Anatomy & Physiology
Supplementary Notes
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What is Anatomy?
· The study of the structure of living organisms and how each part relates to another.
What is Physiology?
· The study of the function of living organisms

The Structure of the Cell

The body is made up of many different types of cells:
· Muscles cells (muscle fibers)

· Bone cells (osteocytes)

Tissue: Combination of identical cells
· Muscle tissue
· Bone tissue
Organs: Have two or more similar tissues; e.g. Heart, Lungs
Organism: Combination of cells, tissues, and organs (e.g., the human body)

The Structure of the Cell
· Cell membrane: encloses all cell contents.
· Sarcolemma: cell membrane of a muscle cell.
· Cell membrane can repair itself.
· Selective permeability: cell membrane’s special ability to allow the exact amount of required substances when needed
· Cytoplasm: cellular material inside the cell membrane and outside the nucleus; ‘pea soup’ where the organelles float
· In muscle: cytoplasm = sarcoplasm

· Organelles: the metabolic ‘machines’ in the cytoplasm
· Nucleus: Control centre of the cell, also contains the genetic makeup of the cell (genes)
· Mitochondria
· powerplant of the cell
· Supplies the body with most of the energy in the form of a molecule -> ATP: adenosine triphosphate
· Molecule that the body breaks down to release stored energy when needed.
· Produced within mitochondria through a series of chemical reactions -> aerobic energy system
Tissues (Connective Tissue)

· Tendons: muscle to bone

· Transmit force generated by skeletal muscle to bone

· Ligaments: bone to bone

· Provide stability to a joint

· Fascia: special type of connective tissue that covers and separates layers of muscles

· Cartilage

· E.g., articular cartilage: covers ends of long bones to minimise friction

· More flexibility than bone

Body Systems 
· Skeletal
· Muscular
· Nervous
· Cardiovascular
· Respiratory
· Digestive
· Endocrine
· Urinary
· Lymphatic
· Integumentary
The Musculoskeletal System

Directional and movement terminology

· Anatomical position: the reference point

· Erect position

· Arms by the sides palms facing anterior

· Feet parallel – toes and head face forwards

· Prone position: lying face-down

· Supine position: lying face-up

Planes of body motion

· Sagittal

· Separates the body into right and left portions

· Transverse (horizontal)

· Separates the body into inferior (lower) and superior (upper) portions

· Frontal (coronal)

· Separates the body into anterior and posterior portions

The Musculoskeletal System: Directional Terminology
	Term
	Region or Reference
	Example

	Superior
	Above, towards the head
	The head is SUPERIOR to the feet.

	Inferior
	Below, towards the feet
	The knees are INFERIOR to the hips.

	Anterior/Ventral
	To the front
	The nose is ANTERIOR to the mouth.

	Posterior/Dorsal
	To the back
	The shoulder blade is POSTERIOR to the chin.

	Medial
	Towards the midline
	The sternum is MEDIAL to the bicep.

	Lateral
	Away from the body’s midline.
	The iliac crest is LATERAL to the umbilicus.

	Proximal
	Towards an attached bone.
	The thigh is PROXIMAL to the foot.

	Distal
	Away from an attached bone.
	The fingers are DISTAL to the wrist.

	External/Superficial
	Near the body surface
	Skin is SUPERFICIAL to the bone.

	Internal/Deep
	Farther from the body surface
	The bone is DEEP to the skin.

	Peripheral
	Away from the anatomical system.
	Blood vessels are more peripheral than the heart.

	Central
	Towards the centre of the anatomical system.
	The spinal cord is central in the Central Nervous System.

	Unilateral
	On one side of the body only
	Performing a one-arm bicep curl on the right hand side

	Bilateral
	On both sides of the body
	Double bicep curl

	Contralateral
	On the opposite side of the body
	Right side of the brain supplying messages to the left side of the body

	Palmar
	The same side as the palm of the hand
	A cup is in contact with the ‘palm’ side of the hand

	Plantar
	The same surface as the sole of the foot
	The side of the food that makes with the ground

	Dorsum
	On either the back of the hand or back (top) of the foot
	Kicking with the ‘top’ side of the foot

	Caudal
	Towards the tail
	The hips are caudal to the waist.

	Cranial
	Towards the head
	The chin is cranial to the chest.


The Musculoskeletal System: Movement Terminology
	Flexion
	A movement which makes the angle between two bones (at their joint) small than it was when in anatomical position.

	Extension
	Opposite action to flexion.  It normally involved widening an angle between two bones.

	Abduction
	A movement away from the midline of the body.

	Adduction
	A movement towards from the midline of the body.

	Circumduction
	A movement in a circular direction.

	Pronation
	The palm of the hand is turned inward.

	Supination
	The palm of the hand is turned outward.

	Plantar Flexion
	Where the toes are pointing downwards towards the ground.

	Dorsi Flexion
	Where the toes are pointing upwards towards the knees.

	Inversion
	The sole of the foot is turned inwards.

	Eversion
	The sole of the foot is turned outwards.

	Lateral/External Rotation
	Rotating a limb outwards.

	Medial/Internal Rotation
	Rotating a limb inwards.

	Protraction
	To bring a body part forwards

	Retraction
	To bring a body part backwards

	Elevation
	To lift a body part

	Depression
	To lower a body part


The SKELETAL System
The body has 226 bones.
The skeleton is divided into two different areas:
· Axial Skeleton: 
· Skull, cranium & mandible
· Spinal column
· 7 cervical vertebrae
· 12 thoracic vertebrae
· 5 lumbar vertebrae
· 5 sacral vertebrae
· 3-5 coccygeal vertebrae
· Rib cage
· Ribs 1-7 are true ribs
· Ribs 8-12 are false ribs
· Rib 11 and 12 are floating ribs
· Sternum
· Appendicular Skeleton: 

· Pectoral girdle and the arm
· Scapula, clavicle, humerus, radius, ulna, carpals, metacarpals, phalanges
· Pelvic girdle and the legs
· Ilium, ischium, pubis, femur, patella, tibia, fibula, tarsals, metatarsals, phalanges

The Skeletal System consists of different shapes, sizes and types of bones.
· Long Bones: shaft and two ends

· Humerus, radius, ulna, femur, tibia, fibula

· Flat Bones: protective bones for soft organs

· Sternum, ribs, bones of the skull

· Short Bones: cube-like bones

· Ankle, wrist

· Irregular Bones

· Vertebrae, pelvis
The Body is comprised of different types of JOINTS.  A Joint is where two bones meet.

Joints are classified into the following categories:
· Fibrous joints
· Do not have a cavity between the bones; e.g., skull
· Cartilaginous joints

· Connected by cartilage, do not have a joint cavity; e.g., pubic symphysis

· Hinge joints
· Flexion and extension movements
· Elbow and interphalangeal joints
· Ball-and-Socket Joints
· One bone has a rounded head and the other end has a socket-like feature
· Hip and shoulder
· Vertebral Joints
· Between the vertebrae of the spinal column
· Synovial Joints

· Cavity containing fluid; E.g., hip, shoulder joints

SYNOVIAL JOINTS
· Important when prescribing exercise

· Articular cartilage

· Cartilage at the end of the bone

· Provides spongy cushion for the joint

· Can deteriorate – osteoarthritis

· Joint cavity: space between bones that make up the joint (filled with synovial fluid)

· Articular capsule: covers the joint cavity

· Synovial membrane

· Synovial fluid

· Menisci: pads of fibrocartilage located between articulating surfaces of different shaped bones; shock absorbers
· Bursae: fluid-filled sacs located between structures that move; reduce friction and cushion the movement
· Ligaments: stabilise joints
· Tendons: join muscle to bone.

[image: image1]
Other JOINTS
· Pivot joints

· movement is limited to rotation 

· Ellipsoid Joints

· similar to a ball and socket joint; allow the same type of movement to a lesser magnitude e.g., wrist 

· Saddle Joints

· occurs when the touching surfaces of two bones have both concave and convex regions with the shapes of the two bones complementing one other and allowing a wide range of movement

· The only saddle joint in the body is in the thumb. 

· Gliding Joints

· Flat or slightly flat surfaces move against each other allowing sliding or twisting without any circular movement; e.g., carpals in the wrist, tarsals in the ankle

Joints and Bony Landmarks
· Diaphysis: shaft of a long bone

· Epiphysisa: of a long bone

· Growth Plate: Hyaline cartilage that remains in the bones of children as the epiphyseal plate
ARTICULAR SURFACES of the SCAPULA
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Garbett, J., & Nielson, M. (2006).  Structure and Function of the Human Body for the Massage Therapist, 3rd ed.  Dubuque, IA: Kendall / Hunt Publishing Company, p. 24.

How to Learn Muscles

Picture the Muscle

Visualise the muscle.  Study a picture of the individual muscle.  If you can form a strong mental image of the muscle and its relation to the skeleton, and picture its position on the body, then the learning process becomes a descriptive one – not just one of rote memorization.  For example, look at the latissimus dorsi muscle and describe the relationships it has to the skeleton, the direction the fibers are running, and how and which joints it is crossing.

Make the Muscle Name Work for You

The full name of any muscle of the body begins with masculus, a masculine noun.  The English language has dropped this from common usage and allows the adjective and the genitive that describe the muscle to stand alone.  Thus musculus latissimus dorsi becomes latissimus dorsi. Muscles were originally named by describing their various characteristics: shape, size, location or actions.  If you analyse latissimus dorsi, you see that: 

Latissimus = broadest – adjective describing the muscle

Dorsi = of the back – genitive form of dorsum referring to the part of the body where the muscle is located.

Therefore, the latissimus dorsi equates to the broadest muscle of the back.
See and Describe the Muscle’s Attachments

If you have a good visual image of the muscle, learning the muscle attachments becomes a descriptive process rather than one that involves the sheer memorization of words.  Describe your visual picture of the muscle attaching to the names parts of the skeleton.  For example,  as you look at the latissimus dorsi, you can see that it comes from the spinous processes of the vertebrae from mid-thorax down into the sacrum and attaches at the other end on the intertubercular groove of the humerus.

Learning the Movements Muscles Produce

With a good visual picture of the muscle, understanding the joint movements it produces should follow fairly naturally.  Keep the following in mind when thinking about the movements muscles produce: 

· Muscles pull on a straight line bringing the sites attachment closer together.  

· Have a clear picture of the path of the muscle as it crosses a joint, especially at the freely moveable ball and socket joints.

· A muscle produces an action at every joint it crosses.

Group Muscles that Share Attachments and Actions in Common 

Many muscles have attachments and actions in common. Grouping muscles in this way encourages thought and simplifies learning. For example, the latissimus dorsi muscle shares a common attachment with the teres major and pectoralis major in the intertubercular groove of the humerus and all the muscles are effective adductors of the shoulder joint.
The MUSCULAR System
Three Types of Muscle 
· Skeletal

· Cardiac

· Smooth

How Muscles Produce Movement
Skeletal muscles produce force -> Tendons -> pull on bones = movement

Lever systems

· Lever: rigid or semi-rigid object when subjected to a force (1st, 2nd and 3rd)

· Axis of rotation: pivot joint of a lever

· Force arm: distance between the joint and the point where the muscle exerts the force

· Resistance arm: 

· distance between the axis of rotation and the resistance to the force

· Resistance may be generated by body weight and weights equipment

Muscle Roles

· Group muscles according to their primary actions

· prime mover (agonist): muscle whose contraction is chiefly responsible for producing a particular movement. 

· Biceps prime mover for bicep curls

· Antagonists: prime movers whose action opposes that of the agonist under consideration. 

· Triceps antagonist muscle in the above example

· When a synergist contracts it assists the prime mover in performing that action.

· Synergists may provide additional pull at the insertion or may stabalise the point of origin.

Muscle Actions

· Isotonic

· Muscle produces tension while lengthening and shortening

· Concentric
· Eccentric
· Isometric

· Muscle produces tension without changing length or joint angle

· Isokinetic

· Muscle works through a set range of motion at a constant angle speed (e.g., hydraulic)

Each muscle begins at an origin, ends at an insertion, and contracts to produce a specific action. 

· Origin remains stationary

· Origin is proximal to the Insertion

· Insertion is at end of the muscle attaching to the freely moving bone of its joint. 

· Insertion is distal to the Origin.
We can group muscles according to their primary actions.

Muscle Tension

Tension exerted by a muscle as it shortens is affected by:

· Initial length of muscle fibers

· The angle of pull of the muscle – vs gravity or not

· Arrangement of the muscle fibers 

Classification of Skeletal Muscle Fibres

	Skeletal Muscle
	Give an Example

	Longitudinal
	

	Fusiform
	

	Unipennate
	

	Bipennate
	

	Multipennate
	


Sliding filament theory

[image: image3]
· Myofilaments interact with one another to shorten sarcomere and create a muscle contraction.
· Changes in muscle length occur as the myosin and actin myofilaments slide past each other

· The sarcomere shortens (concentric action) or lengthening (eccentric)

· Change of length occurs as the myosin cross-bridges bind to sites on the actin, then rotate, causing the filament sliding.

· 6 simple steps

1. Influx of calcium, triggering the exposure of binding sites on actin

2. Actin binds to myosin

3. Power stroke of cross-bridges that causes sliding of the thin filaments

4. Binding of ATP to cross-bridge (disconnecting cross-bridge from actin)

5. Hydrolysis of ATP (reforming) to reposition and reenergize cross-bridge

6. Transport of calcium ions back to sarcoplasmic reticulum

Three Types of Muscle Fibre

· Slow Twitch -Type I

· Fast Twitch - Type II a (FOG)

· Fast Twitch - TYPE II b (FG)

Use of Muscle Fibre Types During Exercise
· Slow Twitch

· Low intensity aerobic endurance  work plus always at the start of exercise whatever the intensity

· Fast Twitch

· high intensity anaerobic activities plus progressively recruited during low intensity endurance work as fatigue increases

· If gradual increase in force of contraction then increase in involvement of fibres from Type I, to II a to II b.

Use of Muscle Fibre Types as a Predictor of Performance
· Some elite marathon runners have a greater % of fast twitch fibres than some elite sprinters, and vice versa

· No. of fibres is fixed from an early age 
· Increase in muscle size (hypertrophy) is due to an increase in the size of the fibres (Cross sectional area)
· The greater the number of fibres (not increased by training) and the greater the cross sectional area (increased by training) the greater the strength of contraction
· The aerobic and anaerobic capacities of all fibre types can be improved by training.
Characteristics of the Three Types of Muscle Fibre
	Property
	1) ST
	2) FT II a
	3) FT IIb

	Contraction Time
	Slow
	Fast
	Fast

	Aerobic Capacity
	High 
	High
	Low

	Anaerobic Capacity
	Low 
	High
	High

	Force of Contraction 
	Low
	High
	High

	Mitochonrial Number
	High
	High
	High

	Myglobin Content
	High
	Medium
	Low

	Phosphocreatine Store
	Low
	High
	High

	Glycogen Store
	Medium
	High
	High

	Elasticity
	Low
	High 
	High

	Excitability
	Low
	High
	High

	Muscle Fibre (diameter)
	Small
	Large
	Large


The Relationship Between Fibre Type and Activity

[image: image30.emf]0% 20% 40% 60% 80% 100%

Marathon

Swimmers

Distance runners

Speed Skaters

Average person

Cyclists

Shot putters

Sprinter/Jumpers

Slow twitch

Fast Twitch


	Muscles of the Upper Back / Neck

· Rhomboid Major

· Rhomboid Minor

· Levator scapula

· Trapezius

· Serratus anterior
Muscles of the Shoulder

· Deltoid 

· Teres major 

· Rotator Cuff

· Supraspinatus

· Infraspinatus

· Teres minor

· Subscapularis

Muscles of the Chest

· Pectoralis major

· Pectoralis Minor

· Intercostals
Muscles of the Arm

· Biceps brachii

· Brachialis

· brachioradialis

· Coracobrachialis

· Triceps brachii

Abdominal Muscles

· Diaphragm

· Rectus abdominus

· Internal oblique

· External oblique
Muscles of the Back 

· Erector spinae

· Latissimus dorsi

· Quadratus lumborum

· Trapezius
	Muscles of the Hip / Gluteal 

· Psoas major (hip flexor)

· Iliacus (hip flexor)

· Gluteus maximus

· Gluteus medius

· Gluteus minimis

· Tensor fascia latae

· Piriformis

· Quadratus femoris
Muscles of the Upper Leg 

· Pectineus

· Adductor longus

· Adductor magnus

· Adductor brevis

· Gracilis

· Sartorius

· Rectus femoris

· Vastus lateralis

· Vastus medialis

· Vastus intermedius

Muscles of the Lower Leg

· Tibialis Anterior

· Soleus

· Peroneus Longus

· Tibialis Posterior

· Gastrocnemius


Remember to STRETCH what is TIGHT and STRENGTHEN what is WEAK
SOME MUSCLES OF THE CHEST, SHOULDER & BACK
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Antenor border of the clavicle, the whule leng1h cf the slernum and the camlages nf the Frst 6 nhs

Pectoralis major

Broad area of chest region between the ctavicle and sixth rib.

Outer lip ofthe |n(ertubercular groove of the humerus

Shoulder flexion — draws the arm forward and upward from the side. True horizontal
adduction — draws the arm from the side horizontal position to the front horizontal position.
Inward rotation of the humerus

Used powerfully in push-ups, most throwing actrvmes, racket sports, gymnastics and most forward

movements of the humerus.

'This muscle is commonly divided into two parts. The clavicular portion lies close to the anterior

deltoid and works with it in flexion and horizontal adduction of the humerus.
The sternal portion acts only in downward and forward movements of the arm.

Origi. Coracoid pracess of the scapula

Clnsertion: inner surface of humerus opposlte deltoid attachment, ' N
Origin: Anterior border of the clavicle and acromion process.
Insertion: In frant of the head of the humerus.

Lateral and medml head — humerus. Long head — scapula.

Olecranon process of the ulna

i Lie on a flat bench, feet on the end of the bench.
ii) Lower h’a’c’hsihoiuld be pressed 1"{0 {hé hrarrchr i T
i) T With amms extended raise the dumbbell ditectly above steroum. )
ivj T o Palms should be facrng each oth’e’r';nd ;Ihows slightly b’eh’ti i - T
v) While ensuring the arms are in line, lower them in an arc motion.
vi) To get a complete stretch on the pectoralis, lower the arms to a point where the

hands are in line with the shoulders.
vii) T Return to the siahrhéhh;rtlon through the same arc untd the ddmhbells llghtly

touch at the top.

Bench press, incline or decline bench press
pec dec, cable cross over, bench press machme

g

Table 6.9: Pectoralis major.




Egger, G., Champion, N., & Bolton, A. (1998).  The Fitness Leader’s Handbook 4th ed.  East Roseville, NSW: The Kangaroo Press. 
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. Palpations /" Over the head of the humerus from the antenor to the pos!enor side.

Front outer !hrrd of the clavlcle border uf lhe acromion and (ower edge of the spine of the scapu[a

Tubercle on the middle outer surface of humerus.

True abduction — entire muscle. Shoulderflexlon horizontal adduction and inward rotation —
anterior fibres. Shoulder extension, outward rotation and horizontal abduction — posterior fibres.

’ The combmatlon of shoulder joint abduction, flexion and extension is used in sports that
require hitting such as tennis and basebalt, also shooting sports, which require the arms
to be eleva!ed for long perrods

The deltord isa powerful abductor ofthe humerus In addition to rarsrng lhe arm, it is frequently
called upon to hold the arm in an elevated pasition for long periods of time. The arrangement of the
fibres of the middle portion allows for a strong stabilising component.

Base of skull, spines of 7th cervlcal and all th raci

Outert 1rd of clavicle, tup of the acromion an upper scapula

Insertion:

Origin: Inner two thirds of the supraspinatus fossa of the scapula.
Insertion: Top of the greater tubercle of the humerus.
Origin: Lateral and medlal head — humerus Long head — scapula

Olecranon process of the ulna

Start W|lh feet shoulder width and knees slightly bent,

Hold a barbell in an overhand érlp along the clavicles.

Hands a little wider lhan shoulder width with elbows pumllng down.

Contract the abdeminals to ensure the torso is erect,

Push the har upwards until the arms are fulty extended but not locked.

Lower the bar behind the head untll it touches the base of neck

Keep the head allgned with the spine and push the bar back up to top position,
then lower to the front.

Bent Over Row (Posterior), Push Press wrth Dumbbells incline laieral raise {Lateral)

Military Press (Anterior), Bent over rearrcable (Lateral), Cable Front Raise (Anterior)

Table 6.11: Deltoid.




Egger, G., Champion, N., & Bolton, A. (1998).  The Fitness Leader’s Handbook 4th ed.  East Roseville, NSW: The Kangaroo Press. 
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just below the tubercle; inferior
part of articular capsule of
shoulder joint

=

Deltoid tuberosity of humerus
and brachial fascia

Medial ridge of the
intertubercular groove

Superior

Abduction of shoulder; stabilizes
shoulder joint; supports
downward pull of a loaded arm

Lateral rotation of shoulder;
stabilizes shoulder joint; holds
humeral head down during
initial abduction of humerus

Flexion and weak medial rotation
of the shoulder; abduction of
shoulder; extension and weak
lateral rotation of the shoulder

Adduction of shoulder; medial
rotation of shoulder; extension of
a flexed shoulder

Limb

Suprascapular
nerve (C5 and C6)
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Lower
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Palpation: Lateral pusterror aspect of the trunk helow the armprt

Origin: E ” Posterior crest of the itium, back of the sacrum and sprnous prncesses of the tarmbar and lower 6 thoracic.
vertebrae and lower 3 ribs.

Insertion; Medial s\de of mtertuhercular groove of humerus.

Muscle action: Extensron " draws the arm from front to the side. Inward rotation of the arm. Horizontal abductron -
draws the arm from the frant to the side horizontal position. True adduction — draws the arm from the
abducted srde horizontal posllron to the side.

Sparts action: ) Thrs muscle is used when climbing, in many SW|mm|ng strokes, most gymnastrc actrvltles and other
activities that require a pulling action using the arm.

A broad sheet of muscle that covers the lower and mldd[erportmns ofthe back. The larlsslmus dorsl
has a favaurable angle of pult for backward and downward movement of the humerus, particularly when

Teres major’ " o ;. Lower end of the lateral barder of the scapula.

Upper anterror portion of the humerus

Spmous processes of the upper | thoracrc vertehrae

Medlal border of the scapula

Antermr border of the clavicle. Whnle length loe sternum and carti ages 0f the 6 ribs.

Insertian: Outer lrp of the mtertuhercular groove of the humerus.

Origi Inner two thlrds of the suprasprnatus fossa of the scapula

lnsertion Top of the greater tubercle of the humerus

Sit wrth the shoulders drre(rly under the bat.

an ‘the bar at each end (wrde) pa\ms facing farward.

Arms fully extended trunk erect — do not lean backwardsv

AL the end of lhe movemenl atlempt m draw rhe elbows together

" The lift ends when the bar goes belaw the chin.
Stow(y ex[end the arms tu maxrmum stret h and (engﬂr

Chin Ups Pronated Grrp, Incline Dumbhell Rnw, Bent-over Wrde Grip Barbell Row

One Arm Cable Ruw, Narmw Grip Front Lat W|de Grrp Front Lat Pull, Pull Down — Overhand Duwn -~ Overhand

Table 6.12: Latissimus Dorsi,




Egger, G., Champion, N., & Bolton, A. (1998).  The Fitness Leader’s Handbook 4th ed.  East Roseville, NSW: The Kangaroo Press. 
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Krneslo[ogrcal analysrs
Trapezius

Supraspinatus

Bel(did (posierior) 7

Exercise technique

Free weights

Machine systems

Cannot be palpated as itis located under (rapezlus muscle

Spinous processes of the upper thoracic vertebrae.

Medial border of the scapula.
Adduction — draws the scapula towards the spinal column with some elevation. In addition rhomboids
draw the scapula in a downward rotation movement.

This muscle comes into play in atl movements when the arm is pulled to the rear such as in rowing,
paddllng, the butterfly stroke and archery

The rhombolds comprise two muscles but functrona[ly they are generaliy regarded as one.
They play an important role in the maintenance of good posture.

Insertion: Posterior aspect of clavicle, scapula and acromion process.
Origin: Supraspinous fossa of the clavicle.
Insertion: Top of greater tubercle of the humerus.

Origin: Inferior edge of scapula.

fnsertion: In front of the head of the humerus.

Sit at the end of the hench leaning furward wrth the l:hest resnng on the thighs.

Arms should be hangmg perpendrcular to the ground

rv) ) Throughoul lhe movemenl the arms should be Sllghlly bent and at nght angles to the body.

v) Lower slowly and repeat.

Bent-over Barbell Row, Bent over Dumbbell Row, Lat Pull Down

Sealed Cable Row, Reverse Pec Dec, Front Supported Machme Row

Table 6.13: Rhomboids.

Ra|se thedumhbells to the side, up to body level and contlnue urml the forearms are parallel o !he ﬂoor.





SOME MUSCLES OF THE ARM
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Muscle act|on~

Sports actlon.

Klneslologlcal analys

Brachialis

Brachloradlalls

Deltoid

Free welghfs

Machme systems

Biceps brachii ) ‘ ’ &
Y

Anterior aspect of the humerus.

Two heads — top of the coracord process and upper llp of the glenold fossa of the scapula

Tuberosrty of the radlus

Flexron of the arm at the elbow. Supmanon oflhe forearm and weak shnulder ﬂexron

Used when cl|mbmg, chrnmng or raising the body lo bar in gymnast|cs and alt acuvmes thal lnvolve pullmg
Somethmg to the body

The biceps is a two-| headed type of muscle Itis the primary muscle |nvolved in ﬂexlon of lhe elbow )omt
but also acts during flexion at the shoulder joint. Maximum strength is obtained when the forearm is supinate.

Lower half of the anterior portion of lhe hurnerus

lrlsenior; ) ' Tuberoslty of the ulna and ceronoid process oflhe ulna

Origin: Lower two thirds of the outer ridge of humerus. i
Iueeﬁion: Lateral s|de of base of styloid process of rad|us i i
Origin: Anterior border of clavrcle acromion process, spme of scapula )

Insertion: In front of the head of the humerus N

Move the bar upwards in an arc, whlle keepmg lhe elbows stanonary and !a lhe s|des

iv) Brmg the bar as high to the chest as the movement W|ll allow

l/) ) Keep lhe elbows hehmd the bar atall trmes

vi) Do not lean back to assist in any part of the movemenL i
vil) The blceps plays a small role in shoulder ﬂexron —in order to overtoad the muscle

completely raise the elbows at the lop of the curl.

Slowly lower lhe bar to the full efbow extension position.

Incline dumbbell Brceps Cuel, Standmg Easy Curl Bar Preacher Curl
Umversal Machme Standmg Barbell Curl Hydra Gym B|cep5 Machme Nautllus Brceps Curt

Table 6.10: Biceps brachii.




Egger, G., Champion, N., & Bolton, A. (1998).  The Fitness Leader’s Handbook 4th ed.  East Roseville, NSW: The Kangaroo Press., p71

SOME MUSCLES OF THE HIP & LEGS

[image: image11.png]Summary of the Hip Flexor Muscles
Common attachments

The iliacus and psoas major share a common insertion
on the lesser trochanter of the femur

Commeon actions at joints

As both muscles form a common tendon that
passes anterior to the hip joint, they share the
action of hip flexion.

Practical applications
This is the first of a number of muscles in the lower
limb that operate around a boney pulley.

What advantage does this pulley e
arrangement give the muscle? e
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Branches from Jumbar
spinal nerves 1, 2, and 3

owerful flexor of the hip;
weak lateral rotator of the
hip joint; Extends the lumbar
vertebral column (deepening
the Jumbar curve) to maintain
posture

vertebrae and lateral aspect of
lumbar vertebral bodies
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[image: image12.png]Hip Muscdles - Gluteal Muscles

This large, powerful group of four muscles surround the hip joint much like
the deltoid surrounds the shoulder joint. They are primary movers of the hip
joint and play significant roles in stabjlizing the joint in our bipedal gait.

Gluteus minimis
Gluteus medius

Gluteus maximus

Tensor fasciae latae
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Gluteus Maximus

[image: image13.png]Musc\e action:

Sports action:

Kmeslologlcal analy5|s

Biceps femoris

Semltendlnosus

Semtmembranosus

Origin:

Insemon

The strong action of gluteus maximus is seen in running, hopplng. sklppmg, cyclmg, rowmg and j ]umpmg

lSChlUm
Tibia

. Wide area on the pos(enor surface of the pelvis.

Outer surface‘of tﬁe crest of the |l|um posterior surface of the sacrum and fascla of the lumbar area. o
Gluteal line of femur and iliotibial band of fascia latae.

Extension of the hip at the thigh. Outward rotation of the thigh and some leg adduction

This large superfc{aI muscle of the buttocks is a potentially powerful hip extensor. In addition, the uppermost '
fibres are in a position to abduct the thigh, while the lower portion of the muscle adduct it.

Tuberosity of Ischlum and central line of femur - llnea aspera

Exernlse lechmque i)

Barbell should be resting on the shoulders, with feet shoulder width apart.
Grip on the bar should be wider than normal to ensuse balance.

Keeping the trunk as erect as possible, step fnrward W|th a long strlde and lower the body down and forward.
The lead leg should be ful[y flexed W|th most of the welght on this leg.

The rear leg should be slightly flexed — trunk as erect as puss:ble. T

Keep the head up and focus an a posmun at eye! tevel.

Free welghts

Machme sys(ems

i The Squat, Dead Liff, Step Ups with Dumbbells

Leg Press Universal Toial Hip, Stair Climbing

Table 6.14: Gluteus maximus.




[image: image14.png]Introdoction to Muscles

Crural Musdes ~ Anterior Compariment
This group of four muscles all cross the anterior aspect of the ankle joint and
are the dorsal flexors of that joint.

Crural Musdes - Lateral Compariment
There are two muscles in this group and both of the muscles plantar flex the
ankle joint and evert the foot.

Crural Musdes - Posterior Compartment
This large group of muscles forms the bulk of the musculature in the leg. All
the muscles are posterior to either the knee or ankle joint. Some help with
flexion of the knee, but they are primarily involved with plantar flexion of the
ankle joint.
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[image: image15.png]Latera! pasterior side of the femur, near the knee.

Palpation:

Origin: Long head — tuberosity of ischium. Shart head — central {ine of femur — linea aspera.

Insertion: Head of the fibula and lateral condyle of tibia.

Muscte action: Extension of the thigh at the hip. Flexion of the leg at the knee. Outward rotation of the femur.

Sports action: Works in association with the other two hamstrings and is used in ait running jumping and skipping type movements,
Kinesiologicat analysis: The biceps femoris forms the outer hamstring. Only its long head crosses the hip joint. Its effectiveness as an

extensor is in reverse proportion to the degree of flexion of the knee joint. if the knee is sharply flexed, the
muscle has insufficient tension to act effectively at the hip joint.

Cee =
Semitendinosus i Tuberosity of the ischium.

Insemon Upper anterior medlal condyle of the tibia.
Semimembranosus Ongm Tuberosity of the |schmrn
Insertion: Posterior surface medial condyle of the tibia.

Outer surface of the crest of the ilium, post

Gluteus maximus

Insertion:  Gluteal line of femur and iliotibial band of fascia latae.

Lie face down on the bench with the knees just off the end.
Adjust the pads to fit the behind the ankles,

Bend the knees m curl the pads as high as posslble and to lhe butlo:ks

iv} Slow!y lower con(rolhng the monon a[l the way to the start pusmon
v) The hxps have a natural tendency tu move |nto hip |o|nl flexlon durlng thls exercise. )
vi) This action raises the origin of the hamstrings, making them more biomechanically effectwe as knee joint fiexors.

Free welghts The Squat Hugh Block Lunge Dead i

Machme systems Stand

Palpation: : Any place on the an(enor surface of the femuv
K 6}ig|}|:‘ I e VA;t;mrmfenorlllac spme oftf;gli‘um, T T - o
Ir?sertio . Top of the patella and patellar ligament to the tibial tuberosity.

;J\ﬁ-scle actnun T Flexion of the thigh at the hip. Extension of the leg at the knee.

Sports‘a’c’ﬁon. T The rectus femoris is used in all sports that require hip flexion followed by lower leg extension. it is therefore

essential in all explosive movements such as kicking a football, running, jumping etc.

Kmeslaloglcal analys|s~ ; The rectus fernons is the maost superﬁclal of the quadnceps group and is the only one of the four that acts
at the hip joint.

Origin: Medial lip of the linea aspera, intertrochanteric line.
Insertion: Patella and patellar ligament to the tibial tuberosity.
Origin: Outer surface of the femur below the greater trochanter and linea aspera of the femur.

Insertion: Patella and patellar l:gament tn the tibial tuberoslty

Origin: Uppel two thlrds of(he anterlor surface of the femur.

Insertio Patella and patellar hgamen! to the tlblal tubemslty

Sit on a leg extension machine so the knees are at the end of the bench and let the shins hang
vemcally

Place the instep of the fmnt of thé énkle lmnt agamst the rollers

Lean the trunk back to approxlmately ans’ ang\e and hold onto the sides of the bench for support

Extend the legs until they are stra:ght but not locked

Retum lo the start position.

Free'weighits: 5 The Back Squat, The Front Squat, The Lunge

Machine sys(ems o The Hack Squat, The Close Stance Leg Press, Cable Pulley

Table 6.16: Rectus femoris.





The NERVOUS System
Functional classification of neurons groups them according to the direction in which the nerve impulse travels related to the CNS. 

Functional Classifications of Neurons

· Sensory (afferent) neurons transmit impulses from sensory receptors in the skin or internal organs towards the CNS

· Motor (efferent) neurons carry impulses away from the CNS to the effector organs (muscles and glands)

· Association (inter) neurons lie between motor and sensory neurons in the neural pathways and shuttle signals, often through complex CNS pathways where integration occurs

Nerves

· bundle of neural fibres in the PNS

· communication link between the receptors, CNS and effectors. 

· classified according to the direction of impulse propagation as; sensory, motor or mixed. Most nerves are mixed.
Cranial Nerves

· 12 pairs of cranial nerves of which 11 serve the head and neck

· Only the vagus nerves extend into the thoracic and abdominal cavities

· perform sensory and motor functions such as vision, smell, hearing, taste, facial expressions, chewing
Spinal Nerves

· The 31 pairs of spinal nerves (all mixed nerves) arise from the spinal cord and supply all parts of the body except the head and neck

· nerves named according to their point of issue from the spinal cord

The Nervous System

· Human movement regulated by CNS 

· brain & spinal cord

· Reflexes

· Automatic, involuntary reactions

· Two reflexes

· Stretch reflex

· Inverse stretch reflex

· Components of the reflex arc

· Refer to Marchese & Hill, page 49
· Proprioceptors and reflexes

· Proprioceptor: receptor that is involved in movement, posture and locomotion

· Muscle spindles

· proprioceptors found within skeletal muscle

· Respond to changes in length and tension within a muscle

· Responsible for initiating the stretch reflex (ballistic stretching)

· Golgi tendon organs

· Proprioceptors found within tendons near the point where tendon meets muscle

· Respond to tension when muscle shortens or stretches passively

· Responsible for initiating inverse stretch reflex (PNF Stretching: static stretch followed by an isometric contraction of the same muscle against resistance)

· (With endocrine system) is the master controlling and communicating system in the body

· Its role is to receive information, process it and transmit processed information to other cells

The three main functions of the nervous system
· Sensory input

· Change in environment

· Follows afferent nervous system to control centre

· Integration: Efferent division to motor unit

· Motor output: Response 
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Two main divisions

· Central nervous system

· made up of brain and spinal cord

· Contains integrative and control centres

· Peripheral nervous system

· Cranial nerves (12 pair) and spinal nerves (31 pair)

· Communication lines between CNS & the rest of the body (efferent=organs)

· Sensory (afferent) division

· Somatic (surface/ skin) and visceral (organs)

· Carries impulse from receptors to CNS

· Motor (efferent) division
· Effector cells - Motor cells
· Conducts impulses from CNS to effectors

· Autonomic Nervous System

· Involuntary

· Conducts impulses from CNS to cardiac muscles, smooth muscles and glands

· Sensory (afferent) division

· Somatic (surface/ skin) and visceral (organs)

· Carries impulse from receptors to CNS 

· Somatic Nervous System

· Voluntary

· Impulses from CNS to skeletal muscles

Brain Segments

· Cerebral cortex 

· enables perception, communication, memory, understanding, appreciation and voluntary movement

· Cerebellum 

· processes inputs from cerebral motor cortex and sensory receptors to provide precise timing and appropriate patterns for skeletal muscle contraction for smooth, coordinated movements
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· Medulla Oblongata 

· named for its shape ‘oblong’-2 pyramids. 

· Cardiac centre changes heart rate to body’s needs.

· Respiratory centres control rate and depth of breathing. 

· Regulates vomiting, hiccupping, swallowing coughing and sneezing

· Hypothalamus (‘under’ thalamus)

· Main visceral control centre as well as controlling the endocrine system. 

· Vital to homeostasis, controlling temperature and regulating involuntary nervous system and hunger, thirst and sleep-wake cycles 

· Thalamus ‘inner room’

· Collects all afferent impulses

· Edits information

· Recognises whether sensation will be pleasant or unpleasant
· Pituitary gland 

· Major endocrine gland

· Secretes 9 major hormones (ACTH, GH, FSH, LH, Prolactin, TSH, MSH, ADH, Oxytocin)

· Secretes neurohormones (oxytocin, ADH, TSH, GH)

· Joined to hypothalamus dorsally 

· Pons ‘bridge’

· Pathway between higher brain centres of spinal cord

· Holds respiratory centre

· Maintains regular breathing rhythm

· Corpus Callosum 

· Largest of commissaries (connects hemispheres) 

“Need to Know” Sensory receptors

· Muscle spindles

· Proprioceptor and Mechanoreceptor

· Provide sensory information concerning changes in the length and tension of muscle fibres. 

· Main function is to respond to stretch on a muscle and, through reflex action, to initiate a stronger contraction to reduce the stretch

· Golgi Tendon Organ

· Proprioceptor and Mechanoreceptor

· Continuously monitor tension produced by muscle contraction. GTO’s are located within the tendon and thus are in series with with the extrafusal fibres. 

· Serve as “safety devices” that help prevent excessive force during muscular contraction. 

· Send information to the spinal cord via sensory neurons, which in turn excite inhibitory neurons, resulting in relaxation of the muscle

The CARDIO-RESPIRATORY System
· Cardiovascular System + Respiratory System

· Made up of ….

· Heart

· Blood vessels

· Two lungs

· Airways

The Respiratory System

· Responsible for ventilation

· Mechanics of breathing

· Inspiration

· Expiration

· Lung size changes depending on activity

· Surrounding muscles important

· Diaphragm & intercostal muscles contract (increase)

· Abdominal muscles & intercostal muscles (decrease)

	1
	Larynx
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Reference:  http://www.enchantedlearning.com/label/anatomy.shtml

	2
	right superior lobe
	

	3
	right middle lobe
	

	4
	right inferior lobe
	

	5
	Trachea
	

	6
	Left superior lobe
	

	7
	Bronchial tree
	

	8
	cardiac notch
	

	9
	left inferior lobe
	

	10
	Diaphragm
	


Glossary of Terms:
· bronchial tree - the system of airways within the lungs, which bring air from the trachea to the lung's tiny air sacs (alveoli).

· cardiac notch - the indentation in the left lung that provides room for the heart.

· diaphragm - a muscular membrane under the lungs.

· larynx - a muscular structure at the top of the trachea, containing the vocal cords.

· left inferior lobe - the bottom lobe of the lung on the left side of the body.

· left superior lobe - the top lobe of the lung on the left side of the body.

· right inferior lobe - the bottom lobe of the lung on the right side of the body.

· right middle lobe - the middle lobe of the lung on the right side of the body.

· right superior lobe - the top lobe of the lung on the right side of the body.

The lungs

· Used for respiration and gas exchange

· Main components include trachea, pharynx, bronchi, bronchioles, and alveoli

· Lined with mucus secreting cilia to remove microscopic bacteria and dust 

Trachea (windpipe)
· Aka windpipe

· Held open by cartilage allowing continual flow of air to the lungs

· Begins at the epiglottis, leads to bronchi
· the tube through which air travels from the larynx to the lungs
Pharynx

· Air and food pass through pharynx

· Starts at back of nose (nasopharynx) continues down back of the mouth (oropharynx) and down the throat, ends at epiglottis (approximately C4-C6)

Bronchi

· Trachea divides into right and left primary (extrapulmonary) bronchi. 

· On entering the lungs the bronchi become the intrapulmonary bronchi. 

· The left bronchus divides into two lobar bronchial branches, the right - into three lobar bronchial branches. 

· The lobar bronchi of the left lung give rise to eight segmental bronchi, in right lung - to ten segmental bronchi 

Bronchioles

· One of the finer subdivisions of the branched bronchial tree 

Alveoli

· final branchings of the respiratory tree

· The gas-blood barrier between the alveolar space and the pulmonary capillaries is extremely thin, allowing for rapid gas exchange. 

· To reach the blood, oxygen travels through the lungs whereas carbon dioxide and other wastes are removed from the blood in the opposite direction

RESPIRATORY VOLUMES DEFINITIONS
Tidal volume: volume of air that is inspired or expired per breath (at rest ½ litre of air)

Total lung capacity: volume of air within the lungs after a maximal inspiration (about 5 litres)

Residual volume: leftover air in the lungs after expiration (in order to avoid the lungs collapsing)

Vital capacity: maximum amount of air that can be breathed in and out in one breath

Inspiratory reserve volume (IRV): amount of extra air that can be inspired after normal inspiration

Expiratory reserve volume (ERV): amount of extra air that can be expired after a normal expiration

Respiratory minute volume (RMV): volume of air that can breathe in and out in one minute

The CARDIOVASCULAR System
The organization of the heart, the arteries and veins within the human body, in which the heart and blood vessels form and almost closed system (Concise Dictionare of Biology, Gedder and Grosset, 1994)
· The Pulmonary Circuit: Carries blood to and from the lungs.

· The Systemic Circuit: Transports blood to and from the rest of the body.

	1

superior vena cava
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2

tricuspid valve
3

inferior vena cava
4

right atrium
5

Aorta

6

pulmonary artery
7

pulmonary valve
8

pulmonary vein
9

left atrium
10

mitral valve
11

left ventricle
12

right ventricle
13

septum


	


· aorta - the biggest and longest artery (a blood vessel carrying blood away from the heart) in the body. It carries oxygen-rich blood from the left ventricle of the heart to the body.

· inferior vena cava - a large vein (a blood vessel carrying blood to the heart) that carries oxygen-poor blood to the right atrium from the lower half of the body.

· left atrium - the left upper chamber of the heart. It receives oxygen-rich blood from the lungs via the pulmonary vein. 

· left ventricle - the left lower chamber of the heart. It pumps the blood through the aortic valve into the aorta. 

· mitral valve - the valve between the left atrium and the left ventricle. It prevents the back-flow of blood from the ventricle to the atrium.

· pulmonary artery - the blood vessel that carries oxygen-poor blood from the right ventricle of the heart to the lungs. 

· pulmonary valve - the flaps between the right ventricle and the pulmonary artery. When the ventricle contracts, the valve opens, causing blood to rush into the pulmonary artery. When the ventricle relaxes, the valves close, preventing the back-flow of blood from the pulmonary artery to the right atrium.

· pulmonary vein - the blood vessel that carries oxygen-rich blood from the lungs to the left atrium of the heart. 

· right atrium - the right upper chamber of the heart. It receives oxygen-poor blood from the body through the inferior vena cava and the superior vena cava. 

· right ventricle - the right lower chamber of the heart. It pumps the blood into the pulmonary artery. 

· septum - the muscular wall that separates the left and right sides of the heart.

· superior vena cava - a large vein that carries oxygen-poor blood to the right atrium from the upper parts of the body.
· tricuspid valve - the flaps between the right atrium and the right ventricle. It is composed of three leaf-like parts and prevents the back-flow of blood from the ventricle to the atrium.
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· Blood and blood vessels (transport O2, hormones, nutrients, waste)

· Blood

· Plasma

· Red blood cells: heamoglobin – transport O2 & CO2

· White blood cells: immunity

· Platelets: cessation of bleeding

· Blood vessels

· Arteries – carry blood away from the heart; fully Oxygenated blood; pulmonary artery carries deoxgynated blood from the heart over to the lungs so blood can be refreshed with O2; aorta – largest artery – closest to the heart

· Arterioles – link with capillaries

· Capillaries – extremely thin blood vessels; connect arteries to veins

· Venules – small vessels will accept blood from the capillaries then transport blood to veins

· Veins – can carry up to 75% of blood volume at any one time; carry deoxygenated blood back to the heart

The heart

· Four chambers

· Two receiving chambers (atria) and two pumping chambers (ventricles)

· Pumps blood to the lungs (pulmonary circulation) and from the lungs around the body (systemic circulation)

The atria (singular-atrium)

relatively thin-walled storage chambers that receive blood returning to the heart from the circulation. 

· Right atrium receives de-oxygenated blood via three veins

· The superior vena cava returns blood from the body regions superior to the diaphragm

· The inferior vena cava returns blood from the body regions below the diaphragm

· The coronary sinus collects blood draining from the myocardium (heart muscle) itself

· The left atrium receives oxygen rich blood from the lungs via four pulmonary veins

The ventricles

· pumping chambers and comprise most of the heart’s muscle mass. 

· right ventricle 
· pumps blood to the lungs for oxygenation (pulmonary circulation)

· relatively thin-walled chamber, for it doesn’t need to generate a great deal of force

· left ventricle 
· pumps blood to all parts of the body (systemic circulation) against considerable resistance.

· The muscle tissue has adapted to the task and has hypertrophied, that is, become larger and more powerful. 

· Compared to the right ventricle, the left ventricle is a thick-walled chamber 

Cardiac Output
· Where the heart pumps more blood around the body per minute

· Formula

· Cardiac Output (l/min) = Stroke Volume (l/beat) X  Heart Rate (beats/min)

· Stroke volume: amt of blood pumped by the left ventricle each beat

· Heart Rate: # of times heart bpm

· HR increases as exercise increases

Blood Pressure

· Systolic blood pressure



· Contraction of the left ventricle

· At rest: 120 mmHg (mm of Mercury)

· Diastolic

· Relaxation of the heart

· How easily blood is travelling from the arterioles to the capillaries

· At rest: 80 mmHg

Maximal Oxygen Uptake (VO2 max)
· Maximal amt of O2 that can be consumed and used by the body

· Measures aerobic fitness 

· Increases as fitness improves

· At rest: 3.5 ml of O2/kg of body weight per minute to stay alive and well

What happens to the body in endurance training?

· HR at rest & during submaximal exercises decreases

· Stroke volume increases at rest and during exercise

· Max cardio output can improve

· Heart wgt, volume and heart wall thickness increases

· Significant increase in plasma volume (after 3-5 training sessions)

· Increase O2 extraction from circulating blood

· BP at rest and during submax exercise reduces

CV Responses to Exercise
· Increased blood flow to the coronary arteries

· Decreased blood flow to the kidneys

· Maintenance or slight increase in brain blood flow

· Increased blood flow to the working skeletal muscles

· Decreased blood flow to the digestive system

· Increased blood flow to the skin

· Increased cardiac output

Energy for Movement
· Adenosine Triphosphate (ATP)

· molecule that creates energy from food

· The body’s energy currency

· Three different energy systems

· Creatine phosphate system (ATP-PC system) – anaerobic

· Lactic acid (anaerobic glycolysis)

· Aerobic system

Ventilatory and Circulatory Responses to Exercise

Human Ventilation

· Rate:

· Rest ≈ 12 breaths per minute

· Max ≈ 60 breaths per minute

· Depth:

· Rest ≈ 0.5 litres per breath

· Max ≈ 2-4 litres per breath depending on body size

So, when exercising, an average sized person can breathe in approximately 180 litres of air.

Human Ventilation

	Measure
	Rest
	Light Exercise
	Intense Exercise

	Frequency (breaths/min)
	12
	20
	60

	VT (litres)
	0.5
	2.5
	3.0

	VE  (litres/min)
	6.0
	50.0
	180.0


VT means tidal volume, the amount of air that comes into the lungs in one breath.

VE means minute volume, the amount of air that comes into the lungs in one minute of breathing.

· Of that 180 litres of air, 21% is oxygen and 0.04% is carbon dioxide.

· That makes 37.8 litres of O2 per minute that we can bring into our lungs.

· 7-8 litres/minute is about the maximal oxygen uptake, or VO2, for humans.

· When exercising, the air that we breathe out is approximately 15% O2 and 5% CO2, so there is plenty of oxygen to meet our energy needs.

· Our ventilation per minute increases with exercise – and is generally STILL increasing when we reach VO2max.

· This means that it is unlikely that respiration is the limiting factor in aerobic capacity.

· So, from rest to light exercise:

· Depth of breathing increases much more than the rate of breathing.

· From light to intense exercise:

· Depth of breathing changes very little, but the rate of breathing increases greatly.

This rapid increase in the rate of breathing is called the Ventilatory Threshold 

· been linked with the rapid change in [LA] occurring at the anaerobic threshold.

That is why the “talk test” gives an indirect gauge at whether someone has “gone lactic.”

Some Causes of Increased VE During Exercise

· Chemoreceptors

· pH

· CO2 saturation

· O2 saturation

· Temperature, ↑ temperature = ↑ VE

· Motor Cortex, thinking about exercise ↑ VE
· Proprioceptors, passive movement ↑ VE
At the Ventilatory Threshold

· VE increases

· VE/VO2 increases

· FEO2 increases

· The fraction of expired air which is O2.

· We aren’t taking as much O2 out of the air as at a lower workload.

· FECO2 decreases

· The fraction of expired air that is CO2.

· We aren’t exchanging as much CO2 out of our system as at a lower workload.

Other Respiratory Responses to Exercise

· The “Stitch”:

· Caused by unfit respiratory muscles.

· Can be prevented/treated by:

· Warming up properly

· Stretching the affected area

· Massaging the affected area
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· The “Second Wind”:

· Caused by unfit respiratory muscles.

· Can be prevented/treated by:

· Warming up properly

· Stretching the affected area

· Massaging the affected area

Cardiovascular Responses to Endurance Capability

Cardiovascular Variables

· Heart Rate: How fast the heart can beat.

· Stroke Volume: The amount of blood the heart pumps with every beat.

· Cardiac Output (or Q): The amount of blood the heart pumps in a minute.

· Equals: Heart Rate  x  Stroke Volume

· Rest:  70bpm  x  70ml  =  4.9L

· Maximal:  200bpm  x  150ml  =  30L

Heart Rate

· Maximal HR values are influenced by:

· Age

· Gender 

· Males  ≈  220 - age

· Females  ≈  226 - age

· Mode of Exercise (amount of muscle mass involved)

· Training Status

Why does HR decrease with training?

Q:  Maximal, sub-maximal, and resting heart rates all decrease with training, why?

A: Training induces an increase in stroke volume.

	 
	Before Training
	After Training

	Heart Rate
	60 bpm
	40 bpm

	Stroke Volume
	80 ml
	120 ml

	Cardiac Output
	4.8 litres
	4.8 litres


What Factors Influence SUB-maximal Exercise HR?

	· Age
	· Gender

	· Training Status
	· Mode of Exercise

	· Duration of Exercise
	· HR increases after about 20-30 min of same work

	· Exercise in the Heat
	· HR increases as skin requires increased blood supply

	· Food, Caffeine, Smoking
	· Increase resting and sub-maximal HR if taken within 2 hours

	· Exercise in the previous 24 hours
	· Make sure you have the same recovery before each test


Stroke Volume

· Stroke volume is thought to reach its HIGHEST levels at LOW levels of effort:

· As low as 120 bpm or about 40% VO2max

· This means that up to this point, HR can’t be the only guide to a person’s fitness because stroke volume is still increasing.

· Above 120 bpm, HR is a valid indicator of cardiovascular effort & endurance.

· Stroke volume is thought to reach its HIGHEST levels at LOW levels of effort:

· As low as 120 bpm or about 40% VO2max

· Note, however, that in VERY well-trained athletes, stroke volume can continue increasing all the way to maximal effort (probably due to a better blood volume.)

· Apart from measuring stroke volume in ml of blood, we also measure stroke volume in a unit of oxygen per heartbeat, or the “Oxygen Pulse”:

· This is calculated by dividing the oxygen uptake by the heart rate, or:   VO2 / HR

· For instance, at a set workload an athlete may have an oxygen uptake of 4.0 litres/minute.  At this level their HR may be 160 bpm.

· 4.0 litres = 4000ml

· 4000ml / 160bpm  =   25 ml per heartBEAT

Why does stroke volume decrease?

· Stroke volume slowly decreases as the body loses fluid through sweat and respiration.

Why does heart rate increase?

· Heart rate increases to account for the decrease in stroke volume.
What happens to cardiac output?

· Cardiac output stays consistent (here 20 litres per minute) as long as the workload is consistent, but sooner or later the workload will have to drop unless fluid & fuels are replenished.
The Digestive & Energy System, Endocrine System, Urinary System, Lymphatic System, Integumentary System
The DIGESTIVE System

Why is digestion important?

The food we eat is not in the form of nourishment; therefore, we must change it into smaller molecules of nutrients in which they can be absorbed into the blood and carried to cells throughout the body

The digestive system is made up of the digestive tract and a series of hollow organs joined in a long, twisting tube from the mouth to the anus and other organs that help the body break down and absorb food.  Inside these hollow organs is a lining called the mucosa.

The main groups of the Digestive System are:


· Alimentary canal (gastro-intestinal tract)

· Mouth, pharynx, oesophagus, stomach, small intestine, large intestine (colon), rectus, anus

· Accessory digestive organs

· Teeth, tongue, several large digestive glands

· “Solid” digestive organs: liver and pancreas
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The Digestive System
· anus - the opening at the end of the digestive system from which feces exit the body.
· appendix - a small sac located near the start of the large intestine.
· esophagus - the long tube between the mouth and the stomach. It uses rhythmic muscle movements (called peristalsis) to force food from the throat into the stomach.
· gall bladder - a small, sac-like organ located by the duodenum. It stores and releases bile (a digestive chemical which is produced in the liver) into the small intestine.
· large intestine - the long, wide tube that food goes through after it goes through the small intestine.
· liver - a large organ located above and in front of the stomach. It filters toxins from the blood, and makes bile (which breaks down fats) and some blood proteins.
· mouth - the first part of the digestive system, where food enters the body. Chewing and salivary enzymes in the mouth are the beginning of the digestive process (breaking down the food).
· pancreas - an enzyme-producing gland located below the stomach and above the intestines. Enzymes from the pancreas help in the digestion of carbohydrates, fats and proteins in the small intestine.
· rectum - the lower part of the large intestine, where feces are stored before they are excreted from the body.
· small intestine - the long, thin winding tube that food goes through after it leaves the stomach.
· stomach - a sack-like, muscular organ that is attached to the esophagus. When food enters the stomach, it is churned in an acid bath.
· Role of the stomach
· Three mechanical tasks

· stores the swallowed food and liquid. 

· mix up the food, liquid, and digestive juice produced by the stomach. 

· empty its contents slowly into the small intestine.

· Several factors affect emptying of the stomach
·  kind of food 

· degree of muscle action of the emptying stomach and the small intestine

· Carbohydrates spend the least amount of time in the stomach

· Protein stays in the stomach longer

· Fats stay in the stomach the longest

· The Digestive Process controlled by Hormone Regulators
· Gastrin 

· causes the stomach to produce an acid for dissolving and digesting some foods

· also necessary for normal cell growth in the lining of the stomach, small intestine, and colon.

· Secretin 

· causes the pancreas to send out a digestive juice that is rich in bicarbonate.

· CCK 

· causes the pancreas to produce the enzymes of pancreatic juice, and causes the gallbladder to empty. 

· promotes normal cell growth of the pancreas

· Additional hormones in the digestive system regulate appetite:

· Ghrelin

· produced in the stomach and upper intestine in the absence of food in the digestive system and stimulates appetite.

· Peptide YY 

· produced in the digestive tract in response to a meal in the system and inhibits appetite.

· Both of these hormones work on the brain to help regulate the intake of food for energy.
Energy for Movement
· Adenosine Triphosphate (ATP)

· molecule that creates energy from food

· The body’s energy currency

· Three different energy systems

· Creatine phosphate system (ATP-PC system) – anaerobic

· Lactic acid (anaerobic glycolysis)

· Aerobic system

The Energy Systems
In order that we can function our body’s need energy, all the cells in our body’s use the same source of energy a molecule called:


ADENOSINE TRIPHOSPHATE (ATP)

Simply put (ATP) consists of a large molecule called ADENOSINE and three smaller phosphate groups.

ADENOSINE + P + P + P

(ATP) is produced in the mitochondria of cells, these are found within the cell bodies. It is incorrect to say that (ATP) is produced directly by the food we eat, this will become clear later.

Whilst (ATP) is the source of energy in the body we are particularly interested in how (ATP) creates the energy for muscles to work.

Energy for muscle work is released when one of the chemical bonds of (ATP) is broken releasing one phosphate molecule and creating (ADP) Adenosine Diphosphate or ADENOSINE + P + P.  In order that the muscle can continue to work (ADP) must be resynthesised into (ATP)

At rest (ATP) is always present in healthy living muscle, however there is only enough to last for about 1 sec of activity, therefore it must be constantly resynthesised.  There are 3 systems that resynthesise (ATP) these are known as the energy systems.  All 3 energy systems resynthesise (ATP) in a different manner, which is dependant on duration, power, and speed required for the muscle work.  These systems are linked.  It is not true to say that one energy system is switched on for a particular event, they all operate together but one may be dominant.

The following notes will look at each energy system in detail in relation to muscle work.

The energy systems can be broadly described as the ANAEROBIC and the AEROBIC systems.  This is to say the former resynthesises (ATP) without oxygen present and the latter has oxygen present when it resynthesises (ATP).
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THE PHOSPHATE SYSTEM

During extremely high intensity exercise (ATP) will be used at a far greater rate than it can be produced aerobically.  Under these conditions rapid renewal of (ATP) is extremely important.  This is brought about by using a similar molecule called CREATINE PHOSPHATE, which is stored in the muscles ready for such rapid energy demands.  When the CREATINE PHOSPHATE molecule is split this releases energy, which in turn bonds the now free phosphate to (ADP) and produces (ATP).

Energy produced using this system is of very short duration as CREATINE PHOSPHATE levels drop rapidly, resulting in fatigue in 5 - 10 secs.  Stores of CREATINE PHOSPHATE are however quickly replaced, returning to near normal levels in a few minutes: Hence the ability of a 100 meter runner to recover rapidly.
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Notice the energy released as CP is split is used to bond PHOSPHATE to (ADP), and the energy released as (ATP) splits is used to split CREATINE PHOSPHATE, this is known as a coupled reaction.  This is the strength and power energy system.

The level of ATP/CP stores and the ability to activate them are muscle specific.  Training in one muscle will have no physiological effect on other muscles.  This system is associated with Fast Twitch (1) white fibre of high fatigueability and few mitochondria. 

Phosphate anaerobic training

-
Discontinuous ( short interval )

-
Maximum intensity

-
Full recovery between sets of activity

Activities that use this system predominantly are:-

-
Short sprints

-
Jumping

-
Throwing

-
Some team sports.

THE LACTATE SYSTEM

The lactate system is used when the exercise is of high intensity and short duration, and the requirements for the production of (ATP) exceed the amount of available Oxygen.  Energy needs to be produced at a faster rate than the cardio- respiratory system can supply Oxygen to the working muscles.

The process by which (ATP) is resynthesised is as follows, carbohydrates in the form of glycogen are stored in the muscle.  The breakdown of this glycogen provides the energy for resynthesis of (ATP).  This results in a partial breakdown of the glycogen which produces lactic acid.  As the levels of lactic acid accumulate muscular fatigue will result and activity will have to slow.   

The lactic acid produced is reconverted into glycogen by the liver and muscles.  This process takes time, an athlete will require a greater recovery for this to occur.
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The anaerobic threshold  is the point where the lactic acid build up produces significant deterioration in performance - muscle fatigue, loss of form, a stitch, spiking heart rate, dizziness, nausea, spots before eyes, dry mouth, or fainting.  In an unfit person, this occurs after about 30 seconds of work at an intensity of between 60% and 70% of age predicted maximum heart rate.  In a fit person, this occurs after about 60 seconds of work at an intensity of between 70% and 85% of age predicted maximum heart rate.

The body can 

-
excrete the lactic acid via the kidneys, or 

-
process the lactic acid back into glycogen via the liver, which means that there can be quick recovery from use of this energy system (3-5 minutes).

Lactic anaerobic training

· Discontinuous (interval, fartlek)

· Short, strenuous bouts, pushing at the individual's anaerobic threshold, spaced between low intensity recovery periods.  For an unfit individual, this would be between 60% and 80% of age predicted maximum heart rate.  For a fit individual, this would be between 80% and 100% of age predicted maximum heart rate.

· This energy system is highly trainable - increased tolerance towards high levels of lactic acid, and increased reprocessing ability.

· The training effect is muscle specific.
· Training should be proceeded by some light aerobic work, in order to increase efficiency and reduce the risk of injury.

· An adequate active recovery period is imperative, to allow the body to remove and process lactic acid from worked muscles - recovery exercise must be muscle specific.

· This system is associated with Fast Twitch (2) white fibres that are resistant to fatigue but still have few mitochondria.

THE AEROBIC SYSTEM

The production of energy using this system also takes place in the muscle cells, but is confined to the Mitochondria, as we have discussed muscle cells have many Mitochondria.  This means there is an abundance of (ATP) for use.  In addition to Glycogen, fats and proteins are also used as a source of energy for the resynthesis of (ATP).  Because this process occurs in the presence of Oxygen the fuels are broken down more completely into a molecule called PYRUVIC ACID which is then further broken down in a very complex process called the Krebs cycle into CARBON DIOXIDE and WATER. 

The CARBON DIOXIDE is removed from the body via the normal functions of the Cardio- respiratory system and exhaled.  The WATER is either retained for use in normal cell function or excreted as sweat or urine.
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Because there is no build up of LACTIC ACID muscle fatigue does not occur to the same extent.  The aerobic system is the long-term/low intensity energy supplier.  It can produce large amounts of energy, but slowly.

You can train the body's aerobic efficiency using any of the body's muscles, although the results are more pronounced if you use large muscle groups, such as the leg muscles in running or cycling.  It can be called a full body, or central, system because of this.

Aerobic training

· Continuous, for a minimum time of twenty minutes.

· Mildly strenuous, within the individual's aerobic training zone.  For an unfit individual, this would be between 40% and 60% of age predicted maximum heart rate.  For a fit individual, this would be between 50% and 70% of age predicted maximum heart rate.

Activities like Long distance running, swimming, rowing use this system, however anaerobic systems may be needed for a final “kick”.
The ENDOCRINE System

Just as the nervous system sends electrical messages to control and coordinate the body the endocrine system has a similar job, but uses chemicals (i.e., hormones) to “communicate”. 
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The URINARY System

· organ system that produces, stores, and eliminates urine.

· Kidneys (2), two ureters (2), the bladder, and the urethra
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The LYMPHATIC System

· specialised component of the circulatory system 

· Consists of a moving fluid (lymph) derived from the blood and tissue fluid and a group of vessels (lymphatics) that returns lymph to the blood. 

· Lymphatic vessels parallel veins. 

· Two important functions 

· Maintenance of fluid balance in the internal environment. 

· Immunity 
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The INTEGUMENTARY System

· largest organ in the body

· 12-15% of body weight, with a surface area of 1-2 meters

· Two distinct layers: Dermis and Epidermis

· Skin function in homeostasis include protection, regulation of body temperature, sensory reception, water balance, synthesis of vitamins and hormones, and absorption of materials. 

· Primary functions

· to serve as a barrier to the entry of microbes and viruses

· to prevent water and extracellular fluid loss
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