increases	 the	 level	of	energy	 fuel	 available	by	mobilizing	glucose	and	 fatty	acids	 from	 the	
liver.	 Cortisol	 is	 normally	 produced	 in	 varying	 levels	 throughout	 the	 day,	 typically	 increasing	 in	
concentration	upon	awakening	and	slowly	declining	 throughout	 the	day,	providing	a	daily	 cycle	of	
energy.	During	a	stressful	event,	an	increase	in	cortisol	can	provide	the	energy	required	to	deal	with	
prolonged	or	extreme	challenge.	
	
Glucocorticoids,	 including	 cortisol,	 are	 important	 for	 regulating	 the	 immune	 system	 and	 reducing	
inflammation.	While	 this	 is	 valuable	 during	 stressful	 or	 threatening	 situations	 where	 injury	might	
result	 in	 increased	immune	system	activation,	chronic	stress	can	result	 in	 impaired	communication	
between	the	immune	system	and	the	HPA	axis.	
This	impaired	communication	has	been	linked	to	the	future	development	of	numerous	physical	and	
mental	 health	 conditions,	 including	 chronic	 fatigue,	 metabolic	 disorders	 (e.g.,	 diabetes,	 obesity),	
depression,	and	immune	disorders.	
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Respiratory	System	
	
Oxygen	 is	 the	 respiratory	 system’s	 ‘food’	 and	 carbon	
dioxide	is	its	‘waste’.	Breathing	is	the	most	fundamental	
action	of	the	human	body:	we	cannot	live	without	it	for	
more	than	a	few	minutes.	
	
	
	
What	Is	Breathing?	
	
Breathing,	 or	 external	 respiration,	 is	 the	 inhalation	 and	
exhalation	of	air	and	the	gases	it	contains.		
	
	
	
Gases	That	We	Breathe	In	
	
We	are	aware	 that	our	atmosphere	 is	a	mixture	of	gases.	The	atmosphere	contains	78%	nitrogen,	
21%	 oxygen,	 1%	 argon,	 0.04%	 carbon	 dioxide,	 and	 0.5%	water	 vapour.	When	we	 breathe	 in,	 we	
inhale	the	same	mixture	of	gases	contained	in	the	atmosphere,	as	our	noses	cannot	filter	out	other	
gases	to	just	take	in	oxygen.	
	
	
	
	
Composition	of	Air	
The	composition	of	 the	air	 that	we	breathe	 in	also	depends	on	our	 surrounding	environment.	 For	
example,	during	respiration	processes,	the	air	inhaled	by	underwater	divers	contains	more	oxygen	or	
helium.	 Similarly,	 the	 space	 suits	worn	 by	 astronaut	 supplies	 pure	 oxygen	 for	 them	 to	 breathe	 in	
space.	
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Gases	That	We	Breathe	Out	
Stand	 in	 front	of	a	mirror	and	breath	out.	You	will	 see	a	 film	of	moisture	appearing	on	 the	mirror	
surface.	Have	you	ever	wondered	where	do	these	water	droplets	come?	It	 is	the	same	air	that	we	
inhale.	Remember?	We	have	mentioned	 in	above	section	that	the	air	we	breathe	 in	contains	0.5%	
water	vapour.	Therefore,	the	film	of	moisture	formed	on	the	mirror	surface	is	because	of	the	water	
vapour	content	in	the	air.	
	 	
Composition	of	Gases:	Exhaled	Air	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
When	we	 exhale,	 the	 composition	 of	 the	 air	 remains	 almost	 same	 as	 the	 air	 we	 inhale,	 only	 the	
percentage	of	carbon	dioxide	and	oxygen	changes.	The	air	we	breathe	in	contains	21%	oxygen	and	
0.04%	carbon	dioxide,	while	 the	air	we	breathe	out	contains	17%	oxygen	 and	4%	carbon	dioxide.	
This	 is	 because	 our	 cells	 use	 oxygen	 from	 the	 inhaled	 air	 to	 release	 energy	 and	 give	 out	 carbon	
dioxide	as	a	by-product.	
	
How	do	we	breathe?	
Through	the	nose	and	the	system	of	passageways	and	organs	with	which	it	connects.	The	nose	is	the	
only	organ	of	respiration	that	we	can	see.	The	following	section	explains	the	structure	and	function	
of	the	organs	of	the	respiratory	system.	
	
The	Nose		
Made	of	 cartilage	and	2	nasal	bones.	 It	 is	 covered	with	 skin,	both	 inside	and	out	and	 lined	with	a	
mucus	membrane	that	is	ciliated	i.e.	it	has	microscopic	hairs.	
	
They	allow	for	the	passage	of	air	from	external	to	internal	

• Lined	with	ciliated	epithelium	ensuring	the	air	is	filtered,	moistened	and	warmed.	
• Mucous	membrane	 secretes	 sticky	 fluid	 preventing	 dust	 and	 bacteria	 entering	 lungs.	 Cilia	

push	the	mucus	into	the	throat.	It	is	then	swallowed	and	travels	to	the	stomach	where	any	
bacteria	are	neutralised	by	gastric	acids.	

• Organ	for	sense	of	smell	
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Pharynx		
Leads	from	the	cavity	of	the	nose	to	the	larynx	and	oesophagus.	
Made	up	of	muscular	and	fibrous	tissue.		

• Small	 masses	 of	 lymphoid	 tissue,	 which	 form	 the	 pharyngeal	 tonsils	 or	 adenoids,	 help	 to	
filter	bacteria.	

• Lined	with	mucous	membrane	
• Tonsils	are	found	at	back	of	the	pharynx	
• Leads	from	the	back	of	the	nose	and	mouth.	
• Splits	 into	 2	 (oesophagus	 posteriorly	 and	 Larynx	 anteriorly)	 and	 serves	 as	 air	 and	 food	

passage	
• It	works	as	part	of	the	digestive	and	respiratory	systems.	

	
Larynx-	 or	 Voice	 box	 -Connects	
pharynx	to	trachea		

• Composed	 of	 rings	 of	
cartilage	 attached	 to	each	
other	 by	 membranes	 and	
ligaments.	

• Contains	 the	 vocal	 cords	
which	 vibrate	 when	 air	
passes	 over	 them	
producing	sound	

• Opening	 into	 the	 larynx	
from	 pharynx	 is	 call	 the	
glottis	

• Epiglottis	 –	 a	 flap	 of	
cartilage	 covering	 the	
glottis	 prevents	 food	
going	down	the	trachea.	

	
Trachea-	 Lies	 anterior	 to	 the	
oesophagus.		Link	between	the	larynx	and	bronchi.		

• Continuation	of	the	larynx	extending	down	to	the	5th	thoracic	area.	
• Divides	into	right	and	left	Bronchi.		
• Composed	of	C	shaped	Hyaline	cartilage	rings	and	involuntary	muscles	(allow	expansion	of	

oesophagus	to	expand)	
• It	is	lined	with	ciliated	epithelium,	which	contains	mucus-secreting	goblet	cells.	
• These	cells	secrete	mucus,	which	collects	any	foreign	matter,	or	bacteria	and	the	cilia	then	

push	this	up	to	the	larynx.	
	
Bronchi-	2	short	tubes	similar	in	structure	to	the	trachea,	which	carry	air	into	lungs.		

• The	Bronchi	enter	the	lungs	at	the	hilum,	a	concave	depression,	where	they	sub	divide	into	
different	branches	for	the	different	lobes	of	the	lungs.	

• Composed	of	same	structures	as	trachea;	 Involuntary	muscle,	Hyaline	cartilage,	connective	
tissue	and	Lined	with	mucous	membrane	and	ciliated	epithelium	

• Mucous	traps	particles	and	cilia	move	them	upwards-preventing	dirt	from	entering	lungs.	
	
Bronchioles-	Smaller	branches	of	bronchi.		
The	final	and	finest	tubes	in	the	passage	of	air	from	the	nose	to	the	lungs	are	the	bronchioles.	

• Contain	no	cartilage.	
• Made	of	muscular,	fibrous	and	elastic	tissue.		
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• They	 become	 smaller	 as	 the	 spread	 further	 into	 the	 lungs	 until	 they	 are	 no	more	 than	 a	
single	layer	of	flattened	epithelial	cells	(just	 like	blood	capillaries).	These	microscopic	tubes	
are	called	terminal	bronchioles.		

	
	
Alveoli	

• Bronchioles	 sub	 divide	 and	 end	 in	 minute	
air-filled	sacs	called	alveoli	

• Made	 of	 simple	 squamous	 epithelium	
allowing	quick	diffusion	of	gases	

• Thin	 walled	 capillaries	 form	 a	 network	
around	 the	 alveoli	 allowing	 quick	 gaseous	
exchange	between	lungs	and	the	blood	

• Arranged	in	lobules.	
	
	

	
Lungs-	 2	 cone-shaped	 spongy	 organs	 on	 either	
side	of	the	heart	in	the	thoracic	cavity.		

• Left	lung	has	2	lobes	and	right	lung	has	3	
lobes	

• Facilitate	 exchange	 of	 the	 gases	 oxygen	
and	 carbon	 dioxide	 into	 and	 out	 of	 the	
blood.	

• Have	 surface	 area	 of	 1,000sq	 ft.	 (tennis	
court)	

• Lung	 tissue	 is	 made	 up	 of	 bronchioles,	
alveoli,	blood	vessels,	nerves,	connective	
and	elastic	tissue.		

• They	are	covered	 in	a	special	membrane	
called	the	pleura.	

	
	
	
Pleura	-	On	the	outside,	the	lungs	have	2	
layers	of	serous	membrane				

• The	outer	parietal	 layer	 lines	 the	
thoracic	cavity,	sticks	to	the	chest	
wall	and	diaphragm	and	the	inner	
visceral	 layer	 is	 attached	 to	 the	
surface	of	the	lungs	

• These	 2	 membranes	 are	
separated	 by	 a	 space	 called	 the	
pleural	cavity.	This	cavity	 is	filled	
with	 lubricating	 serous	 fluid,	
which	 reduces	 friction	 between	
the	lungs	and	chest	wall.	

• It	 prevents	 friction	 between	 the	
two	layers	during	respiration.	
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Mechanics	of	Respiration	
Although	all	of	these	separate	tubes	and	passageways	have	individual	functions,	it	is	their	collective	
function	that	is	important	i.e.	to	allow	us,	and	every	cell	in	our	body,	to	breathe.		
The	entrance	and	exit	of	air	 in	and	out	of	 the	body	 is	a	process	known	as	breathing,	whereas	 the	
entrance	and	exit	of	oxygen	and	carbon	dioxide	in	and	out	of	cells	is	known	as	gaseous	exchange.			
	
External	Respiration	
Is	 the	breathing	 in	and	out	of	air,	and	 the	diffusion	of	oxygen	 from	the	alveoli	 into	 the	blood	and	
Carbon	dioxide	from	the	blood	into	the	alveoli.	In	order	to	understand	now	the	gases	pass	from	one	
tissue	to	the	next	it	is	important	to	know	the	following	physical	law:	
Gases	diffuse	from	a	higher	pressure	to	a	lower	pressure	until	equal	pressure	is	achieved.	
Diffusion	occurs	when	a	strong	concentration	of	a	gas	comes	into	contact	with	a	weak	concentration	
of	the	same	gas.	The	dissolved	gas	molecules	will	move	from	the	strong	concentration	to	the	weak	
concentration	until	the	concentration	is	equal	on	both	sides.	
In	 the	 case	 of	 oxygen	 and	 carbon	 dioxide,	 this	 occurs	 through	 the	 capillary	 and	 alveoli	walls.	 The	
oxygen	in	the	alveoli	is	under	more	pressure	than	the	venous,	deoxygenated	blood	in	the	capillaries	
so	 the	oxygen	passes	 from	the	alveoli	 (high	pressure)	 into	 the	capillaries	 (low	pressure).	Once	 the	
pressure	in	both	is	the	same,	the	exchange	stops.		
The	carbon	dioxide	in	the	blood	is	under	more	pressure	than	the	carbon	dioxide	in	the	alveoli	so	it	
diffuses	 through	 the	 capillary	 walls	 to	 the	 alveoli.	 The	 blood	 is	 thus	 oxygenated	 and	 its	 waste	
removed	and	it	now	travels	back	to	the	heart	ready	to	be	pumped	round	the	body.	The	lungs	then	
expel	the	Carbon	Dioxide	through	the	process	of	exhalation.	
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Internal	Respiration	
Internal	respiration	is	the	diffusion	of	oxygen	from	the	blood	to	the	body	cells,	and	of	carbon	dioxide	
from	the	body	cells	back	to	the	blood.	
Once	 blood	 has	 been	 oxygenated	 in	 the	 lungs,	 it	 travels	 back	 to	 the	 heart	 and	 is	 then	 pumped	
around	the	body.	When	blood	reaches	the	various	cells	 in	the	body,	oxygen	is	again	transferred	by	
diffusion:	the	pressure	of	the	oxygen	in	the	cells	is	low,	so	the	oxygen	passes	into	the	cells.	
The	amount	of	oxygen	delivered	depends	on	how	busy	the	cell	is.	For	example,	more	oxygen	will	be	
delivered	to	a	muscle	cell	when	it	is	exercising	than	when	it	is	at	rest.	The	blood	delivers	its	oxygen	
and	collects	the	carbon	dioxide	(pressure	 in	the	blood	 is	 lower	than	 in	the	cells	so	the	CO2	passes	
into	 the	 blood),	 carrying	 it	 back	 to	 the	 lungs	 where	 it	 will	 be	 delivered	 to	 the	 alveoli	 and	 then	
exchanged.	
	
How	does	air	get	into	the	body	in	the	first	place?	
Through	the	same	gaseous	pressure	principle.	Air	enters	the	respiratory	system	when	the	pressure	is	
lower	inside	the	lungs	and	leaves	the	lungs	when	the	pressure	in	the	atmosphere	around	the	body	is	
lower.	But	it	is	the	action	of	the	muscles	involved	in	respiration	that	make	these	changes	in	pressure,	
and	the	movement	of	air,	happen.	The	main	muscle	involved	in	the	mechanics	of	respiration	is	the	
diaphragm,	which	is	helped	by	the	intercostal	muscles	(positioned	between	the	ribs).	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
The	Diaphragm-This	is	a	dome	shaped	muscle	when	relaxed	and	flat	when	contracted.	

• Separates	the	thoracic	cavity	from	the	abdominal	cavity.	
• Attached	to	first	three	lumbar	vertebrae,	sternum	and	lower	ribs	
• Supplied	by	the	phrenic	nerve	
• Assists	with	the	breathing	process	with	the	intercostal	muscles	of	ribs	

	
The	phrenic	nerve	stimulates	Inspiration/breathing	in.	–	2	secs	

• Intercostal	muscles	lift	the	ribs	up	and	out,	sternum	moves	forward	in	a	swing	motion	
• Diaphragm	flattens	and	lowers		
• Lungs	expand	to	fill	the	thoracic	cavity	as	they	fill	with	air	
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Expiration/breathing	out-	 the	Vagus	nerve	(10th	cranial	nerve)	stimulates	the	relaxation	of	muscle	
and	exhalation	–	3	secs	

• Intercostal	muscles	relax	
• Diaphragm	relaxes	into	its	usual	dome	shape	
• Lungs	relax	and	expel	air.	

	
Oxygen	passes	from	the	alveoli	to	the	capillaries	to	be	taken	to	body	cells.	
Carbon	dioxide	passes	from	the	capillaries	to	the	alveoli	to	be	exhaled.	
	
Control	of	respiration	

• Normal	breathing	rate	is	12-15	per	minute	
• The	control	is	part	nervous	and	part	chemical	

	
Nervous	Control:		

• Levels	 of	 oxygen	 and	 carbon	 dioxide	 in	 the	 blood	 stimulate	 respiratory	 centres	 in	 the	
medulla	oblongata	and	the	pons	varolii	of	the	brain.	

• The	 respiratory	 centre	 stimulates	 inspiration	 and	 controls	 the	 depth	 of	 breathing	 and	 its	
regularity.	

• Respiratory	nerves	control	the	diaphragm	and	intercostal	muscles	
• The	rate	and	depth	of	respiration	is	controlled	by	medulla	oblongata	
• The	Pons	Varolii	 stops	 inspiration	 thus	 provoking	 expiration.	When	 the	 respiratory	 centre	

tells	 the	 diaphragm	 to	 contract,	 air	 is	 sucked	 into	 the	 lungs,	 stimulating	 nerve	 cells	 called	
stretch	receptors	found	in	the	lung	tissue.	These	receptors	send	impulses	to	the	diaphragm	
telling	it	to	relax,	thus	provoking	expiration.	

• Breathing	is	a	continual	process	and	automatic.	
	

Chemical	Control:	the	respiratory	centre	is	sensitive	to	level	of	carbon	dioxide	in	the	blood.	Nerve	
cells	called	chemoreceptors,	found	in	the	aorta	and	carotid	arteries	(i.e.	arteries	which	are	close	to	
the	 heart)	 send	 impulses	 to	 the	 respiratory	 centre	 in	 the	medulla	 oblongata	 of	 the	 brain	 with	
messages	about	the	low	levels	of	oxygen.		

• When	the	level	of	carbon	dioxide	in	the	blood	is	too	high,	it	sends	message	to	the	diaphragm	
telling	it	to	contract,	thus	causing	inhalation.	This	is	especially	important	during	exercise	and	
illness.	It	also	initiates	the	release	of	hormones	from	the	adrenal	glands.	

• Adrenalin	 passes	 into	 the	 bloodstream	 and	 helps	 the	 rate	 of	 breathing	 during	 stressful	
periods.	

	
	
PATHOLOGIES	
	
	
Asthma:	Spasmodic	contraction	of	bronchial	muscles,	which	constrict	 the	airway	causing	excessive	
secretion	of	thick	sticky	mucus,	which	further	reduces	the	airway.	
	
	
Bronchitis:	could	be	acute	or	chronic	

a. Acute:	A	bacterial	infection	of	the	bronchi,	may	precede	a	cold	or	influenza	or	from	inhaled	
materials.	Results	in	impaired	function	of	the	bronchial	tree	due	to	accumulation	of	fluid.	

b. Chronic:	 progressive	 inflammatory	 disease	 caused	 from	 the	 exposure	 to	 irritants	 e.g.:	
tobacco	smoke.	
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Emphysema:	alveoli	stretch	and	lose	their	elasticity,	which	prevents	effective	breathing.	
	
Pulmonary	Tuberculosis:	is	an	infectious	disease	that	affects	the	lungs	and	is	caused	by	bacterium	–	
Tubercle	Bacillus.		
	
Pneumoconiosis:	Lung	inflammation	by	minute	particle	of	mineral	dust	–	often-called	miners	disease	
	
Pleurisy:	 Infection	 of	 the	 pleura-	 it	 becomes	 inflamed	 and	 fluid	 accumulates	 in	 the	 pleural	 cavity.	
Any	disease	that	causes	inflammation	in	the	lungs	can	result	in	pleurisy	
	
Rhinitis:	Inflammation	of	the	nasal	mucous	membrane	e.g.	hay	fever	
	
Pneumonia	
Pneumonia	is	inflammation	of	the	lungs,	usually	caused	by	an	infection.	
Symptoms	of	pneumonia	include	a	cough,	difficulty	breathing,	a	high	temperature	and	chest	pain.	
	
Hay	Fever	
Hay	 fever	 is	 usually	worse	between	 late	March	and	 September,	 especially	when	 it's	warm,	humid	
and	windy.	This	is	when	the	pollen	count	is	at	its	highest.	
	
Whooping	Cough	
Whooping	cough	 (also	called	pertussis)	 is	a	bacterial	 infection	of	 the	 lungs	and	breathing	 tubes.	 It	
spreads	very	easily.	
	
Sinusitis	
Sinusitis	is	swelling	of	the	sinuses,	usually	caused	by	an	infection.	It's	common	and	usually	clears	up	
on	its	own	within	2	to	3	weeks.	But	medicines	can	help	if	it's	taking	a	long	time	to	go	away.	
	
In	the	UK,	most	cases	of	cystic	fibrosis	are	picked	up	at	birth	using	the	new-born	screening	heel	prick	
test.	Symptoms	usually	start	 in	early	childhood	and	vary	from	child	to	child,	but	the	condition	gets	
slowly	worse	over	time,	with	the	lungs	and	digestive	system	becoming	increasingly	damaged.	
Treatments	are	available	to	help	reduce	the	problems	caused	by	the	condition	and	make	it	easier	to	
live	with,	but	sadly	life	expectancy	is	shortened.	
	
	
	
	
Stress	
	
The	respiratory	system	supplies	oxygen	to	cells	and	removes	carbon	dioxide	waste	 from	the	body.	
Air	comes	in	through	the	nose	and	goes	through	the	larynx	in	the	throat,	down	through	the	trachea,	
and	into	the	lungs	through	the	bronchi.	The	bronchioles	then	transfer	oxygen	to	red	blood	cells	for	
circulation.	
Stress	and	strong	emotions	can	present	with	respiratory	symptoms,	such	as	shortness	of	breath	and	
rapid	 breathing,	 as	 the	 airway	 between	 the	 nose	 and	 the	 lungs	 constricts.	 For	 people	 without	
respiratory	disease,	this	 is	generally	not	a	problem	as	the	body	can	manage	the	additional	work	to	
breathe	comfortably,	but	psychological	stressors	can	exacerbate	breathing	problems	for	people	with	
pre-existing	respiratory	diseases	such	as	asthma	and	chronic	obstructive	pulmonary	disease	(COPD;	
includes	emphysema	and	chronic	bronchitis).	
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Some	 studies	 show	 that	 an	 acute	 stress—such	 as	 the	 death	 of	 a	 loved	 one—can	 actually	 trigger	
asthma	attacks.	In	addition,	the	rapid	breathing—or	hyperventilation—caused	by	stress	can	bring	on	
a	panic	attack	in	someone	prone	to	panic	attacks.	
Working	 with	 a	 psychologist	 to	 develop	 relaxation,	 breathing,	 and	 other	 cognitive	 behavioral	
strategies	can	help.	
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CARDIOVASCULAR	SYSTEM	
The	cardiovascular	system	is	composed	of:	

• The	Heart	
• Blood	and	its	components	
• Arteries	
• Arterioles	
• Capillaries	
• Venules	
• Veins	

	
Blood	is	pumped	from	the	heart	around	the	body	through	a	transport	system	of	arteries	and	veins.	
It	 distributes	 oxygen	 and	 essential	 nutrients	 to	 the	 whole	 body	 as	 well	 as	 removing	 potentially	
damaging	waste	products	and	carbon	dioxide.		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
What	is	Blood?	
A	fluid	connective	tissue	made	up	of	plasma	and	cells.	Adult	bodies	contain	approximately	4.5	litres	
whereas	a	new-born	baby	has	only	300	millilitres.	Blood	is	Alkaline	and	is	pH7.4.	
	
What	does	Blood	do?	
	

• Transports	 oxygen,	nutrients,	 hormones	 and	enzymes	around	 the	body.	 Transport	oxygen	
away	from	the	lungs	and	around	the	body	and	CO2	from	the	body	cells	to	the	lungs.	

• Transport	nutrients	such	as	glucose	and	amino	acids	from	the	digestive	system	to	the	cells	in	
our	bodies.	

• Transports	 carbon	 dioxide	 and	waste	materials	 from	 the	 body	 to	 the	 organs	 of	 excretion.	
Take	waste	 products	 such	 as	 lactic	 acid	 away	 from	 the	 muscles	 when	 it's	 produced	 by	
anaerobic	respiration	and	urea	from	the	liver	to	the	kidneys	and	bladder.	

• Helps	 fight	 infection	 (with	 leucocytes	 and	 antibodies).	 Leucocytes	 kill	 pathogens,	 and	
microbes	that	stray	into	the	body.	(Protection.)	

• Prevents	 the	 loss	 of	 body	 fluids	 after	 accidents	 by	 clotting.	 Substances	 like	 platelets	 and	
fibrin	in	the	blood	help	to	clot	wounds.	

• Regulates	body	temperature	37°C	
• Distributes	heat	by	absorbing	heat	produced	by	liver,	muscles	to	rest	of	the	body	

	
What	is	Blood	made	of?	

A. Plasma	
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Plasma	makes	up	55%	of	blood	volume.	It	is	a	slightly	thick,	straw-coloured	fluid	and	made	of	mostly	
water	 (90-92%).	 The	 rest	 is	 plasma	 proteins	 (albumin,	 globulin,	 fibrinogen,	 heparin	 and	
prothrombin).		
Plasma	helps	to	transport	the	following	essential	substances	around	the	body:	

1) Mineral	Salts	
2) Nutrients		
3) Waste	
4) Hormones	
5) Enzymes	
6) Gases-	oxygen	(O2)	and	carbon	dioxide	(CO2)	are	dissolved	in	plasma.	
7) Antibodies-	 the	 body’s	 protectors.	 These	 complex	 proteins	 are	 produced	 by	

lymphocytes	in	response	to	the	presence	of	antigens,	such	as	viruses	and	bacteria,	in	the	
body.	

	
B. Cells	

There	are	three	types	of	blood	cells:	
1) Erythrocytes		

(Also	known	as	red	blood	cells)	
Structure:	 small	 biconcave	 cells	 with	 no	 nucleus	 or	 other	
organelles.	
Function:	 transport	 oxygen	 bound	 to	 haemoglobin	
(oxyhaemoglobin)-	for	which	iron	and	vitamin	B12	are	required.	

Ø Produced	in	red	bone	marrow	
Ø Life	span	of	about	120	days	
Ø Broken	 down	 in	 the	 spleen	 and	 then	 the	 liver	 (where	

any	spare	iron	is	retrieved	and	recycled)	
Ø Spleen	 breaks	 up	 the	 haemoglobin	 into	 iron	 and	

pigment.	
Ø Iron	is	stored	to	form	new	erythrocytes	
Ø Pigment	 is	 converted	 into	 bilirubin	 and	 biliverdin	 and	

excreted	from	the	liver	as	bile	pigments	
Ø Oxyhaemoglobin	 gives	 blood	 its	 characteristic	 red	

colour.	
Ø Too	 large	 to	 leave	 the	 capillary	walls,	 unless	 capillary	

walls	are	damaged.	
	

2) Leucocytes	(2	types-	Granular	and	non-granular)	
(Also	known	as	white	blood	cells)	
Granular	leucocytes	develop	in	red	bone	marrow	are	75%	of	all	
white	 blood	 cells.	 They	 include	 eosinophils,	 basophils	 and	
neutrophils,	 which	 protect	 the	 body	 against	 microorganisms	
and	infection.	
	
Non-Granular	leucocytes	are	25%	and	include	Lymphocytes	and	
Monocytes.	
Lymphocytes	provide	immunity;	produce	antibodies	and	antitoxins	with	the	aid	of	serum	globulin	–	
preventing	infection.	
Monocytes	have	phagocytic	action	(they	can	ingest	bacteria	and	other	foreign	particles)	
	
Structure:	large	irregularly	shaped	cells,	which	contain	a	nucleus.	
Function:	to	protect	the	body	from	infection.	
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Ø Number	can	increase	rapidly	when	infection	is	present	
Ø Produced	in	bone	marrow	
Ø Life	span	varies	from	hours	to	years	depending	on	type	of	usage	
Ø Can	pass	through	capillary	walls	into	tissues	

	
3) Thrombocytes		

(Also	known	as	Platelets)	
Structure:	small,	fragile	cell	fragments,	contain	mitochondria	but	no	nucleus	
Function:	contain	various	elements	that	are	responsible	for	blood	clotting	

How	does	blood	circulate?	
	
The	Systemic	Circulation	
• This	 is	the	general	circulation	of	blood	

around	the	body:	
• Oxygenated	blood	passes	from	the	left	

atrium	to	the	left	ventricle	
• Blood	 leaves	 the	 left	 ventricle	 via	 the	

Aorta		
• Oxygen	 and	 nutrients	 are	 carried	 to	

the	cells	and	tissues	
• Carbon	 dioxide	 and	 deoxygenated	

blood	 are	 carried	 from	 the	 cells	 and	
tissues	 of	 the	 body;	 returned	 to	 the	
right	 atrium	 via	 the	 Superior	 Vena	
Cava	and	the	Inferior	vena	cava	

	
The	Pulmonary	Circulation	
• This	 is	 the	 circulation	 of	 blood	 from	

the	heart	to	the	lungs	and	back:	
• Deoxygenated	 blood	 flows	 from	 the	

Inferior	 Vena	 Cava	 and	 the	 Superior	
Vena	Cava	into	the	right	atrium.	

• From	the	right	atrium	the	blood	passes	
into	the	right	ventricle		

• Blood	is	carried	from	the	right	ventricle	
in	the	Pulmonary	Artery	

• Pulmonary	 Artery	 carries	 the	
deoxygenated	blood	to	the	lungs	

• Exchange	of	gases	takes	place	in	alveoli	
of	the	lungs.	

Blood clotting 
When a cut occurs,  

i. Thrombocytes (platelets) release an enzyme called thromboplastin 
ii. Thromboplastin, in the presence of calcium, vitamin K (anti-haemorrhagic) and Vitamin C will 

turn inactive prothrombin into active thrombin 
iii. This then turns inactive fibrinogen into active fibrin.  
iv. The fibrin is very thin strands that form a mesh at the site of injury to catch the blood cells forming 

a clot.  
v. When the clot is first formed serum is secreted which is similar to plasma except it lacks the 

clotting factors prothrombin and fibrinogen. 

Pulmonary	
Artery 

Pulmonary	
Vein 
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• Carbon	dioxide	is	breathed	out	Oxygen	is	breathed	in	
• Oxygenated	blood	travels	through	the	Pulmonary	Vein	to	the	left	atrium	of	the	Heart	
	
The	Portal	Circulation	
The	 veins	 from	 the	 Stomach,	 Spleen,	 Pancreas,	 Gall	 bladder,	 Intestines	 transport	 blood	 from	 the	
digestive	organs	to	the	liver	via	the	hepatic	portal	vein.	
The	liver	processes,	stores	and	releases	the	nutrients	when	the	body	needs	them.	
	
The	Heart	
The	heart	lies	in	the	centre	of	the	thoracic	cavity.	Approximately	the	size	of	your	fist,	the	heart	is	a	
hollow	organ	divided	into	4	chambers.	The	coronary	artery	supplies	arterial	blood	to	the	heart.	The	
Vagus	 nerve	 decreases	 the	 force	 and	 rate	 of	 heartbeat	 and	 the	 sympathetic	 nervous	 system	
increases	this.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
Heart	is	divided	into	4	chambers	

• Right	&	 left	 atria	 above	 divided	 by	 atrio-ventricular	 valves	 from	 right	 and	 left	 ventricles	
below.	

• Tricuspid	valve	separates	the	right	atrium	from	right	ventricle	

Septum	
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• Bicuspid	or	Mitral	valve	separates	the	left	atrium	from	the	left	ventricle	
• The	valves	control	the	flow	of	blood	passing	from	the	atria	to	the	ventricles	
• Walls	of	the	atria	are	thinner	than	ventricles	
• Left	and	right	sides	are	divided	by	muscular	tissue	known	as	Septum	
• The	left	hand	side	of	the	heart	receives	oxygenated	blood	from	the	lungs	and	sends	it	to	the	

Aorta,	the	main	artery.	
• The	right	hand	side	of	 the	heart	 receives	deoxygenated	blood	 via	 the	vena	cava	 from	the	

body	and	sends	it	to	the	lungs	via	the	pulmonary	artery.	
• The	pulmonary	valve	(one	of	the	semilunar	valves)	prevents	the	back	flow	of	blood	into	the	

right	ventricle	
• The	aortic	valve	(the	other	semilunar	valve)	lies	between	the	left	ventricle	and	the	aorta.		
• Cells	of	the	heart	are	called	cardiomyocytes.		

	
	
Composed	of	3	layers	
	
Pericardium	–	Fibrous	–serous	sac	surrounds	the	heart,	Composed	of	2	layers	
Outer	tough	and	fibrous	parietal	and	inner	smooth	visceral	pericardium,	which	is	attached	directly	
to	the	heart	
Serous	fluid	between	the	two	layers	allows	smooth	movement	when	the	heart	beats.	
	
Myocardium	
Middle	layer	and	the	thickest,	composed	of	specialised	cardiac	muscle	
Due	 to	 the	 fibres	 being	 incompletely	 separated	 from	 each	 other	 -	 an	 impulse	 of	 contraction	may	
spread	without	interruption	over	the	whole	sheet	of	muscle	
	
Endocardium:		

• Forms	lining	to	the	myocardium	consist	of	flat	endothelial	cells.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
The	Cardiac	Cycle	

• This	refers	to	the	relaxation	and	contraction	of	the	atria	and	ventricles.	
• Nervous	tissue	situated	at	opening	of	the	superior	vena	cava	where	it	enters	the	right	atrium	

Sino-atrial	node/Pace	maker	–	initiates	muscle	of	the	atria	to	contract.	
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• When	the	muscles	of	atria	contract	they	empty	the	blood	into	ventricles	
• When	 ventricles	 are	 full	 they	 contract	 forcing	 the	 blood	 into	 the	 aorta	 and	 pulmonary	

circulation	
• Atrial	Systole:	contraction	of	the	atria	0.1	sec	
• Ventricular	Systole:	contractions	of	the	ventricles	0.3	
• Complete	cardiac	Diastole	is	relaxation	of	the	atria	and	ventricles.	-	.0.4	sec	
• Normal	heart	beat	occurs	about	74	times	per	min		

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
Coronary	Circulation	
	
The	heart	is,	of	course,	a	muscle	which	needs	the	benefits	of	circulation	like	every	other	muscle	and	
organ	 in	 the	 body.	 It	 has	 its	 own	 circulatory	 system	 called	 coronary	 circulation.	 Right	 and	 left	
coronary	 arteries	 leave	 the	 beginning	 of	 the	 Aorta	 and	 branch	 within	 the	 heart	 wall	 to	 form	 a	
network	of	 capillaries	 to	 feed	 the	 tissue	cells.	The	blood	 is	 then	collected	back	 into	 the	coronary	
veins,	which	empty	into	the	right	atrium	of	the	heart.	
	
Blood	Vessels	
	

• There	are	5	types:	arteries,	arterioles,	veins,	venules	and	capillaries.	
Arteries	transport	oxygenated	blood	away	from	the	heart	to	cells	and	tissues.		

• The	main	artery	called	the	aorta	leaves	the	left	ventricle	and	divides	into	many	arteries	and	
then	arterioles	forming	a	network	around	the	body.		

• Arteries	transport	blood	carrying	oxygen,	nutrients,	hormones,	and	enzymes	to	the	cells.	
• Consist	of	3	coats-	outer	fibrous			
• Middle	elastic	and	muscular-	composed	of	involuntary	muscle	fibres	and	elastic	tissue.	
• Inner	endothelial	lining	

Veins	transport	deoxygenated	blood	from	the	cells	back	to	the	heart.		
• Veins	drain	into	the	inferior	vena	cava	and	the	superior	vena	cava	entering	the	right	atrium	

of	the	heart.	
• Consist	of	3	coats	like	the	arteries,	but	the	tunica	media	is	much	thinner	and	weaker	causing	

them	to	collapse	when	cut.	(Muscle	layer)	
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• Veins	possess	valves	preventing	back	flow	of	blood	
Arterioles:	Smaller	arteries,	which	break	up	into	minute	capillaries.	
Venules:	Smaller	veins,	which	stem	from	the	capillaries	and	unite	to	form	larger	veins	carrying	blood	
back	to	the	heart.	
	
Capillaries:	are	single	cell	thin	walled	vessels	

• Oxygen	and	other	nutrients	diffuse,	filter	or	osmotically	 leave	through	the	semi-permeable	
wall	of	the	capillary	into	the	tissue	fluid	and	into	the	cells.	

• Waste	 products	 leave	 the	 cells,	 enter	 the	 tissue	 fluid	 and	 pass	 into	 the	 venules	 to	 be	
transported	away.	

	
Nervous	 control	 of	 blood	 vessels:	 -	 controlled	 by	 autonomic	 nervous	 system.	 Nerves	 arise	 from	
vasomotor	centre	 in	medulla	oblongata.	They	have	the	ability	to	change	diameter	of	blood	vessels	
therefore	controlling	the	amount	blood	flowing	through	them	
Vasoconstriction	–	reduce	diameter	and	increases	resistance	and	decreases	flow.	
Vasodilation	–	increases	diameter	and	decreases	resistance	and	increases	flow.	
	
Blood	pressure:		
Blood	pressure	is	the	force	with	which	the	heart	pumps	blood	around	the	body.			
It	is	the	force	of	pressure	the	blood	exerts	against	the	walls	of	the	arteries.	
It	is	measured	in	millimetres	of	mercury	(mmHg)	and	is	given	as	2	figures:	

• Systolic	pressure	–	the	pressure	when	your	heart	pushes	blood	out.	In	the	systolic	phase	the	
heart	contracts,	blood	pressure	rises	and	blood	moves	out	along	the	vessels.	

• Diastolic	 pressure	 –	 the	 pressure	 when	 your	 heart	 rests	 between	 beats.	 In	 the	 diastolic	
phase	the	heart	relaxes,	blood	pressure	falls	and	blood	fills	the	heart.	

Blood	pressure	increases	as	blood	viscosity	increases.	
Cardiac	 output	 is	 the	 term	 that	describes	 the	 amount	 of	 blood	 your	 heart	 pumps	 each	 minute.	
Doctors	 think	 about	 cardiac	 output	 in	 terms	 of	 the	 following	 equation:	 Cardiac	 output	 =	 stroke	
volume	×	heart	rate.	
	
Normal	blood	pressure	
Systolic	pressure	range	–	110	–	120	mm	of	Hg	
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Diastolic	pressure	range	–	65	–	80	mm	of	Hg	
High	blood	pressure	(Hypertension)	
Systolic	range	–	150	–	180	mm	of	Hg	
Diastolic	pressure	–	90	–	120	mm	of	Hg	
	
These	factors	may	cause	high	blood	pressure:	

• Being	overweight	
• Having	lots	of	salt	in	your	diet	
• Not	getting	much	physical	activity	
• Family	history	of	high	blood	pressure	
• High	stress	levels		
• Not	getting	enough	sleep	
• Excessive	alcohol	use	
• Kidney	disease	

	
Effects	of	High	Blood	Pressure	
Hypertension	can	quietly	damage	your	body	for	years	before	symptoms	develop.	Uncontrolled	high	
blood	pressure	 can	 lead	 to	disability,	 a	 poor	quality	 of	 life,	 or	 even	 a	 fatal	 heart	 attack	or	 stroke.	
Treatment	and	lifestyle	changes	can	help	control	your	high	blood	pressure	to	reduce	your	risk	of	life-
threatening	complications.	
	
Low	blood	pressure	(Hypotension)	
Systolic	pressure	ranges	from	100mm	of	Hg	or	less	
	
Medical	conditions	that	can	cause	low	blood	pressure	include:	

• Pregnancy	
• Heart	problems	
• Endocrine	problems	
• Dehydration	
• Blood	loss	
• Severe	infection	(septicemia)		
• Severe	allergic	reaction	(anaphylaxis	
• Lack	of	nutrients	in	your	diet	
• Some	medications	can	cause	low	blood	pressure	

	
Effects	of	Low	Blood	Pressure	

• lightheadedness	or	dizziness	
• feeling	sick	
• blurred	vision	
• generally	feeling	weak	
• confusion	
• fainting	
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Arteries	and	Veins	of	the	Face	and	Neck	
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Arteries	of	the	Body	
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Veins	of	the	Body	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
PATHOLOGIES	
	
Varicose	 veins	 –	 valves	 of	 veins	 become	 impaired	 or	 cease	 to	 function	 and	 the	 vein	 becomes	
permanently	dilated	and	collapses.	
Phlebitis	–	inflammation	of	vein	walls	
Hypotension	–	low	blood	pressure	
Hypertension	–	high	blood	pressure	
Anaemia	 -	can	be	due	to	drop	in	blood	volume	after	blood	loss,	drop	in	red	blood	cells	count,	and	
drop	in	amount	of	haemoglobin.	
Haemophilia	 -	 Haemophilia	 is	a	rare	 condition	 that	 affects	 the	 blood's	 ability	 to	 clot.	 It's	 usually	
inherited.	Most	people	who	have	it	are	male.	
Normally,	when	you	cut	yourself,	substances	in	your	blood	known	as	clotting	factors	mix	with	blood	
cells	 called	 platelets	 to	 make	 your	 blood	 sticky	 and	 form	 a	 clot.	 This	 makes	 the	 bleeding	 stop	
eventually.	
People	 with	 haemophilia	 do	 not	 have	as	 many	 clotting	 factors	as	 they	 should	 have	in	 their	
blood.	This	means	they	bleed	for	longer	than	usual.	
Arteriosclerosis-	hardening	of	artery	walls	due	to	degenerative	changes	(age)	
Atherosclerosis-	is	a	build-up	of	cholesterol	inside	the	arteries.	
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HIV/AIDS	-	HIV	(human	immunodeficiency	virus)	is	a	virus	that	attacks	the	body's	immune	system.	If	
HIV	is	not	treated,	it	can	lead	to	AIDS	(acquired	immunodeficiency	syndrome).	There	is	currently	no	
effective	cure.	Once	people	get	HIV,	they	have	it	for	 life.	But	with	proper	medical	care,	HIV	can	be	
controlled.	
	
Deep	 vein	 thrombosis	 Is	 the	 formation	 of	 a	 blood	 clot	 ("thrombus")	 in	 a	 deep	 vein.	 It	 commonly	
affects	the	leg	veins,	such	as	the	femoral	vein	or	the	popliteal	vein	or	the	deep	veins	of	the	pelvis.	
Occasionally	the	veins	of	the	arm	are	affected.	Symptoms	include	pain,	swelling	and	redness	of	the	
leg	and	dilation	of	the	surface	veins.	
Coronary	Thrombosis-	is	defined	as	the	formation	of	a	blood	clot	inside	a	blood	vessel	of	the	heart.	
This	blood	clot	may	then	restrict	blood	flow	within	the	heart,	 leading	to	heart	tissue	damage,	or	a	
myocardial	infarction,	also	known	as	a	heart	attack.	
Aneurysm-	refers	to	a	weakening	of	an	artery	wall	that	creates	a	bulge,	or	dissention,	of	the	artery.	
Most	aneurysms	do	 not	 show	 symptoms	 and	 are	 not	 dangerous.	 However,	 at	 their	 most	 severe	
stage,	some	can	rupture,	leading	to	life-threatening	internal	bleeding.	
	
High	Cholesterol-	high	cholesterol	is	when	you	have	too	much	of	a	fatty	substance	called	cholesterol	
in	 your	 blood.	 Eating	 fatty	 food,	 not	 exercising	 enough,	 being	 overweight,	 smoking	 and	 drinking	
alcohol,	 mainly	 causes	 it.	 It	 can	 also	 run	 in	 families.	 You	 can	 lower	 your	cholesterol	by	 eating	
healthily	and	getting	more	exercise.	
	
Hepatitis	A,B	&	C	-	Viral	hepatitis,	 including	hepatitis	A,	hepatitis	B,	and	hepatitis	C,	are	a	group	of	
distinct	diseases	that	affect	the	liver.		
Hepatitis	A,	also	called	hep	A,	 is	a	contagious	 liver	 infection	caused	by	 the	hepatitis	A	virus.	Some	
people	have	only	a	mild	illness	that	lasts	a	few	weeks.	Others	have	more	severe	problems	that	can	
last	months.	 You	usually	 get	 the	disease	when	you	eat	or	drink	 something	 contaminated	by	poop	
from	a	person	who	has	the	virus.	
Hepatitis	B-	There	is	a	vaccine	that	protects	against	it.	For	some	people,	hepatitis	B	is	mild	and	lasts	
a	short	 time.	These	“acute”	cases	don’t	always	need	treatment.	But	 it	can	become	chronic.	 If	 that	
happens,	 it	 can	 cause	 scarring	 of	 the	 organ,	liver	 failure,	 and	cancer,	 and	 it	 even	 can	 be	 life-
threatening.	It’s	spread	when	people	come	in	contact	with	the	blood,	open	sores,	or	body	fluids	of	
someone	who	has	the	hepatitis	B	virus.	
Hepatitis	 C	is	 a	 liver	 infection	 that	 can	 lead	 to	 serious	liver	damage.	 It’s	 caused	by	 the	 hepatitis	 C	
virus.	About	2.4	million	people	in	the	U.S.	have	the	disease.	But	it	causes	few	symptoms,	so	most	of	
them	don't	know.	The	virus	spreads	through	an	infected	person’s	blood	or	body	fluids.	
There	are	many	forms	of	the	hepatitis	C	virus,	or	HCV.	The	most	common	in	the	U.S.	is	type	1.	None	
is	more	serious	than	any	other,	but	they	respond	differently	to	treatment.	
	
Septicaemia	–	Septicemia	is	a	serious	bloodstream	infection.	It’s	also	known	as	blood	poisoning.	
Septicemia	occurs	when	a	bacterial	infection	elsewhere	in	the	body,	such	as	the	lungs	or	skin,	enters	
the	bloodstream.	This	is	dangerous	because	the	bacteria	and	their	toxins	can	be	carried	through	the	
bloodstream	to	your	entire	body.	Septicemia	can	quickly	become	life-threatening.		
	
Haemorrhoids	 –	 also	 called	 piles,	 are	 swollen	 veins	 in	 your	 anus	 and	 lower	 rectum,	 similar	 to	
varicose	veins.	Hemorrhoids	can	develop	inside	the	rectum	(internal	hemorrhoids)	or	under	the	skin	
around	the	anus	(external	hemorrhoids).	
	
Leukaemia-	 is	 cancer	 of	 the	 body's	 blood-forming	 tissues,	 including	 the	 bone	 marrow	 and	 the	
lymphatic	 system.	Many	 types	 of	leukaemia	exist.	 Some	 forms	 of	leukaemia	are	more	 common	 in	
children.	 Other	 forms	 of	leukaemia	occur	 mostly	 in	 adults.	Leukaemia	 usually	 involves	 the	 white	
blood	cells.	
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LYMPHATIC	SYSTEM	
	
The	 lymphatic	 system	 is	 a	 subsidiary	 circulation	 closely	 associated	 with	 the	 blood	 circulation.	 It	
provides	 a	 channel	 through	which	 excess	 tissue	 fluid	 is	 returned	 to	 the	 bloodstream.	 The	 system	
plays	an	important	role	in	protecting	from	infection.		

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

What	is	the	Lymphatic	System?	
	
In	 order	 to	 understand	 the	 lymphatic	 system	 it	 is	 necessary	 to	 understand	 what	 happens	 in	 the	
circulatory	system	at	tissue	level.		
	
Blood	travels	to	and	from	the	tissues	delivering	nutrients	and	removing	waste.	
Whole	 blood	 never	 leaves	 the	 capillaries	 but	 leucocytes	 and	 the	 ‘passengers’	 (oxygen,	 food	 and	
water)	can.	Once	outside	the	capillaries	they	are	carried	by	a	derivative	of	plasma	called	tissue,	or	
interstitial	fluid.		
	
This	 fluid	 circulates	 throughout	 the	 tissues,	 delivering	 food,	 oxygen	 and	 water	 to	 the	 cells	 and	
collecting	 carbon	 dioxide	 and	 other	 waste.	 However,	 when	 it	 has	 finished	 its	 work	 and	 needs	 to	
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return	to	the	capillaries,	not	all	of	it	can	pass	through	the	capillary	walls	because	the	pressure	inside	
the	capillaries	is	too	high.		
	
The	fluid	that	is	left	is	picked	up	by	a	different	set	of	capillaries,	called	the	lymphatic	capillaries.	They	
have	 larger	pores	 in	their	walls	 than	blood	capillaries	and	the	pressure	 inside	them	is	 lower.	Thus,	
excess	 tissue	 fluid,	 substances	made	 of	 large	molecules,	 fragments	 of	 damaged	 cells	 and	 foreign	
matter	such	as	micro-organisms	drain	away	into	them.		
	
The	 fluid,	 known	 as	 Lymph,	 is	 filtered	 by	 the	 lymph	 nodes	 then	 collected	 by	 the	 lymphatic	 ducts	
before	entering	the	right	and	left	subclavian	veins	and	returning	to	the	blood	stream.	
	
What	is	the	structure	of	the	lymphatic	system?	
	
The	 Lymphatic	 system	 consists	 of	 lymphatic	 capillaries,	 lymphatic	 vessels,	 lymph	 nodes	 and	
lymphatic	ducts.	The	fluid	in	lymphatic	capillaries	and	vessels	is	called	lymph.	
	

• Lymphatic	capillaries	and	lymphatic	vessels-	these	are	tubes	that	carry	lymph	fluid	
• Lymphatic	nodes-	arranged	in	groups	around	the	body,	which	act	as	filters	
• Lymphatic	ducts-	there	are	two	ducts,	the	right	lymphatic	duct	and	the	thoracic	duct.	These	

collect	all	 the	filtered	 lymph	from	the	body	and	empty	 it	 into	the	right	and	left	subclavian	
veins	where	it	will	re-join	the	blood.	

• Lymphatic	 organs-	 spleen,	 thymus	 gland,	 adenoids,	 lymph	nodes,	 appendix,	 bone	marrow	
and	tonsils;	these	have	specific	functions.	

• Lacteals:	 found	 in	 the	 villi	 of	 small	 intestine;	 absorb	 fat	 (lipids)	 –	 emulsified	 by	 bile	 and	
carried	to	cisterna	chyli	

• Peyer’s	Patches-	are	groupings	of	lymphoid	follicles	in	the	mucus	membrane	that	lines	your	
small	intestine.	

	
What	does	the	system	distribute	and	collect?	
	
Lymph	

• Clear,	colourless	fluid	derived	from	tissue	fluid;	contained	within	lymph	vessels	
• Similar	in	composition	to	blood	plasma;	but	lower	concentration	of	plasma	protein	
• Plasma	oozes	out	of	the	capillaries	&	bathes	the	tissue	spaces	now	called	tissue	fluid.	When	

tissue	fluid	enters	the	blind	lymph	capillaries,	it	is	called	lymph	
• Contains	waste	materials,	 lymphocytes	and	 leucocytes	 (in	order	 to	 ingest	bacteria	and	cell	

debris)	 but	 no	 red	 blood	 cells	 (erythrocytes).	 Lymph	 is	 different	 to	 blood	 plasma	 as	 it	
contains	more	white	blood	cells.	

• Phagocytic	monocytes	and	neutrophils	engulf	and	destroy	micro-organisms	and	drain	them	
away	in	the	lymphatic	capillaries	

	
How	does	Lymph	move?	
Several	factors	help	to	circulate	lymph		

• The	 contraction	 of	 skeletal	 muscles	 collapse	 the	 vessels	 and	 because	 there	 are	 valves	
present,	lymph	is	directed	towards	the	upper	part	of	the	body	

• A	slight	oncoming	pressure	from	the	tissue	fluids	
• Movement	of	lymph	towards	the	thorax	during	inspiration.	
• Suction:	negative	pressure	helps	to	pull	the	lymph	upwards	into	the	lymphatic	ducts,	where	

lymph	 collects	 before	 being	 re-circulated.	 These	 ducts	 empty	 into	 the	 subclavian	 veins,	
which,	because	they	are	close	to	the	heart,	have	negative	pressure	in	them.	
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Any	obstruction	of	the	lymphatic	flow	results	in	oedema,	the	swelling	of	tissues	due	to	the	collection	
of	excess	fluid.	
	
Tissue	fluid		

• As	 blood	 passes	 through	 the	 blood	 capillaries	 some	 of	 the	 fluid	 oozes	 out	 through	 the	
capillary	walls	and	bathes	the	tissues.	This	is	known	as	tissue	fluid.	

• All	body	tissues	are	bathed	in	tissue	fluid,	consisting	of	diffusible	parts	of	blood,	and	waste	
materials	from	cells.	

• Some	 tissue	 fluid	 returns	 to	 the	 capillaries	 at	 the	 venous	 end	 and	 the	 remainder	 diffuses	
through	the	more	permeable	walls	of	lymph	capillaries	and	becomes	lymph.	

	
What	are	Lymphatic	Capillaries?	
The	 vessels,	which	work	with	 blood	 to	 collect	 excess	 tissue	 fluid,	 Lymphatic	 capillaries	 eventually	
unite	to	form	lymphatic	vessels.	
	

• Originate	 as	 minute	 blind-end	 tubes	 in	 the	 interstitial	 spaces,	 same	 structure	 as	 blood	
capillaries	

• Have	 very	 thin	 permeable	 walls	 allowing	 fluid,	 proteins,	 nutrients	 and	 cell	 debris	 to	 pass	
through	

• Drain	away	excess	fluid	and	waste	products	from	the	tissue	space	
• Tiny	lymphatic	capillaries	join	together	to	form	larger	lymphatic	vessels.		

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
What	Are	Lymphatic	Vessels?	
	

• Similar	in	structure	to	veins;	have	one-way	valves	helping	to	direct	lymph	towards	the	heart	
and	thin	collapsible	walls.	

• The	valves	give	lymph	vessels	a	knotted	or	beaded	appearance.		
• The	vessels	drain	into	lymphatic	nodes.	
• Carry	the	lymph	towards	the	heart	
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• Contraction	of	muscles,	 tissue	 fluid,	and	negative	pressure	 in	 the	thorax	during	respiration	
and	pressure	from	pulsating	adjacent	arteries	assist	lymph	to	move	forward.	

• Made	of	3	 layers:	outer	 fibrous	 tissue,	middle	 layer	of	muscle	and	elastic	 tissue	and	 inner	
layer	of	endothelial	cells.	

	
What	is	the	connection	between	blood	and	lymph?	
	
The	 Lymphatic	 system	 is	 a	 subsidiary	 circulation,	 helping	 the	 blood	 circulation	 to	 carry	 out	 its	
functions.	 It	 removes	excess	 fluid	 from	tissues	and	carries	 large	particles	 that	cannot	pass	through	
the	smaller	pores	of	the	blood	capillaries.	Lymph	nodes	and	the	spleen	filter	lymph	(the	name	of	the	
fluid	 in	 the	 lymphatic	 system)	 and	 take	 out	 the	 waste	materials	 it	 contains	 as	 well	 as	 producing	
antibodies	and	lymphocytes	which	are	added	to	the	lymph	to	be	transported	to	the	blood.	
	
	
Lymphatic	Nodes	

• Small	 bean	 shaped	 structures	 surrounded	 by	 a	 capsule	 of	 dense	 connective	 tissue	 and	
arranged	in	groups.	

• Made	up	of	lymphatic	tissue	divided	into	outer	cortex	and	inner	medulla	
• Afferent	vessels	enter	the	node	leaving	via	the	Efferent	vessels	
• Macrophages	 and	 B-lymphocytes	 destroy	 organic	 material,	 filter	 lymph	 and	 liquefy	

microorganisms,	cell	debris	and	harmful	substances.		
• Activated	 T	&	 B	 lymphocytes	multiply	 in	 the	 nodes.	 Antibodies	 produced	 by	 sensitised	 B-

lymphocytes	enter	lymph	&	blood	draining	the	node	
• Form	Lymphocytes	
• Form	antibodies	and	antitoxins	that	fight	infection	and	disease.		
• Lymphatic	vessels	leaving	the	nodes	join	to	form	lymphatic	ducts.	
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The	Thoracic	duct:		
	
Collects	the	most	lymph	in	the	body-	from	both	legs,	the	abdomen,	left	side	of	the	chest,	left	arm	
and	left	side	of	the	head	and	face.	
Continuation	of	cisterna	chyli	(dilated	sac	at	the	lower	end	of	the	thoracic	duct)	

• All	the	lymph	from	the	pelvic	&	abdominal	cavities	pass	into	this	sac	
• Same	structure	as	lymph	vessels	containing	many	valves	
• Main	collecting	duct	of	the	lymphatic	system,	receives	lymph	from	

Left	side	of	the	head	and	neck,	left	arm,	lower	limbs,	abdomen	
• Chyle	-emulsified	fatty	acids	and	glycerol	–	from	the	lacteals	of	the	small	 intestine	are	sent	

to	the	cisterna	chyli	then	into	the	thoracic	duct.	
• It	empties	into	the	left	subclavian	vein	

The	Right	lymphatic	duct:		
The	smaller	of	the	2	main	ducts,	collects	lymph	form			

• Right	side	of	the	head	and	neck	
• Right	arm	and	right	side	of	the	chest.	
• It	empties	into	the	right	subclavian	vein.	
• Same	structure	as	lymph	vessels	containing	many	valves	

	
Spleen:		

Ø Dark	purple	oblong	organ	on	the	left	side	of	the	stomach	and	below	the	diaphragm.	
Ø Has	a	Phagocytic	action-	Destroys	worn-out	red	blood	cells	(erythrocytes)	releasing	pigment	

bilirubin	&	biliverdin,	iron	&	globin	which	is	excreted	in	the	urine	
Ø Disintegrates	haemoglobin	releasing	pigment,	iron	and	globin	
Ø Iron	is	stored	to	form	new	haemoglobin	
Ø Pigments	–	bilirubin	and	biliverdin	colour	the	bile.		
Ø Globin	is	excreted	in	the	urine	
Ø Reservoir	for	blood	
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Ø Forms	lymphocytes	
Ø Forms	antibodies	and	antitoxins	

Thymus	
Triangular	lymphatic	tissue	below	the	thyroid	lying	against	the	trachea	
Mature	T-cells	(lymphocytes)	in	babies	
Atrophies	after	puberty	
	
The	body’s	ability	to	remember	and	recognise	antigens	that	have	triggered	an	immune	response	is	
known	as	Acquired	Immunity.	
	
Tonsils	and	Adenoids:	Both	your	 tonsils	and	adenoids	help	 to	 trap	pathogens,	 such	as	bacteria	or	
viruses	that	enter	your	mouth	or	nose.	They	contain	immune	cells	that	produce	antibodies	that	kill	
these	pathogens	before	they	can	spread	to	the	rest	of	your	body.	
	
Appendix:	 is	 a	 finger-like,	 blind-ended	 tube	 connected	 to	 the	cecum	 (the	 beginning	 of	 the	 large	
intestine.	The	appendix	used	to	be	considered	a	vestigial	organ,	but	this	view	has	changed	over	the	
past	 decades.	 Recent	 research	 suggests	 that	 the	 appendix	 may	 serve	 an	 important	 purpose.	 In	
particular,	it	may	serve	as	a	reservoir	for	beneficial	gut	bacteria.	
	
Lymph	nodes	of	face	and	neck		
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Lymph	nodes	of	the	Body	
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PATHOLOGIES	
	
Oedema	
Swelling	in	the	tissues,	which	occur	if	there	is	a	blockage	in	the	lymphatic	system.		
The	tissue	fluid	is	not	drained	away	and	stagnates	among	the	tissues	producing	swelling.	
Treatment	is	contra-indicated	if	the	oedema	is	due	to	the	following	conditions:	

• Disease	of	the	heart,	lungs	or	kidney	
• Acute	injury	
• Deep	vein	thrombosis	or	phlebitis	
• Damage	to	the	lymph	glands	following	infection,	surgery	or	radiotherapy	

	
Cancer		
Lymphoma	is	a	cancer	of	 the	 lymphatic	system,	which	 is	part	of	 the	body's	germ-fighting	network.	
The	 lymphatic	 system	 includes	 the	lymph	 nodes	(lymph	 glands),	 spleen,	 thymus	 gland	 and	bone	
marrow.	Lymphoma	can	affect	all	those	areas	as	well	as	other	organs	throughout	the	body.	
	
Fever	
A	fever	is	 usually	 when	 your	 body	 temperature	 is	 37.8C	 or	 higher.	 You	 may	 feel	 warm,	 cold	 or	
shivery.	You	can	find	out	if	you	have	a	fever	by	using	a	thermometer	to	take	your	temperature.	
	
Cellulitis	
Cellulitis	is	a	skin	infection	that's	treated	with	antibiotics.	It	can	be	serious	if	it's	not	treated	quickly.	
	
Hodgkin's	lymphoma	—	formerly	known	as	Hodgkin's	disease	—	is	a	cancer	of	the	lymphatic	system,	
which	is	part	of	your	immune	system.	It	may	affect	people	of	any	age,	but	is	most	common	in	people	
between	20	and	40	years	old	and	those	over	55.	
	
Lymphoedema	
Lymphedema	refers	 to	swelling	 that	generally	occurs	 in	one	of	your	arms	or	 legs.	Sometimes	both	
arms	 or	 both	 legs	 swell.	Lymphedema	is	most	 commonly	 caused	 by	 the	 removal	 of	 or	 damage	 to	
your	lymph	nodes	as	a	part	of	cancer	treatment.	
	
Non-Hodgkin’s	Lymphoma	
Non-Hodgkin	 lymphoma	 is	 a	 type	 of	 cancer	 that	 develops	 in	 the	 lymphatic	 system,	 a	 network	 of	
vessels	 and	 glands	 spread	 throughout	 your	 body.	 In	 non-Hodgkin	 lymphoma,	 the	 affected	
lymphocytes	 start	 to	 multiply	 in	 an	 abnormal	 way	 and	 begin	 to	 collect	 in	 certain	 parts	 of	 the	
lymphatic	system,	such	as	the	lymph	nodes	(glands).	
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DIGESTIVE	SYSTEM	
	
Without	 food,	 water	 and	 oxygen,	 humans	 could	 not	 survive.	 The	 digestive	 system	 is	 the	 set	 of	
organs,	which	transform	whatever	we	eat	into	substances	that	can	be	used	in	the	body	for	energy,	
growth	 and	 repair.	 Once	 various	 chemical	 processes	 have	 broken	 down	 food,	 and	 the	 nutrients	
removed,	 the	 rest	 is	 excreted	 as	 waste.	 The	 whole	 process	 involves	 many	 different	 organs	 and	
sometimes	 takes	 several	 hours.	 Basic	 functions	 of	 the	 digestive	 system	 include	 breaking	 down	
proteins,	carbohydrates	and	fats	into	small	molecules	used	by	the	body	to	produce	energy,	growth	
and	repair	of	tissues.		
	
To	include:	
Ingestion:	taking	food	into	the	alimentary	tract	
Digestion:	breakdown	of	food	mechanically	and	physically	
Absorption	–	small	food	molecules	pass	into	the	blood	and	lymph	
Assimilation:	soluble	food	passes	from	blood	stream	into	cells	
Elimination:	indigestible	substances	are	expelled.	
Enzyme:	acts	as	a	catalyst,	increasing	the	rate	at	which	a	chemical	reaction	occurs.	
Mastication:	biting	and	grinding	food	in	your	mouth	so	it	becomes	soft	enough	to	swallow	
Defecation:	a	 ‘mass	movement’	pushes	waste	along	
the	 transverse	 colon,	 often	 stimulated	 by	 food	
arriving	in	the	stomach.	
The	Alimentary	Canal	is	composed	of:	

Ø Mouth	
Ø Pharynx	(throat)	
Ø Oesophagus	
Ø Stomach	
Ø Small	intestine	
Ø Large	intestine	
Ø Rectum	
Ø Anus	

	
**The	liver,	gall	bladder	and	pancreas	are	not	part	of	
the	alimentary	 canal,	 as	 food	does	not	pass	directly	
through	 them.	 They	 add	 their	 secretions	 into	 the	
small	intestine	to	aid	digestion.	
	
What	is	Digestion?	
	
Digestion	 is	 the	 breakdown	 and	 transformation	 of	
solid	 and	 liquid	 food	 into	 microscopic	 substances.	
The	 blood	 then	 transports	 these	 substances	 to	
different	areas	of	the	body.		
	
There	are	four	stages	of	Digestion:	
Mouth-	Ingestion	(the	taking	in	of	food	or	liquid	into	
the	 body),	 chewing	 and	 swallowing	 the	 bolus;	 start	
of	starch	(carbohydrate)	digestion	
Stomach-	mixing	and	protein	digestion	(chyme)	
Small	Intestine-	carbohydrate	and	fat	digestion	(90%	
of	absorption	takes	place	here)	
Large	Intestine-	waste	and	excretion	
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The	Mouth	
	
Where	does	Digestion	start?	
	
In	the	mouth	where	the	action	of	teeth	and	saliva	combine	
in	 the	 first	 stage	 of	 breakdown,	 chewing	 and	 partially	
digesting	the	food	so	that	 it	will	pass	more	easily	along	the	
oesophagus.	 The	 ball	 of	 food	 that	 leaves	 the	 mouth	 is	
known	as	a	bolus.	
	
What	is	Saliva?	
Saliva	is	a	liquid	secreted	by	three	pairs	of	salivary	glands	

• It	 contains	 water,	 mucus	 and	 the	 enzyme	 salivary	
amylase.	

	
The	functions	of	Saliva	

• To	lubricate	the	food	with	mucus,	making	it	easier	to	masticate	and	swallow.	
• To	start	digestion:	it	contains	the	enzyme	salivary	amylase	(ptyalin),	which	acts	on	cooked	

starch	(a	carbohydrate)	turning	it	into	shorter	polysaccharides.	
• Reduces	the	growth	of	bacteria	to	keep	the	mouth	and	teeth	clean.	

	
What	is	an	enzyme?	
Enzymes	are	an	 important	part	of	 the	process.	They	are	made	of	protein	and	act	at	 catalysts	 i.e.	
they	make	chemical	changes	happen	in	other	substances,	whilst	themselves	remaining	unchanged.	
They	act	on	food,	changing	it	into	smaller	particles.	
	
What	is	the	Tongue?	
	
STRUCTURE	
The	tongue	is	a	muscular	organ,	covered	with	a	membrane.	It	is	held	in	place	by	attachments	to	the	
mandible	 (lower	 jaw)	 and	 the	 hyoid	 bone.	 Tiny	 projections	 known	 as	 papillae	 cover	 the	 top,	
increasing	its	surface	area	and	producing	a	rough	texture.	Sensory	nerve	endings	in	the	papillae	form	
what	we	commonly	know	as	taste	buds.	
	
FUNCTION	
The	tongue	has	3	digestive	functions:		
1. Taste:	 the	 tongue	 is	 covered	with	 thousands	of	 taste	buds,	which	 are	 sensitive	 to	 salt,	 sweet,	

sour	and	bitter	chemicals	in	food	and	drink.	They	help	us	enjoy	what	we	eat	and	drink	and	acts	
as	the	first	line	of	defence,	warning	us	when	food,	drink	or	foreign	matter	is	off	or	inedible.	

2. Chewing:	 the	 tongue	aids	chewing	by	moving	 food	around	the	mouth,	pushing	 it	between	the	
teeth	and	covering	 it	with	saliva,	which	contains	enzymes	that	start	 the	digestive	process.	The	
food	is	turned	into	a	partially	digested	mass	known	as	a	bolus.	

3. Swallowing:	when	the	food	is	ready	to	travel	to	the	stomach,	the	tongue	pushes	it	to	the	back	of	
the	mouth.		

	
How	does	food	get	from	the	mouth	to	the	stomach?	
Via	 the	 action	 of	 swallowing	 and	 through	 the	 portion	 of	 the	 gastro-intestinal	 tract	 known	 as	 the	
Oesophagus.		
	
The	 tongue	 pushes	 the	 bolus	 to	 the	 back	 of	 the	 mouth,	 towards	 the	 pharynx,	 a	 muscular	 tube	
behind	the	mouth.		



 
 

128 

The	food	passes	into	the	pharynx	and	down	to	the	Oesophagus.		
The	Epiglottis,	a	 small	 flap	of	 cartilage,	which	 forms	part	of	 the	 larynx	 (the	windpipe)	moves	up	
and	forward,	blocking	the	entrance	to	the	larynx.	This	stops	the	food	from	‘going	down	the	wrong	
way’	and	prevents	choking.	
	
What	is	the	Oesophagus?		
Structure	
The	 oesophagus	 is	 a	muscular	 tube,	which	 leads	 from	
the	pharynx,	at	the	back	of	the	mouth,	to	the	stomach,	
the	first	main	organ	of	digestion.	
	
Function	
To	propel	chewed	food	(bolus)	from	the	pharynx	to	the	
stomach.	 Food	 moves	 along	 it	 by	 a	 muscular	
contraction	 known	 as	 peristalsis.	 The	 muscle	 fibres	
contract	and	relax	which	acts	 like	a	wave	on	the	tube,	
pushing	the	bolus	forwards.	The	lining	of	the	oesophagus	secretes	mucus	to	ease	and	lubricate	the	
passage	of	food.	
	
What	is	the	Stomach?	
	
Structure	
The	stomach	is	a	J	shaped,	elastic	organ,	which	expands,	and	
contracts	depending	on	what	is	in	it.	Food	enters	it	from	the	
oesophagus	 via	 the	 cardiac	 sphincter,	 a	 valve	 that	 stops	
back	 flow	of	 the	 stomach’s	 contents,	 and	 leaves	 it	 through	
the	 pyloric	 sphincter	 into	 the	 duodenum,	 the	 first	 part	 of	
the	small	intestine.	The	wall	of	the	stomach	is	a	combination	
of	layers	of	muscle	fibre	with	an	inner	mucous	membrane.		
	
Function	

• Digests	proteins	through	the	action	of	enzymes	
• Churns	food	with	gastric	juices	
• Helps	 to	 lubricate	 the	 food	 by	 producing	 mucus	

(from	the	mucous	membrane)	
• Absorbs	alcohol	
• Kills	bacteria	by	producing	hydrochloric	acid	
• Storage	of	food	prior	to	its	passing	to	the	small	intestine	
• Chyme	is	the	semi	fluid	mass	of	partly	digested	food	that	is	expelled	by	the	stomach	into	the	

duodenum	and	moves	through	the	intestines	during	digestion.		
	
Gastric	Juices	contain:	
Hydrochloric	Acid:	neutralises	bacteria	and	activates	pepsin	
	
Pepsinogen	 (Pepsin):	 enzyme	 that	 acts	 on	 proteins	 turning	 them	 into	 polypeptides	 (peptones).	
(Polypeptides	 are	 chains	 of	amino	 acids.	Proteins	 are	 made	 up	 of	 one	 or	 more	 polypeptide	
molecules.)	 At	 this	 stage	 proteins	 have	 been	 partially	 digested	 and,	 along	with	 the	 carbohydrates	
such	as	starch,	which	were	partially	digested	in	the	mouth,	they	have	to	wait	until	the	small	intestine	
to	complete	digestion.	
	
Rennin:	enzyme	that	curdles	milk	protein	(only	in	infants)	
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The	chemistry	of	digestion	
The	whole	digestive	process	is	a	combination	of	different	chemical	reactions	that	act	on	the	food	we	
eat,	reducing	it	to	the	building	blocks	of	nutrients	for	absorption	and	used	by	the	body.	
	
Every	piece	of	food	we	eat	is	a	composed	of	fats,	carbohydrates	and	proteins.	These	must	be	broken	
down	into	their	relevant	chemical	compounds	in	order	for	the	body	to	use	them	i.e.	by	the	time	the	
bread	you	eat	reaches	your	muscles	as	energy	it	has	been	chewed,	churned,	liquefied	and	the	starch	
changed	to	useable	glucose.		
The	following	shows	the	main	chemical	reactions	and	breakdowns	at	different	stages	of	digestion.	
	
Proteins	
	
Proteins	 foods	 include	dairy	products,	meat,	 fish	and	beans.	
They	are	made	up	of	 interlinked	polypeptide	 chains	and	are	
the	building	block	material	for	the	body	used	for	growth	and	
repair.	In	order	to	be	used	by	the	body	they	must	be	broken	
down	into	their	smaller	components-	amino	acids.		
	
There	are	approximately	20	amino	acids	classified	by	whether	
they	 are	 essential	 (those	 the	 body	 cannot	make,	 that	 must	
therefore	 be	 supplied	 in	 the	 diet)	 and	 non-essential	 (those	
the	body	can	make).		
	
Proteins	 are	 broken	 down	 in	 the	 body	 by	 the	 following	
processes:	
	
Stomach	
The	 enzyme	 pepsin	 begins	 the	 digestion	 of	 proteins	 in	 the	 stomach	 by	 breaking	 them	 down	 into	
large	polypeptides.	(Peptones)	
	
Small	intestine	
Trypsinogen	 is	 a	 substance	 that	 is	 normally	 produced	 in	the	 pancreas	and	 released	 into	 the	 small	
intestine.	Trypsinogen	is	converted	to	trypsin	
Trypsin	from	the	pancreas	breaks	the	large	polypeptides	into	smaller	chains.	
Finally,	enzymes	from	the	intestine,	including	aminopeptidase,	break-up	the	small	polypeptides	into	
individual	amino	acids	ready	for	absorption.	
	
Fats	
Fats	 are	 classified	 into	 saturated,	 monounsaturated	 or	
polyunsaturated	categories.		
Saturated	fats	can	be	found	in	dairy	products	and	meat.		
Monounsaturated	fats	can	be	found	in	olive	oil	and	avocados.		
Polyunsaturated	 fats	 can	 be	 found	 in	 sunflower	 oil	 and	 oily	
fish.	Some	polyunsaturated	fats	cannot	be	made	by	the	body	
and	are	therefore	also	classified	as	essential	fats	and	must	be	
consumed	in	the	diet.		
	
In	order	to	be	used	by	the	body,	fats	must	be	broken	down	to	
fatty	acids	and	glycerol.		
	
Fats	are	broken	down	in	the	body	by	the	following	processes:	
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Small	Intestine	
• Fats	 are	 emulsified	 by	 bile	 salts	 from	 the	 liver	 (i.e.	 turned	 into	 liquid	 form	 and	 carried	 in	

another	liquid-	Bile)	
• Lipase	from	the	pancreas	breaks	down	emulsifies	fats	into	fatty	acids	and	glycerol	ready	for	

absorption.	
	
	
Carbohydrates	
Carbohydrates	are	classified	as	monosaccharides,	disaccharides	or	polysaccharides.	
	
Monosaccharides	 include	 fructose	 in	
fruit		
Diasaccharides	 include	 lactose	 in	
milk	
Polysaccharides	 include	 starch	 and	
fibre	 in	 cereals,	 potatoes	 and	 other	
plant	sources,	and	glycogen	in	meat.	
	
All	 carbohydrates	 are	 broken	 down	
into	monosaccharides	for	absorption	
and	all	eventually	become	glucose	to	
supply	the	body	with	energy.	
	
Carbohydrates	are	broken	down	in	the	body	by	the	following	processes:	
	
Mouth	
Salivary	amylase	begins	the	breakdown	of	polysaccharides		
	
Small	Intestine	
Intestinal	amylase	breaks	down	polysaccharides	to	disaccharides	
Maltase	(breaks	down	maltose;	a	sugar	produced	by	the	breakdown	of	starch)	
Lactase	(an	enzyme	that	helps	to	digest	lactose-	sugar	in	milk)	
Sucrase	(hydrolyses	sucrose)	converts	disaccharides	to	monosaccharides	ready	for	absorption	
	
	
The	Small	Intestine	
	
The	small	intestine,	ironically,	is	not	that	small.	It	is	7	metres	long	and	divided	into	3	different	parts:	

1. The	duodenum	
2. The	jejunum	
3. The	ileum	

The	walls	 have	 several	 layers,	 including	 a	muscular	 layer,	 a	 layer	 containing	 blood	 vessels,	 lymph	
vessels	and	nerves	and	an	inner	mucous	membrane.	
The	 inner	 wall	 is	 covered	 with	 villi,	 tiny	 finger-like	 projections	 that	 increase	 the	 surface	 area	 for	
absorption	and	contain	a	network	of	blood	and	lymph	vessels	
	
What	does	it	do?		
Completion	 of	 the	 chemical	 digestion	 of	 food	 and	 the	 subsequent	 absorption	 of	 nutrients	 takes	
place	in	the	small	intestine.	
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90%	of	Nutrients	are	absorbed	through	the	villi	into	the	blood	and	lymph	vessels.	Hardly	any	food	is	
absorbed	elsewhere	in	the	digestive	system.	

	
How	does	digestion	and	absorption	take	place	in	the	small	intestine?	
	
1. Peristaltic	 movements	 mix	 food	 with	 intestinal	 and	 pancreatic	 juices	 as	 well	 as	 bile.	 The	

movements	push	the	food	against	the	villi.	Intestinal	juices	are	composed	of	enzymes:	
	

• Maltase,	sucrase	and	lactase	which	split	disaccharides	into	monosaccharides	
• Enterokinase	which	activates	trypsin	in	pancreatic	juice	
• Peptidases	which	split	polypeptides	into	amino	acids	

	
2. Absorption:	digested	food	is	absorbed	by	either	active	transport	or	diffusion	
Most	nutrients,	including	amino	acids	and	sugars,	are	absorbed	by	active	transport	through	the	walls	
of	the	villi	where	they	enter	the	blood	stream	and	are	carried	to	the	liver	in	the	hepatic	portal	vein.		
	
Fats,	fatty	acids	and	glycerol	diffuse	into	the	lacteals	(lymphatic	capillaries).	They	are	called	lacteals	
because	the	fat	passes	into	them	in	suspension,	causing	the	lymph	to	look	milky.	
The	lacteals	and	Peyer’s	Patches	protect	the	digestive	system	from	infection.	It	is	the	only	section	of	
the	digestive	system	with	a	direct	link	to	the	protective	lymphatic	system.	
	
What	is	the	Large	Intestine?		
	
The	large	intestine	deals	with	waste.	It	is	about	1.5m	long	and	sits	draped	around	the	small	intestine,	
in	an	arch	shape.	It	consists	of	the:		

ì Caecum	
ì Appendix	
ì Ascending,	transverse	and	descending	Colon	
ì Rectum	
ì Anal	Canal	
ì Anus	
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Caecum:	 A	 small	 pouch;	 the	 ileum	 empties	 its	 contents	 into	 the	 caecum	 through	 the	 ileo-caecal	
valve.	
	
Appendix:	Narrow	tube	of	lymphoid	tissue	attached	to	the	caecum,	which	is	about	9cm	long.	
	
Colon-	Ascending,	transverse	and	descending	Colon	
	
Rectum:	 about	 12cm	 long.	 Passes	 from	 the	 colon	 through	 the	 pelvic	 cavity	 to	 the	 anal	 canal,	
terminating	in	the	anus.	It	is	empty	until	just	before	defecation.	Acts	temporarily	as	a	storage	site	for	
faeces.	
Anal	Canal:	it	is	1.5	inches	long,	controls	the	expulsion	of	faeces.	
	
Anus:	opening	with	2	sphincters,	an	inner	involuntary	and	an	outer	voluntary	sphincter	muscle.	
	
Functions	of	the	Large	Intestine	
	
Reabsorb	water,	salt,	glucose	and	nutrients	from	the	digestive	waste	and	to	get	rid	of	waste.	

	
Whatever	 remains	 of	 the	 food,	 once	 it	 has	 been	 through	 the	 process	 of	 mixing,	 conversion	 and	
absorption	 carried	 out	 in	 the	 stomach	 and	 small	 intestine,	 is	 passed	 into	 the	 large	 intestine.	 Any	
remaining	 nutrients	 like	 cellulose	 and	 undigested	 protein	 are	 prepared	 by	 bacterial	 action	 and	
excreted	as	faeces.	
	
Faeces	 are	 the	 unwanted	 leftovers	 from	 food,	 combined	 with	 cellulose	 (roughage	 which	 is	
indigestible,	found	in	foods	like	veg	and	bran),	dead	blood	cells,	bacteria	(both	living	and	dead),	fatty	
acids	and	mucus,	used	to	help	move	the	faeces	through	the	large	intestine.	The	colour	comes	from	
the	dead	blood	cells	and	bilirubin,	a	bile	pigment.	
	
Accessory	Organs	(these	are	not	part	of	the	alimentary	canal)		
There	 are	 several	 other	 organs	 involved	 in	 the	 digestive	 process:	 the	 tongue,	 teeth	 and	 salivary	
glands,	liver,	pancreas	and	gallbladder.		
	
They	are	known	as	accessory	organs	because,	although	they	do	not	form	part	of	the	gastrointestinal	
tract,	 they	help	 the	digestive	process	by	breaking	down	foodstuffs	and	 the	 toxins/waste	produced	
during	digestion.		
What	is	the	Liver?		
It	is	the	largest	gland	in	the	body,	the	liver	sits	at	the	top	of	the	abdomen,	just	below	the	diaphragm	
and	just	above	and	to	the	right	of	the	medial	line.		
It	is	vital	because	it	performs	many	essential	functions	
	
Liver	Functions	
The	liver	is	vital	for	cleansing	and	storage	as	well	as	production.	
	

Ø It	Removes:	
• Toxins	from	drugs,	alcohol	and	harmful	substances	
• Nitrogen	from	Amino	acids	

Ø It	Stores:	
• Vitamins:	A,	B12,	D,	E,	K	
• Glycogen	(a	compound	that	stores	energy)	
• Iron,	from	the	breakdown	of	red	blood	cells	and	food	
• Fats	
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Ø It	Produces:	
• Heat	(the	 liver	 is	the	body’s	radiator,	producing	more	heat	than	any	other	organ	as	a	

result	of	its	various	functions)	
• Vitamin	A	(from	carotene,	found	in	green-leafed	vegetables	and	carrots)	
• Vitamin	D		
• Heparin	(used	to	prevent	blood	clots)	
• Plasma	proteins:	albumin,	globulin,	prothrombin	and	fibrinogen	
• Secrets	Bile-	stored	in	the	gall	bladder	
• Uric	 Acid	 and	 Urea,	 from	 breakdown	 of	 red	 blood	 cells	 and	 de-animation	 of	 amino	

acids	
Ø It	Converts:	

• Stored	 (saturated)	 fat	 into	 other	 fat	
products	(like	cholesterol)	

• Glycogen	 to	 glucose,	 when	 energy	 is	
needed	

• Glucose	back	to	glycogen,	in	presence	
of	insulin.	

• Metabolises	protein	
	
What	is	the	Gall	Bladder?		
	
A	 pear	 shaped	 sac	 attached	 by	 the	 cystic	 and	 bile	
ducts	to	the	posterior	of	the	liver.	Whenever	there	
is	 excess	 bile	 secreted	by	 the	 liver,	which	 can’t	 be	
used	immediately	for	digestion,	the	bile	passes	first	
along	the	bile	duct	then	along	the	cystic	duct	to	the	
gall	bladder	where	it	will	be	stored	until	needed.	
	
Functions:	

ì Reservoir	for	bile	(from	liver)	
ì Secretes	mucus	to	add	to	bile	
ì Absorbs	water	from	bile,	making	it	more	concentrated	
ì Contracts	in	order	to	empty	bile	into	the	duodenum.	

	
What	is	Bile?	
	
Bile	 is	 a	 thick	 liquid	 produced	 in	 the	 liver	 as	 a	
result	 of	 the	 breakdown	 of	 red	 blood	 cells.	 It	
contains	salts,	bile	pigments,	acids	and	water.	
Bile	 emulsifies	 fat,	 stimulating	 peristalsis	 and	
creating	alkaline	conditions	in	the	small	intestine.	
	
The	Pancreas	
	
The	 Pancreas	 is	 a	 gland	 situated	 behind	 the	
stomach,	between	the	duodenum	and	the	spleen.	
It	 delivers	 pancreatic	 juices	 to	 the	 duodenum	
through	 the	 pancreatic	 duct.	 The	 cells	 of	 the	
pancreas	are	divided	into	the	Islets	of	Langerhans	
(which	 produce	 insulin	 and	 glucagon)	 and	 a	
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network	of	alveoli	(small	sac-like	cavities).	The	alveoli	are	lined	with	cells	that	produce	enzymes.	
	
Functions:	the	pancreas	works	with	both	the	digestive	and	endocrine	systems.	It	produces	enzymes	
to	 breakdown	 food,	 the	 hormone	 insulin,	 which	 regulates	 the	 blood	 sugar	 levels	 after	 eating	 by	
causing	the	conversion	of	glucose	to	glycogen	for	storage	in	the	liver	and	muscles,	and	the	hormone	
glucagon,	which	converts	glycogen	back	to	glucose.	
	
Pancreatic	juices	contain:	

ì Lipase	(fat	digestion)	
ì Amylase	(starch	digestion)	
ì Trypsin	(protein	digestion)	

	
What	is	Insulin?	
Insulin	is	a	hormone	secreted	by	specialised	cells	in	the	pancreas	known	as	the	Islets	of	Langerhans.	
It	regulates	blood	sugar	levels.	When	we	eat,	the	blood	sugar	levels	rise.	The	sugar	in	the	blood	is	in	
the	form	of	glucose.	Insulin	helps	cells	absorb	glucose	and	turns	any	excess	glucose	into	glycogen,	an	
insoluble	sugar	that	is	stored	in	the	liver	until	the	body	needs	it.		Thus	the	blood	sugar	level	drops.	A	
lack	of	insulin	causes	DIABETES	MELLITUS.		
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PATHOLOGIES	
	
Ulcers:	An	excessive	amount	of	acid	in	the	gastric	and	intestinal	juices	causes	a	break	in	the	lining	of	
the	alimentary	canal.	
	
Heartburn/	 Hyper	 Acidity:	Gastric	 juices	 together	with	 the	 contents	 of	 the	 stomach	 re	 enter	 the	
oesophagus	causing	inflammation	to	its	lining.	
	
Irritable	 Bowel	 Syndrome:	 Disease	 of	 the	 gastrointestinal	 tract,	 symptoms	 include	 bouts	 of	
diarrhoea,	constipation	or	bloating.	It	may	be	connected	to	allergies,	food	sensitivities	and	stress.	
	
Constipation-	Constipation	 is	 common	and	 it	 affects	people	of	all	 ages.	 You	can	usually	 treat	 it	 at	
home	with	simple	changes	to	your	diet	and	lifestyle.	It's	likely	to	be	constipation	if:	

• You	have	not	had	a	poo	at	least	3	times	during	the	last	week	
• The	poo	is	often	large	and	dry,	hard	or	lumpy	
• You	are	straining	or	in	pain	when	you	have	a	poo	

	
Gall	Stones-	Gallstones	are	small	stones,	usually	made	of	cholesterol,	that	form	in	the	gallbladder.	In	
most	cases,	they	do	not	cause	any	symptoms	and	do	not	need	to	be	treated.	

Coeliac’s	 Disease-	 Coeliac	 disease	 is	 a	 condition	 where	 your	 immune	 system	 attacks	 your	 own	
tissues	when	you	eat	gluten.	This	damages	your	gut	 (small	 intestine)	 so	you	are	unable	 to	 take	 in	
nutrients.	

Appendicitis	 -	 Appendicitis	 is	 a	 painful	 swelling	 and	 inflammation	 of	 the	 appendix.	 Appendicitis	
typically	starts	with	a	pain	in	the	middle	of	your	tummy	(abdomen)	that	may	come	and	go.	
Within	 hours,	 the	 pain	 travels	 to	 the	 lower	 right-hand	 side,	where	 the	 appendix	 usually	 lies,	 and	
becomes	constant	and	severe.	
	
Cirrhosis	of	 the	Liver-	Cirrhosis	 is	 scarring	 (fibrosis)	of	 the	 liver	caused	by	 long-term	 liver	damage.	
The	 scar	 tissue	 prevents	 the	 liver	 working	 properly.	 Cirrhosis	 is	 sometimes	 called	 end-stage	 liver	
disease	because	it	happens	after	other	stages	of	damage	from	conditions	that	affect	the	liver,	such	
as	 hepatitis.	 Your	 liver	 may	 keep	 working	 even	 when	 you	 have	 cirrhosis.	 However,	 cirrhosis	 can	
eventually	lead	to	liver	failure,	and	you	can	get	serious	complications,	which	can	be	life	threatening.	

Jaundice-	 Jaundice	 is	 when	 your	 skin	 or	 the	 whites	 of	 your	 eyes	 turn	 yellow.	 It	 can	 be	 a	 sign	 of	
something	serious,	such	as	liver	disease,	so	you	need	to	get	urgent	medical	help.	Jaundice	is	caused	
by	 the	build-up	 in	 your	body	of	 a	 yellow	 substance	 called	bilirubin.	 This	 can	be	due	 to	 illness	e.g.	
gallstones,	hepatitis,	pancreatitis,	sickle	cell	disease	or	alcohol-related	liver	disease.	
	
Hernia	-	A	hernia	occurs	when	an	internal	part	of	the	body	pushes	through	a	weakness	in	the	muscle	
or	surrounding	tissue	wall.	
A	 hernia	 usually	develops	between	 your	 chest	 and	 hips.	 In	 many	 cases,	 it	 causes	 no	 or	 very	 few	
symptoms,	although	you	may	notice	a	swelling	or	lump	in	your	tummy	(abdomen)	or	groin.	
The	lump	can	often	be	pushed	back	in	or	disappears	when	you	lie	down.	Coughing	or	straining	may	
make	the	lump	appear.	
	



 
 

136 

Stress-	The	gut	has	hundreds	of	millions	of	neurons,	which	can	function	fairly	independently	and	are	
in	 constant	 communication	 with	 the	 brain—explaining	 the	 ability	 to	 feel	 “butterflies”	 in	 the	
stomach.	Stress	can	affect	this	brain-gut	communication,	and	may	trigger	pain,	bloating,	and	other	
gut	 discomfort	 to	 be	 felt	more	 easily.	 The	 gut	 is	 also	 inhabited	 by	millions	 of	 bacteria,	which	 can	
influence	its	health,	and	the	brain’s	health,	which	can	impact	the	ability	to	think	and	affect	emotions.	
Stress	is	associated	with	changes	in	gut	bacteria,	which	in	turn	can	influence	mood.	Thus,	the	gut’s	
nerves	and	bacteria	strongly	influence	the	brain	and	vice	versa.	
Early	life	stress	can	change	the	development	of	the	nervous	system	as	well	as	how	the	body	reacts	
to	stress.	These	changes	can	increase	the	risk	for	later	gut	diseases	or	dysfunctioning.	
Oesophagus		
When	stressed,	individuals	may	eat	much	more	or	much	less	than	usual.	More	or	different	foods,	or	
an	 increase	 in	 the	 use	 of	 alcohol	 or	 tobacco,	 can	 result	 in	 heartburn	 or	 acid	 reflux.	 Stress	 or	
exhaustion	 can	 also	 increase	 the	 severity	 of	 regularly	 occurring	 heartburn	 pain.	 A	 rare	 case	 of	
spasms	 in	 the	oesophagus	 can	be	 set	off	by	 intense	 stress	 and	 can	be	easily	mistaken	 for	 a	heart	
attack.	
Stress	 also	may	make	 swallowing	 foods	 difficult	 or	 increase	 the	 amount	 of	 air	 that	 is	 swallowed,	
which	increases	burping,	gassiness,	and	bloating.	
Stomach		
Stress	may	make	pain,	 bloating,	 nausea,	 and	other	 stomach	discomfort	 felt	more	 easily.	 Vomiting	
may	occur	if	the	stress	is	severe	enough.	Furthermore,	stress	may	cause	an	unnecessary	increase	or	
decrease	in	appetite.	Unhealthy	diets	may	in	turn	deteriorate	one’s	mood.	
Contrary	 to	 popular	 belief,	 stress	 does	 not	 increase	 acid	 production	 in	 the	 stomach,	 nor	 causes	
stomach	ulcers.	The	latter	are	actually	caused	by	a	bacterial	infection.	When	stressed,	ulcers	may	be	
more	bothersome.	
Bowel		
Stress	can	also	make	pain,	bloating,	or	discomfort	felt	more	easily	 in	the	bowels.	 It	can	affect	how	
quickly	 food	 moves	 through	 the	 body,	 which	 can	 cause	 either	 diarrhoea	 or	 constipation.	
Furthermore,	stress	can	induce	muscle	spasms	in	the	bowel,	which	can	be	painful.	
Stress	 can	 affect	 digestion	 and	 what	 nutrients	 the	 intestines	 absorb.	 Gas	 production	 related	 to	
nutrient	absorption	may	increase.	
The	intestines	have	a	tight	barrier	to	protect	the	body	from	(most)	food	related	bacteria.	Stress	can	
make	the	intestinal	barrier	weaker	and	allow	gut	bacteria	to	enter	the	body.	Although	most	of	these	
bacteria	are	easily	taken	care	of	by	the	immune	system	and	do	not	make	us	sick,	the	constant	low	
need	for	inflammatory	action	can	lead	to	chronic	mild	symptoms.	
Stress	especially	affects	people	with	chronic	bowel	disorders,	such	as	inflammatory	bowel	disease	or	
irritable	bowel	syndrome.	This	may	be	due	to	 the	gut	nerves	being	more	sensitive,	changes	 in	gut	
microbiota,	 changes	 in	 how	 quickly	 food	moves	 through	 the	 gut,	 and/or	 changes	 in	 gut	 immune	
responses.	
	
Anorexia	Nervosa-	Anorexia	is	an	eating	disorder	and	serious	mental	health	condition.	
People	who	have	anorexia	try	to	keep	their	weight	as	low	as	possible	by	not	eating	enough	food	or	
exercising	too	much,	or	both.	This	can	make	them	very	ill	because	they	start	to	starve.	
They	 often	 have	 a	 distorted	 image	 of	 their	 bodies,	 thinking	 they're	 fat	 even	 when	 they're	
underweight.	
Men	and	women	of	any	age	can	get	anorexia,	but	it's	most	common	in	young	women	and	typically	
starts	in	the	mid-teens.	
Bulimia-	Bulimia	is	an	eating	disorder	and	mental	health	condition.	
People	who	have	bulimia	go	through	periods	where	they	eat	a	lot	of	food	in	a	very	short	amount	of	
time	(binge	eating)	and	then	make	themselves	sick,	use	laxatives	(medicine	to	help	them	poo)	or	do	
excessive	exercise,	or	a	combination	of	these,	to	try	to	stop	themselves	gaining	weight.	
Anyone	can	get	bulimia,	but	it	is	more	common	in	young	people	aged	13	to	17.	
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THE	URINARY	SYSTEM	
	
The	urinary	system	is	one	of	the	human	body’s	waste	disposal	units	and	its	filtration	unit.	
	
Composed	of	the	kidneys,	ureters,	(tubes	connecting	kidneys	to	the	bladder),	bladder	and	urethra,	
this	system	helps	to	empty	the	body	of	potentially	harmful	waste	substances,	like	urea	and	alcohol.	
It	does	so	through	filtration	and	excretion.		
	
150-180	litres	of	fluid	are	processed	by	the	kidney	each	day	of	which	only	1.5	litres	is	urine.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
What	is	a	Kidney?		
	
A	kidney	 is	 a	 bean	 shaped	organ,	 about	 11cm	 long,	 6cm	wide	 and	3cm	deep.	 	Humans	have	2	of	
them,	positioned	on	the	posterior	wall	of	the	abdomen,	either	side	of	the	spine,	in	the	upper	lumbar	
part	of	the	back.		
	
On	 its	way	 through	 the	body	 about	 a	 quarter	 of	 the	 total	 blood	 in	 circulation	passes	 through	 the	
kidneys	in	order	to	be	filtered	of	toxic	substances	before	re-circulating.	The	kidney	regulates	blood	
volume	and	pH.	They	have	a	tough	outer	fibrous	tissue	or	capsule.	
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Kidney	Structure	
A	kidney’s	structure	has	two	distinct	parts:	the	cortex	on	the	outside	and	the	medulla	on	the	inside.	
The	medulla	leads	into	an	area	called	the	pelvis	(sometimes	called	the	renal	pelvis).	
	
CORTEX	
This	 is	 the	 external	 part	 of	 the	 kidney.	 The	 cortex	 contains	 the	 Bowman’s	 capsule	 part	 of	 the	
nephron.	
MEDULLA	
This	is	the	internal	part	of	the	kidney.	Divided	into	lobes	called	renal	pyramids,	which	lead	to	calyces	
joining	to	form	the	renal	pelvis,	which	opens	into	the	ureters.	

The	 concave	 centre	 of	 the	 kidney	 is	 known	 as	 the	 HILUM	 and	 it	 is	 here	 that	 the	 renal	 artery,	
lymphatic	vessels	and	renal	nerves	enter	the	organ	and	the	upper	expanded	part	of	the	ureter-	the	
pelvis	and	renal	vein	leave	the	organ.	The	pelvis	is	divided	into	branches	called	calyces.	
	
Kidney	 tissue	 is	 made	 up	 of	 over	 a	 million	 twisted	 tubes	 called	 nephrons	 and	 collecting	 tubules	
which	do	the	kidneys’	work	of	filtration	and	excretion.	
Functions:	to	filter	the	blood,	reabsorb	useful	materials	needed	by	the	body	and	to	form	urine.	
	
What	is	the	renal	pelvis?	
The	renal	pelvis	is	a	funnel	shaped	cavity,	which	connects	the	medulla	to	the	ureter.	
It	collects	urine	from	the	tubules	in	the	medulla	and	passes	it	into	the	ureter.	
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What	are	ureters?	
The	 tubes,	which	connect	 the	kidneys	 to	 the	bladder.	2	Muscular	 tubes	measuring	25cm	 long	and	
only	3mm	wide.		
The	outer	 layer	 is	made	of	 fibrous	 tissue,	middle	 layer	 is	 involuntary	muscle	and	the	 inner	 layer	 is	
epithelial	tissue.	
The	 ureters	 take	 urine	 from	 the	 kidneys	 to	 the	 bladder.	 The	 presence	 of	 urine	 inside	 them	
stimulates	a	mechanical	contraction	(peristalsis),	which	propels	the	fluid	forwards.	
	
What	is	the	bladder?		
Sometimes	called	the	urinary	bladder,	this	is	a	sac-	like	organ	in	the	pelvic	cavity.	It	is	a	reservoir	for	
urine,	pear	shaped	muscular	sac.	
The	2	ureters	lead	into	the	bladder	and	the	urethra	leads	out.	
It	has	an	outer	serous	membrane,	the	middle	layer	is	involuntary	muscle	and	then	there	is	the	sub-
mucous	and	mucous	layer.	
When	 about	 200-300ml	 of	 urine	 has	 been	 collected,	 the	 presence	 of	 the	 liquid	 stimulates	 the	
autonomic	 nerve	 endings	 in	 the	
bladder	walls	and	the	walls	contract.	
These	 nerve	 endings	 activate	 the	
involuntary	sphincter	muscle,	which	
relaxes	when	the	walls	contract,	thus	
opening	and	emptying	the	urine	into	
the	urethra.	
	
	
	
	
	
What	is	the	urethra?	
The	urethra	is	a	narrow	tube	passing	
from	 the	 bladder	 to	 the	 outside	 of	
the	 body.	 It	 has	 an	 external	
sphincter	 muscle,	 which	 is	
voluntarily	controlled	by	the	central	
nervous	 system.	 It	 is	 shorter	 in	
women,	4cm,	and	carries	only	urine.	
As	 it	 is	 shorter,	 women	 are	 more	
susceptible	 to	 infection.	 In	men	 it	 is	
20cm	 long	 and	 carries	 urine	 or	
semen.	
The	 urethra	 takes	 urine	 from	 inside	
the	 body	 (the	 bladder)	 to	 outside.	
The	 process	 of	 passing	 urine	 is	
called	micturition.	
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Structure	of	a	nephron	(the	filtrating	unit	of	the	Kidneys)	
Each	nephron	consists	of	a	cup	like	structure	called	the	Bowman’s	Capsule,	situated	in	the	cortex	of	
the	kidney.	 Inside	the	Bowman’s	capsule	 is	 the	Glomerulus-	a	group	of	blood	capillaries	 from	the	
renal	artery.	
One	end	of	the	Bowman’s	capsule	opens	into	the	proximal	convoluted	tubule,	also	situated	in	the	
cortex	of	the	kidney.	
The	tubule	then	dips	down	into	the	medulla	where	it	is	known	as	the	Loop	of	Henlé.	It	returns	to	
the	cortex	as	the	distal	convoluted	tubule,	before	it	finally	passes	back	through	the	medulla	to	form	
the	collecting	tubule.	
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GLOMERULUS	
The	afferent	blood	vessel	 is	wider	and	 leads	 into	the	Glomerulus	and	the	narrower	efferent	vessel	
leads	away.	This	produces	a	higher	pressure	in	the	glomerulus.	
	
Substances	such	as	water,	salts,	amino	acids,	fatty	acids,	glucose,	urea,	uric	acid	and	mineral	salts	
pass	from	the	blood	and	enter	the	capsule.	
	
RENAL	TUBULE	
This	 is	 divided	 into	 3	 parts:	 the	 proximal	 convoluted	 tubule,	 Loop	 of	 Henlé	 and	 the	 distal	
convoluted	tubule	which	then	opens	up	into	a	collecting	tubule.	
	
Functions	Of	the	Kidneys	
	

• Maintenance	of	water	balance	of	the	body-	perspiration	causes	less	urine	to	be	excreted.	In	
cold	weather	less	water	is	lost	through	the	skin	therefore	more	is	excreted	in	urine.	(Blood	
volume	is	controlled	due	to	increase	or	decrease	of	water.)	

	
• Maintenance	of	alkalinity	of	the	blood-	ph7.4	by	removing	acids	e.g.	Urea,	uric	acid	etc.	If	

alkaline	 substances	e.g.	Calcium,	 sodium,	potassium	and	magnesium	 levels	are	high	 in	 the	
blood;	these	salts	must	be	excreted	to	maintain	the	balance.	

	
• Excretion	of	toxins	and	drugs	

	
• The	kidneys	filter	about	1	pint	of	blood	a	minute	

	
• Blood	is	filtered	into	nutrients	and	waste	products	

	
• Nutrients	reabsorbed	into	the	blood	are	water,	glucose,	vitamins,	minerals,	and	hormones.	

	
• The	waste	products	that	form	urine	are:	urea,	uric	acid,	drugs	and	toxins	

	
Urine	Composition:		

• 96%	water,	2%	urea,	2%	uric	acid	
• Trace	 salts-	 sodium,	 chlorides,	 phosphates,	 potassium,	 sulphates,	 excess	 vitamins	 and	

ammonia.	Colour	is	formed	from	bilirubin	(bile	pigment)			
	
Formation	of	Urine	
	
Urine	is	formed	in	the	kidneys	through	the	process	of	filtering	blood	by	the	nephrons	of	the	kidneys.		
On	an	average	temperature	day,	your	body	will	usually	produce	about	1	 to	2	quarts	of	urine.	Cold	
weather	will	result	in	your	body	needing	to	filter	more	blood	than	normal	as	blood	is	rushing	to	your	
vital	organs	at	a	higher	frequency.	This	results	in	you	having	to	pee	more	often.	
	
You	 might	 notice	 that	 in	 hot	 weather,	 you	 only	produce	 small	 volumes	 of	 urine	as	 the	 body	 is	
fighting	to	conserve	water.	If	water	is	in	excess,	ADH	levels	are	reduced	limiting	the	amount	of	water	
resorbed	back	into	the	blood	but	increasing	the	volume	eliminated	in	the	urine.	
	
During	 exercise	 and	 heat	 stress,	 both	glomerular	 filtration	 and	 renal	 blood	 flow	 are	 markedly	
reduced,	 resulting	 in	 decreased	 urine	 output.	 Therefore,	 when	 fluids	 are	 over	 consumed	 during	
exercise	 (hyperhydration),	 there	may	 be	 a	 reduced	 ability	 to	 produce	 urine	 to	 excrete	 the	 excess	
volume.	We	lose	waste	and	water	through	sweating.	
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The	process	of	urine	formation	occurs	in	two	phases:		
1. Simple	 Filtration-	 Substances	 from	 the	 blood,	 if	 small	 enough,	 will	 filter	 through	 the	

glomerulus.	 These	 include	 water,	 salts,	 amino	 acids,	 fatty	 acids,	 glucose,	 urea,	 uric	 acid,	
hormones,	 toxins	and	various	mineral	 salts.	Contents	of	 the	blood	such	as	 red	blood	cells,	
white	blood	 cells	 and	plasma	proteins	 are	 larger	 and	do	not	 leave	 the	glomerulus	 as	 they	
cannot	pass	through	the	semi-permeable	membrane.	
	

2. Selective	Reabsorption-	This	takes	place	mainly	 in	the	convoluted	tubules.	The	function	of	
the	 kidneys	 is	 to	 maintain	 the	 alkalinity	 of	 the	 blood	 by	 removing	 excess	 salts	 and	 acid	
substances	but	not	to	excrete	glucose,	amino	acids,	fatty	acids	and	hormones,	which	are	of	
value.	Therefore	some	selection	and	reabsorption	takes	place	in	the	Loop	of	Henlé.	

Substances	 of	 value	 such	 as	 glucose	 and	 amino	 acids	 are	 reabsorbed	 into	 the	 bloodstream	 and	
substances	such	as	urea	and	uric	acid	remain	in	the	tubule	to	be	excreted.	
This	passes	via	the	collecting	tubules	and	calyx	into	the	pelvis	of	the	kidney	and	down	the	ureters	by	
peristaltic	action	of	 its	walls	 to	enter	 the	bladder	 in	a	series	of	squirts	and	remains	there	until	 the	
organ	is	emptied.	
	
SECRETION-	This	takes	place	between	the	capillaries	and	the	convoluted	tubules.	This	process	caters	
for	 substances,	 which	 were	 missed	 in	 stage	 one	 (usually	 because	 they	 passed	 through	 the	
glomerulus	too	quickly).	It	involves	substances	like	drugs	and	foreign	materials.	
	
ELECTROLYTE	BALANCE-	Maintenance	of	sodium	concentration	by	the	hormone	Aldosterone,	which	
is	 produced	 by	 the	 cortex	 of	 the	 adrenal	 gland,	 influences	 the	 reabsorption	 of	 sodium	 from	 the	
filtrate.	When	sodium	(Na)	reabsorption	 increases,	potassium	(K)	excretion	 increases.	Na	 is	high	 in	
concentration	in	gastric	juices	and	K	is	high	in	pancreatic	and	intestinal	juices.	
	
WATER	 BALANCE-	 the	 amount	 of	 water	 present	 in	 the	 body	 is	 controlled	 by	 the	 anti-diuretic	
hormone	released	by	the	posterior	lobe	of	the	pituitary	gland.	This	acts	on	the	tubules	of	the	kidneys	
by	increasing	the	rate	at	which	water	is	reabsorbed	and	returned	to	the	circulating	blood.	
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PATHOLOGIES	
	
Kidney	stones	-	excess	salts	in	the	blood	form	into	crystals	obstructing	flow	of	urine	
	
Cystitis	-	inflammation	of	the	bladder	causing	frequent,	painful	passing	of	urine	
	
Nephritis	-	Nephritis	is	the	inflammation	of	the	kidneys.	It	has	a	range	of	causes	and	can	be	acute	or	
chronic.	Early	symptoms	may	 include	changes	 in	 the	colour	of	 the	urine	and	swelling	of	 the	hands	
and	 feet.	 Anyone	 who	 notices	 changes	 in	 their	 urine	 should	 visit	 a	 doctor	 to	 check	 for	 kidney	
damage.	
	
Diabetes	insipidus	is	a	rare	condition	where	you	produce	a	large	amount	of	urine	and	often	feel	
thirsty.	Diabetes	insipidus	isn't	related	to	diabetes	mellitus	(usually	just	known	as	diabetes),	but	it	
does	share	some	of	the	same	signs	and	symptoms.	
The	two	main	symptoms	of	diabetes	insipidus	are:	

v Thirst	(polydipsia)	
v Passing	large	amounts	of	urine	even	at	night	(polyuria)	

In	very	severe	cases	of	diabetes	insipidus,	up	to	20	litres	of	urine	can	be	passed	in	a	day.	
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REPRODUCTIVE	SYSTEM	
	
Unlike	many	of	the	other	anatomical	systems	in	the	body,	the	organs	in	this	system	differ	completely	in	
men	and	women.	In	men,	they	include	the	prostate	gland,	testes,	testicular	vessels,	penis	and	scrotum	
and	in	women	they	include	the	ovaries,	fallopian	tubes,	uterus,	cervix,	vagina	and	labia.	In	both	sexes,	
the	pelvic	girdle	is	the	bony	cavity,	which	protects	the	organs.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
The	Male	Reproductive	System	
The	Male	Reproductive	System	is	more	visible	than	the	female	system,	with	most	of	the	organs	outside	
the	body.	This,	as	you	will	discover,	is	for	a	very	good	reason.	The	male	hormone,	testosterone	is	the	key	
male	sex	hormone	that	regulates	fertility,	muscle	mass,	fat	distribution,	and	red	blood	cell	production.	
		
The	Prostate	Gland		
The	prostate	is	a	walnut-sized	gland	located	between	the	bladder	and	the	penis.	The	prostate	is	just	in	
front	of	the	rectum.	The	urethra	runs	through	the	centre	of	the	prostate,	from	the	bladder	to	the	penis,	
letting	urine	flow	out	of	the	body.	
The	prostate	secretes	fluid	that	nourishes	and	protects	sperm.	During	ejaculation,	the	prostate	squeezes	
this	fluid	into	the	urethra,	and	it’s	expelled	with	sperm	as	semen.	One	part	of	this	fluid	helps	keep	the	
lining	of	the	urethra	moist	and	the	other	is	part	of	the	seminal	fluids,	which	help	semen	to	travel	along	
the	urethra	and	into	the	female.	
		
The	Testes	
These	 are	 the	male	 gonads.	 They	 are	 2	 glands	 contained	within	 a	 sac	 of	 skin	 and	muscle	 called	 the	
scrotum.	They	develop	in	the	abdomen	before	descending	into	the	scrotum	just	before	birth.	
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The	testes	produce	spermatozoa	(also	known	as	sperm)	and	the	male	sex	hormone	testosterone,	which	
is	responsible	for	male	sexual	characteristics.	Spermatozoa	develops	in	the	testes,	and	are	also	stored	
there	because	they	must	be	kept	at	a	slightly	 lower	temperature	than	the	average	body	temperature	
(35°C)		
	
Testicular	Vessels	
The	 testicular	 vessels	 are	 the	 epididymis	 and	 the	 vas	 deferens,	 two	 tubes	 which	 form	 the	
passageway	from	the	testes	to	the	urethra.		
	
Epididymis	
The	epididymis	 is	a	 tightly	coiled	tube.	 It	opens	 from	the	top	of	each	testis,	continues	down	along	
the	side	of	 the	gland	then	straightens	out	 into	the	vas	deferens.	 It	 stores	and	transports	sperm	as	
well	as	acting	as	a	site	where	immature	sperm	can	develop.	
	
Vas	Deferens	
A	duct	with	muscular	walls	leading	from	the	Epididymis	to	the	urethra.	It	acts	as	a	passageway	for	the	
transfer	of	sperm	from	the	storage	site	of	the	epididymis	to	the	prostatic	urethra	and	eventually	to	the	
penis.	This	occurs	during	sexual	activity.	By	contracting	its	muscular	walls	the	vas	deferens	pushes	the	
sperm	forward.	
	
Scrotum	
The	scrotum	is	an	anatomical	male	reproductive	structure	that	consists	of	a	suspended	sack	of	skin	and	
smooth	muscle	that	 is	dual-chambered,	present	 in	most	terrestrial	male	mammals	and	 located	under	
the	penis.	One	testis	is	typically	lower	than	the	other,	which	functions	to	avoid	compression	in	the	event	
of	impact.		
		
The	scrotum	regulates	the	temperature	of	the	testes	and	maintains	it	at	35	degrees	Celsius	(95	degrees	
Fahrenheit),	 i.e.	 two	 degrees	 below	 the	 body	 temperature	 of	 37	 degrees	 Celsius	 (98.6	 degrees	
Fahrenheit).	Higher	temperatures	affect	spermatogenesis.	
		
Temperature	control	is	accomplished	by	the	smooth	muscles	of	the	scrotum	moving	the	testicles	either	
closer	to	or	further	away	from	the	abdomen	dependent	upon	the	ambient	temperature.		
	
Penis	
The	penis	is	the	main	external	sex	organ	of	the	male.	It	has	three	important	parts;	erectile	tissue	bodies,	
the	foreskin	and	the	urethra.	
	
The	penis	consists	of	3	bodies	of	spongy	erectile	tissue	all	running	 lengthways.	2	of	these	run	side	by	
side	above	the	urethra,	a	tube	that	runs	through	the	centre	of	the	penis	and	acts	as	a	duct	for	urine	and	
semen.	The	third	lies	underneath	them,	forming	a	tube	containing	the	urethra,	which	becomes	the	tip	
of	 the	 penis,	 known	 as	 the	 ‘glans’.	 This	 tissue	 is	 full	 of	 blood	 vessels.	 Surrounding	 the	 glans	 is	 the	
prepuce,	or	 foreskin,	a	 loose	double	 fold	of	skin,	which	protects	 the	glans.	The	foreskin	 is	sometimes	
removed	either	to	prevent	infection	or	for	religious	reasons.	
	
It	is	an	organ	of	excretion	carrying	urine	from	the	bladder	for	excretion	and	an	organ	of	reproduction.	
During	sexual	activity	the	penis	becomes	erect.	This	‘erection’	is	caused	by	an	increase	in	the	amount	of	
blood	circulating	in	the	vessels	of	the	spongy	tissues.	These	tissues	then	swell	up	causing	the	penis	to	
enlarge.	Eventually,	the	tissues	become	rigid	which	allows	penetration	into	the	vagina	of	the	female	and	
safe	delivery	of	the	semen	during	intercourse.	
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Sperm	
Each	 sperm	 consists	 of	 a	 head	 (the	 male	 sex	
cell),	middle	section	and	a	 tail,	which	helps	 to	
propel	the	sperm	along	the	vagina	and	into	the	
uterus.	The	head	is	a	nucleus	that	contains	23	
chromosomes	whereas	the	tail	is	a	flagellum,	a	
projection	 resembling	 a	 thread,	 which	 moves	
backwards	 and	 forwards	 enabling	 sperm	 to	
‘swim’	to	its	destination.	
	
Sperm	fertilises	the	ova	that	the	female	produces.	Eggs	or	ova	are	the	female	sex	cells.	The	head	on	the	
sperm,	carrying	the	important	genetic	 information	in	the	form	of	chromosomes,	 inserts	 itself	 into	the	
ovum	and	the	tail,	which	is	no	longer	needed,	breaks	down.	Once	the	2	nuclei	fuse,	fertilisation	occurs.	
Although	semen	contains	millions	of	sperm,	only	one	is	needed	to	fertilise	an	ovum.	Once	fertilised,	the	
ovum	usually	grows	and	develops	into	a	baby.	
	
Semen	
Semen	is	the	fluid	discharged	from	the	penis	during	sexual	intercourse.	It	contains	sperm	and	secretions	
from	the	prostate	gland	and	seminal	vesicle	(a	small	structure	behind	the	bladder).	
	
Functions	

• FSH	 stimulates	 the	 seminiferous	 tubule	 to	 the	 testes	 to	 produce	 male	 germ	 cells	 –	 the	
spermatozoa	

• The	spermatozoa	pass	through	the	epididymis,	vas	deferens,	seminal	vesicle,	ejaculatory	duct	
and	the	urethra	to	be	implanted	in	the	female	vagina	

• Ejaculation	usually	consist	of	2-5ml	of	semen	containing	40-100	million	spermatozoa/ml	
• If	they	are	not	ejected	they	are	reabsorbed	by	the	tubules	

	
	
The	Female	Reproductive	System	
This	system	is	hidden	inside	the	body,	apart	from	the	entrance	to	the	vagina	and	the	vulva.	Just	like	the	
male	system,	 the	organs	within	 the	body	are	contained	and	protected	by	 the	pelvic	girdle.	This	bony	
cavity	has	the	same	structure	in	men	and	women	but	is	wider	in	the	female,	in	order	to	allow	room	for	
the	passage	of	a	baby.		
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The	Uterus	
The	centre	of	the	female	reproductive	system	is	the	uterus,	also	known	as	the	womb.	It	is	here	that	a	
fertilised	ovum	grows	 into	a	baby.	The	top	end	opens	out	 into	the	fallopian	tubes	 (which	 lead	to	the	
ovaries)	and	the	bottom	end,	or	cervix,	opens	into	the	vagina	and	forms	the	birth	canal.		

• Structure	Hollow	muscular	pear	shaped	organ	
• Lies	in	the	pelvic	cavity	between	the	urinary	bladder	and	rectum	
• Fundus:	dome	shaped	above	the	opening	of	the	uterine	tubes	
• The	Body:	main	part	continuous	with	the	cervix	
• Cervix:	protrudes	through	the	anterior	wall	of	the	vagina,	opening	into	it.	
• Walls	of	the	uterus	are	composed	of	3	layers	
• PerImetrium:	consists	of	peritoneum	
• Myometrium:	is	the	thickest	layer	of	tissue	in	the	uterine	wall		
• Consists	of	smooth	muscle	interlaced	with	areolar	tissue,	blood	and	nerve	vessels	
• Endometrium:	consists	of	columnar	epithelium	and	large	number	of	mucus	–secreting	glands	

These	 layers	 respond	to	hormonal	secretions.	They	thicken	every	month	ready	to	act	as	a	nourishing	
bed	for	the	fertilised	ovum.	The	uterus	is	the	place	where	the	foetus	grows	and	develops.	Every	month	
it	prepares	itself	for	a	possible	pregnancy	and	if	there	is	no	fertilised	ovum,	menstruation	occurs.		
	
The	Cervix	
The	cervix	is	a	narrow	neck	of	the	uterus,	which	opens	into	the	vagina.	Usually	it	is	the	width	of	a	pencil	
lead	but	during	childbirth	it	dilates	to	allow	the	passage	of	the	baby.	
The	cervix	 forms	the	first	part	of	the	birth	canal.	The	dilation	of	the	cervix	 is	a	measurement	used	to	
determine	how	soon	childbirth	will	begin.	
	
Study	of	the	ovaries		
	
Attached	to	the	upper	part	of	the	uterus,	they	have	a	medulla	and	cortex.	

• Cortex:	 contains	 connective	 tissue	 in	 which	 lie	 ovarian	 (Graafian)	 follicles,	 each	 of	 which	
contains	an	ovum	and	it	is	covered	with	cubical	epithelium	called	germinal	epithelium	

• Medulla	composed	of	fibrous	tissue	containing	blood	and	lymph	vessels	and	nerves.	
• Produce	the	ova.	
• It	 is	 also	 an	 endocrine	 gland	 producing	 oestrogen	 from	 the	 developing	 ovarian	 follicle	 and	

progesterone	from	the	cells	of	the	corpus	luteum	
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Reproduction	function	
• Primordial	 follicle:	 Before	 puberty	 the	 ovaries	 are	 inactive	 and	 the	 cortex	 contains	 these	

immature	follicles	
• Germinal	epithelium:	Cortex	surrounds	the	medulla	and	has	a	framework	of	connective	tissue	

covered	by	germinal	epithelium	
• Ovulation:	At	each	menstrual	cycle	usually	one	or	more	follicles	mature,	rise	to	the	surface	of	

the	ovary,	ruptures	and	releases	the	ovum	into	the	fallopian	tube.	The	fallopian	tubes	convey	
the	ovum	via	peristalsis	and	ciliary	movement	towards	the	uterus.	The	sperm	will	fertilise	the	
egg	 in	 the	 fallopian	 tube	 before	 travelling	 to	 the	 uterus	 and	 embedding	 itself	 into	 the	
endometrium.	

• Formation	of	Corpus	 Luteum:	 the	 remains	of	 the	 follicle	 are	 further	 stimulated	and	develop	
into	 the	corpus	 luteum	 (a	yellow	body	which	produces	progesterone).	Before	 the	end	of	 the	
cycle,	 if	 fertilisation	 has	 not	 occurred,	 it	 degenerates	 and	 transforms	 into	 scar	 tissue.	 If	
fertilisation	does	occur,	the	corpus	luteum	remains	and	continues	to	produce	progesterone	for	
the	first	3	months	of	pregnancy.	
	

Endocrine	Functions:	
• Secretion	of	Oestrogen	and	Progesterone	
• Influence	of	Pituitary	hormones	(FSH	&	LH)	on	ovary	

	
Changes	in	structure	and	function	at	Puberty		(13yrs):	
• Internal	organs	of	reproduction	begin	to	function	
• Ovaries	are	stimulated	by	hormones	called	gonadotrophins	FSH	&	LH	
• Pubic	and	axillary	hair	begin	to	grow	
• Breasts	(mammary	glands)	develop	and	enlarge	
• Height	increases	and	widening	of	the	pelvis.	

Adulthood		
The	 production	 of	 the	 female	 egg	 occurs	 in	 cycle,	 which	 begin	 at	 puberty	 and	 continue	 unless	
interrupted	by	pregnancy	or	disease	until	the	menopause.	
	

• Menopause:	Child	bearing	period	ends	and	organs	of	reproduction	cease	to	function	between	
the	ages	of	45	and	55	years	

• Ovaries	become	less	responsive	to	FSH	and	LH	
• Lose	of	libido	occurs	and	oestrogen	levels	fall	
• Ovulation	and	menstrual	cycle	eventually	cease	
• Unpredictable	flushing,	sweating,	palpitations	
• Breast	shrink,	sex	organs	atrophy	and	hot	flushes	can	occur	
• Bone	loss	can	also	occur	resulting	in	the	condition	Osteoporosis	

	
Vagina	
The	vagina	is	a	muscular	passage	leading	from	the	cervix	to	the	vulva.	It	connects	the	internal	sex	organs	
with	those	on	the	outside	of	the	body.	It	serves	as	a	passageway	for	menstrual	blood,	forms	part	of	the	
birth	canal	during	labour	and	is	the	site	of	penetration	during	intercourse.	
	
Vulva	
The	external	organs	of	the	female	reproductive	system	are	collectively	known	as	the	vulva.	They	include	
the	Mons	Pubis,	The	Labia	majora	and	minora	and	the	clitoris.	
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The	Menstrual	Cycle		
1. Follicular	phase,	lasting	14	days	
• Anterior	lobe	of	pituitary	gland	secretes	FSH	
• FSH	stimulates	growth	and	development	of	an	ovarian	follicle	
• Within	the	follicle	lies	an	ovum,	which	also	starts	to	grow	and	develop.	
• When	the	ovum	is	mature	the	follicle	ruptures	and	ovum	is	released	into	the	uterine	tube	this	is	

termed	ovulation.	The	ovum	is	propelled	to	the	uterus	
• During	the	growth	and	development	of	the	ovarian	follicle	the	cells	secrete	hormone	oestrogen	
• Oestrogen	stimulates	the	columnar	cell	of	the	endometrium	forming	a	thicker	lining,	increasing	

number	of	gland	and	blood	capillaries		
	

2. The	Luteal	phase	lasting	10	days	
• Immediately	after	ovulation	the	walls	of	the	ovarian	follicle	collapse	
• Due	to	the	high	level	of	oestrogen	in	the	blood,	the	FSH	from	the	pituitary	gland	is	withdrawn		
• The	pituitary	gland	starts	to	secrete	LH	
• LH	 stimulates	 the	 remaining	 cells	 of	 the	 ovarian	 follicle	 to	 grow	 rapidly	 to	 form	 the	 corpus	

luteum.	Corpus	luteum	under	the	influence	of	LH	starts	to	secrete	progesterone.	
• Progesterone	has	an	effect	upon	the	endometrium,	increasing	the	action	of	oestrogen	
• Causes	further	thickening	of	the	lining	and	increasing	number	of	gland	and	blood	capillaries.	
• The	glands	increase	their	secretions,	which	are	released	into	the	uterine	cavity,	thus	the	term	

secretory	phase.	
• The	endometrium	is	now	thick,	soft,	moist	and	rich	in	blood	capillaries	and	prepared	to	receive	

a	fertilised	ovum.	
	

3. The	Menstrual	phase	lasting	4	days	
• If	the	ovum	is	not	fertilised,	the	high	level	of	progesterone	in	the	blood	inhibits	the	activity	of	

the	pituitary	gland	and	LH	is	reduced.	
• The	withdrawal	of	LH	degenerates	the	corpus	luteum	and	thus	progesterone	is	decreased.	
• Withdrawal	of	progesterone	causes	the	endometrium	to	break	down.	
• The	 extra	 secretions,	 lining	 cells,	 blood	 from	 broken	 down	 capillaries	 and	 unfertilised	 ovum	

make	up	the	menstrual	flow.	
• When	the	progesterone	level	in	the	blood	falls	to	a	certain	level,	the	pituitary	gland	again	start	

to	secret	the	FSH,	another	ovarian	follicle	is	stimulated	and	the	cycle	starts	all	over	again	
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Mammary	Glands	
Mammary	glands	are	accessory	glands	of	the	female	reproductive	system.	
	
Structure	

• Glandular	tissue	
• Fibrous	tissue	
• Fatty	or	adipose	tissue	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
Glandular	tissue	

• Composed	of	lobes;	twenty	in	each	breast	
• Lobes	are	made	up	of	lobules	consisting	of	a	cluster	of	alveoli	forming	the	secretory	part	
• Alveoli	open	into	small	ducts,	which	unite	to	form	large	excretory	ducts:	lactiferous	ducts.	
• Lactiferous	ducts	converge	towards	the	centre	of	the	breast	
• Here	they	form	dilatations	which	act	as	reservoirs	for	milk	during	lactation.	
• From	these	dilatations	run	very	narrow	ducts	which	open	out	on	to	the	surface	of	the	nipple	

	
Fibrous	Tissue	

• Encloses	the	glandular	tissue	and	forms	the	supporting	suspensory	ligaments	
	
Fatty	or	Adipose	Tissue	

• Covers	the	surface	of	the	gland	
• Found	between	the	lobes	
• Determines	the	size	of	breast	

	
Nipple	

• At	the	centre	of	the	outer	surface	is	a	small	conical	eminence:	the	nipple	
• The	base	of	the	nipple	is	surrounded	by	pigmented	area	the	areola	
• Areola	surface	are	numerous	areolar	sebaceous	glands	(Montgomery’s	tubules),	these	lubricate	

the	nipple	in	pregnancy.	
	
Functions	of	the	Mammary	Glands		
Active	only	during	pregnancy	and	after	birth	of	a	baby		
Produce	fluid	called	colostrum	during	pregnancy	-	present	until	2-3days	following	birth.		
After	this	they	are	stimulated	by	prolactin	hormone	secreted	by	the	anterior	lobe	of	the	Pituitary.	
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Study	of	pregnancy	
	

• Fertilisation:	 If	 the	 ovum	 is	 fertilised	 there	 is	 no	 breakdown	 of	 the	 endometrium	 and	 no	
menstrual	flow.	

• The	fertilised	ovum	embeds	itself	within	the	endometrium	and	produces	a	hormone	named	the	
chorion	gonadotrophin,	which	keeps	the	corpus	luteum	intact.	

• This	allows	it	to	continue	secreting	progesterone.	
• The	breast	tissue	begins	to	enlarge	in	the	early	stages	of	pregnancy.	
• The	fertilised	ovum	during	the	first	12	weeks	is	termed	an	embryo,	and	thereafter	a	foetus.	
• It	is	protected	and	nourished	for	40weeks	(9months)	within	the	uterus	and	is	then	said	to	be	at	

full	term,	and	mature	to	lead	an	independent	existence	and	is	ready	to	be	born.	
• Oxytocin	is	the	love	hormone,	which	is	why	it’s	released	during	labour,	birth	and	breastfeeding.	
• Oxytocin	will	make	you	feel	more	affectionate	and	selfless,	and	its	main	function	in	labour	is	to	

bring	 on	 contractions.	 You’ll	 get	 a	 surge	 of	 oxytocin	 in	 the	 final	 stage,	 so	 if	 you’re	 having	 a	
vaginal	birth	it	will	help	you	along	with	pushing.	

• Oxytocin	reduces	stress,	calms	you	down	and	helps	with	pain	during	labour.	Impressively,	your	
baby	will	also	produce	oxytocin	before	and	during	labour.			

• Oxytocin	 hangs	 around	 after	 birth	 too;	 helping	 you	 feel	 more	 relaxed,	 well	 nourished	 and	
bonded	with	your	baby.	It	helps	with	the	letdown	reflex	during	breastfeeding	and	protects	you	
against	postpartum	haemorrhage.	

• Prolactin	is	the	mothering	hormone.	And	it's	the	major	hormone	for	breastfeeding.	
• Prolactin	starts	to	increase	during	pregnancy	and	peaks	at	birth.	Your	baby	produces	prolactin	

in	the	womb	too.		
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Gametes	and	fertilisation	
	
Gender	
Human	 body	 cells	 have	 23	 pairs	 of	 chromosomes	 in	 the	 nucleus.	 One	 of	 these	 pairs	 controls	 the	
inheritance	of	gender	-	whether	offspring	are	male	or	female:	
In	males,	the	two	sex	chromosomes	are	different.	They	are	XY.	
In	females,	the	two	sex	chromosomes	are	the	same.	They	are	XX.	
	
	 	 	 Mother	

X	 X	

Father	 X	 XX	 XX	

Y	 XY	 XY	

	
Gametes	
Gametes	are	sex	cells.	The	male	gametes	are	the	sperm,	and	the	female	gametes	are	the	eggs.	
Gametes	 contain	 one	 set	 of	 genetic	 information,	 while	 body	 cells	 contain	 two	 sets	 of	 genetic	
information.	
	
Fertilisation	
Fertilisation	is	the	joining	or	fusion	of	a	male	gamete	and	a	female	gamete.	The	new	cell	that	is	formed	
divides	 over	 and	 over	 again	 by	 mitosis.	 This	 creates	 the	 many	 cells	 that	 eventually	 form	 a	 new	
individual.	
	
Meiosis:		
Cell	division	from	cells	of	ovary	and	testes	
Chromosomes	halve,	so	that	the	sperm	contains	only	23	chromosomes	and	the	ovum	23.	
	
Gametes	are	formed	from	cells	in	the	reproductive	organs	by	a	type	of	cell	division	called	meiosis.	
	
	 Male	 Female	
Reproductive	organ	 Testes	 Ovaries	

Gametes	 Sperm	 Eggs	

	 	 	
The	 cells	 that	are	 formed	by	meiosis	have	half	 as	many	chromosomes	as	 the	 cell	 that	 formed	 them.	
Human	body	cells	 contain	23	pairs	of	 chromosomes	 (46	single	chromosomes),	while	human	gametes	
contain	23	single	chromosomes.	
	
When	fertilisation	occurs	i.e.	sperm	and	ovum	nuclei	fuse	to	form	a	zygote,	which	develops	into	a	new	
individual	the	normal	chromosome	count	of	46	is	restored.	
This	means	a	mixing	of	hereditary	genes	from	male	and	female	is	achieved.	
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PATHOLOGIES	
	
Ectopic	 Pregnancy-	 An	 ectopic	 pregnancy	 is	 when	 a	 fertilised	 egg	 implants	 itself	 outside	 of	 the	
womb,	usually	in	one	of	the	fallopian	tubes.	
The	fallopian	tubes	are	the	tubes	connecting	the	ovaries	to	the	womb.	If	an	egg	gets	stuck	in	them,	it	
won't	develop	into	a	baby	and	your	health	may	be	at	risk	if	the	pregnancy	continues.	
Unfortunately,	it's	not	possible	to	save	the	pregnancy.	It	usually	has	to	be	removed	using	medicine	
or	an	operation.	
	
Mastitis	 -	Mastitis	 is	 when	 your	 breast	 becomes	 swollen,	 hot	 and	 painful.	 It's	 most	 common	 in	
breastfeeding	women,	but	women	who	are	not	breastfeeding	and	men	can	also	get	it.	
	
Amenorrhoea	 -	 Amenorrhea	(uh-men-o-REE-uh)	 is	 the	 absence	 of	 menstruation	 —	 one	 or	 more	
missed	 menstrual	 periods.	 Women	 who	 have	 missed	 at	 least	 three	 menstrual	 periods	 in	 a	 row	
have	amenorrhea,	as	do	girls	who	haven't	begun	menstruation	by	age	15.	The	most	common	cause	
of	amenorrhea	is	 pregnancy,	 however	 it	 can	 also	 be	 due	 to	 a	 hormonal	 imbalance	 or	 other	
conditions	e.g.	polycystic	ovarian	syndrome.	
	
Dysmenorrhea	-	Dysmenorrhea	is	characterized	by	severe	and	frequent	menstrual	cramps	and	pain	
during	 your	 period.	Dysmenorrhea	may	 be	 primary,	 existing	 from	 the	 beginning	 of	 periods,	 or	
secondary,	due	to	an	underlying	condition.	
	
Pre-menstrual	 Syndrome	 -	 Premenstrual	 syndrome	 is	 the	 name	 for	 the	 symptoms	 women	 can	
experience	 in	 the	weeks	 before	 their	 period.	 Symptoms	 of	 premenstrual	 syndrome	 include	mood	
swings,	tiredness,	tummy	pain,	headaches	and	breakouts.	
	
Polycystic	Ovarian	Syndrome	 -	 (PCOS)	 is	a	common	condition	 that	affects	how	a	woman's	ovaries	
work.	The	3	main	features	of	PCOS	are:	

• Irregular	periods	–	which	means	your	ovaries	do	not	regularly	release	eggs	(ovulation)	
• Excess	androgen	–	high	 levels	of	"male"	hormones	 in	your	body,	which	may	cause	physical	

signs	such	as	excess	facial	or	body	hair	
• Polycystic	 ovaries	 –	 your	 ovaries	 become	 enlarged	 and	 contain	 many	 fluid-filled	 sacs	

(follicles)	that	surround	the	eggs	(but	despite	the	name,	you	do	not	actually	have	cysts	if	you	
have	PCOS)	

	
Endometriosis	-	is	a	condition	where	tissue	similar	to	the	lining	of	the	womb	starts	to	grow	in	other	
places,	such	as	the	ovaries	and	fallopian	tubes.	Endometriosis	can	affect	women	of	any	age.	
It's	a	 long-term	condition	that	can	have	a	significant	 impact	on	your	 life,	but	 there	are	treatments	
that	can	help.	
	
Stress	
	

• Male	reproductive	system	
	
The	male	reproductive	system	is	influenced	by	the	nervous	system.	The	parasympathetic	part	of	the	
nervous	 system	 causes	 relaxation	 whereas	 the	 sympathetic	 part	 causes	 arousal.	 In	 the	 male	
anatomy,	 the	 autonomic	 nervous	 system,	 also	 known	 as	 the	 fight	 or	 flight	 response,	 produces	
testosterone	and	activates	the	sympathetic	nervous	system	which	creates	arousal.	
Stress	 causes	 the	body	 to	 release	 the	hormone	 cortisol,	which	 is	 produced	by	 the	adrenal	 glands.	
Cortisol	 is	 important	 to	 blood	 pressure	 regulation	 and	 the	 normal	 functioning	 of	 several	 body	
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systems	including	cardiovascular,	circulatory,	and	male	reproduction.	Excess	amounts	of	cortisol	can	
affect	the	normal	biochemical	functioning	of	the	male	reproductive	system.	
Sexual	desire		
Chronic	stress,	ongoing	stress	over	an	extended	period	of	time,	can	affect	testosterone	production	
resulting	in	a	decline	in	sex	drive	or	libido,	and	can	even	cause	erectile	dysfunction	or	impotence.	
	
Reproduction		
Chronic	 stress	 can	also	negatively	 impact	 sperm	production	and	maturation,	 causing	difficulties	 in	
couples	who	are	trying	to	conceive.	Researchers	have	found	that	men	who	experienced	two	or	more	
stressful	life	events	in	the	past	year	had	a	lower	percentage	of	sperm	motility	(ability	to	swim)	and	a	
lower	percentage	of	sperm	of	normal	morphology	(size	and	shape),	compared	with	men	who	did	not	
experience	any	stressful	life	events.	
	
Diseases	of	the	reproductive	system		
When	stress	affects	the	immune	system,	the	body	can	become	vulnerable	to	infection.	In	the	male	
anatomy,	infections	to	the	testes,	prostate	gland,	and	urethra,	can	affect	normal	male	reproductive	
functioning.	
	

• Female	reproductive	system	
	
Menstruation		
Stress	may	 affect	menstruation	 among	 adolescent	 girls	 and	women	 in	 several	ways.	 For	 example,	
high	 levels	 of	 stress	 may	 be	 associated	 with	 absent	 or	 irregular	 menstrual	 cycles,	 more	 painful	
periods,	and	changes	in	the	length	of	cycles.	
	
Sexual	desire		
Women	juggle	personal,	family,	professional,	financial,	and	a	broad	range	of	other	demands	across	
their	 life	span.	Stress,	distraction,	 fatigue,	etc.,	may	reduce	sexual	desire—especially	when	women	
are	 simultaneously	 caring	 for	 young	 children	 or	 other	 ill	 family	 members,	 coping	 with	 chronic	
medical	 problems,	 feeling	 depressed,	 experiencing	 relationship	 difficulties	 or	 abuse,	 dealing	 with	
work	problems,	etc.	
	
Pregnancy		
Stress	can	have	significant	impact	on	a	woman’s	reproductive	plans.	Stress	can	negatively	impact	a	
woman’s	 ability	 to	 conceive,	 the	 health	 of	 her	 pregnancy,	 and	 her	 postpartum	 adjustment.	
Depression	is	the	leading	complication	of	pregnancy	and	postpartum	adjustment.	
Excess	 stress	 increases	 the	 likelihood	 of	 developing	 depression	 and	 anxiety	 during	 this	 time.	
Maternal	 stress	 can	 negatively	 impact	 fetal	 and	 ongoing	 childhood	 development	 and	 disrupt	
bonding	with	the	baby	in	the	weeks	and	months	following	delivery.	
	
Premenstrual	syndrome		
Stress	 may	 make	 premenstrual	 symptoms	 worse	 or	 more	 difficult	 to	 cope	 with	 and	 pre-menses	
symptoms	may	be	stressful	for	many	women.	These	symptoms	include	cramping,	fluid	retention	and	
bloating,	negative	mood	(feeling	irritable	and	“blue”)	and	mood	swings.	
	
Menopause		
As	 menopause	 approaches,	 hormone	 levels	 fluctuate	 rapidly.	 These	 changes	 are	 associated	 with	
anxiety,	mood	 swings,	 and	 feelings	of	distress.	 Thus	menopause	 can	be	a	 stressor	 in	and	of	 itself.	
Some	of	the	physical	changes	associated	with	menopause,	especially	hot	flashes,	can	be	difficult	to	
cope	with.	
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Furthermore,	 emotional	 distress	 may	 cause	 the	 physical	 symptoms	 to	 be	 worse.	 For	 example,	
women	who	 are	more	 anxious	may	 experience	 an	 increased	 number	 of	 hot	 flashes	 and/or	more	
severe	or	intense	hot	flashes.	
	
Diseases	of	the	reproductive	system		
When	stress	is	high,	there	is	increased	chance	of	exacerbation	of	symptoms	of	reproductive	disease	
states,	such	as	herpes	simplex	virus	or	polycystic	ovarian	syndrome.	The	diagnosis	and	treatment	of	
reproductive	cancers	can	cause	significant	stress,	which	warrants	additional	attention	and	support.	
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