Anatomy and Physiology for Exercise and Health
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UNIT 1 ANATOMY AND PHYSIOLOGY FOR EXERCISE AND HEALTH
On completion of this unit the learner will be able to understand the:










Structure and function of the skeleton
Joints of the skeleton
Muscular system
Life-course of the musculoskeletal system and its implications for special populations and exercise
Structure and function of the respiratory system
Structure and function of the circulatory system
Nervous system and its relation to exercise
Energy systems and their relation to exercise
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THE SKELETAL SYSTEM
The skeletal system consists of bone, cartilage and ligaments.
Bone
Bone is calcified connective tissue that forms most of the adult skeleton. The skeleton consists of
approximately 206 bones.

Anterior View of Skeleton

Posterior View of Skeleton
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FUNCTIONS OF THE SKELETON
Functions
Framework

Description
To provide a framework which supports the body and gives it shape

Movement

Or Locomotion. Bones form joints which act as levers

Protection

Helps protect our vital internal organs from being damaged

Soft tissue attachment

Provides surfaces for the attachment of soft tissues

Production

Certain bones produce red blood cells, white blood cells, and platelets
from their bone marrow
Stores minerals such as calcium and phosphorus to withstand powerful
physical stresses. Fats are stored in yellow bone marrow

Storage

THE AXIAL AND APPENDICULAR SKELETON
The skeletal system can be divided into two parts:
Axial skeleton – skull, spine, ribs, and sternum
Appendicular skeleton – shoulder girdle, upper limbs, pelvic girdle, and lower limbs

AXIAL SKELETON
Location

Bones

No.
bones

of

Skull

Cranial

8

Head

Spine

Vertebrae:
Cervical

7

Neck

Thoracic

12

Chest

Lumbar

5

Lower back

Sacral

5

Rump(fused)

Coccygeal

4

Tail(fused)

Chest

Ribs (costals)

12 pairs

Originate from the thoracic vertebrae and wrap
around the body to form the chest. The first 7 pairs
attach to sternum (true ribs). The next 3 pairs share a
cartilaginous attachment to the sternum (false ribs).
The final 2 pairs are free (floating ribs)

Chest

Sternum

1

Attachment for true ribs, false ribs and clavicle

Additional Information
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APPENDICULAR SKELETON
Location

Bones

No.
bones

Shoulder

Scapula

2

of

Additional information

Plural = Scapulae. Triangular bones at the rear
(posterior) of the body

(shoulder blade)

‘S’ shaped bones above (superior) the rib cage and at
the front (anterior) of the body

Clavicle

Arm

Hand

Pelvis

Leg

6

(collar bone)

2

Humerus

2

Upper arm

Radius

2

Outer and shorter bone of the forearm

Ulna

2

Inner and longer bone of the forearm

Carpal

16

2 rows of 4 bones which form the wrist

Metacarpal

10

Palm of the hand

Phalange

28

Finger bones

Ilium

2

Large flat bones of pelvis

Ischium

2

Lower (inferior) rear of pelvis

Pubis

2

Lower (inferior) front of pelvis

Femur

2

Longest bone in the body

Patella

2

Kneecap

Tibia

2

Larger and inner (medial) bone of the lower leg
Smaller and outer (lateral) bone of the lower leg

Foot

Fibula

2

Tarsal

14

Bones of the ankle

Metatarsal

10

Bones of the foot

Phalange

28

Bones of the toes
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BONE CLASSIFICATION
Bones can be classified by shape and form
Classification
Long

Description
Are longer than they are wide. Contain mostly
compact bone in the shaft (diaphysis) and
cancellous bone at each end (epiphysis)

Examples
Humerus, Radius, Ulna, Femur,
Tibia,
Fibula,
Metacarpals,
Metatarsals, Phalanges

Short

As long as they are wide. Usually consist of mainly
cancellous bone which makes them strong and
lightweight

Carpals, Tarsals

Flat

Thin cancellous bone sandwiched between 2 layers
of compact bone. Provide large areas for muscle
attachment

Cranial, Scapula, Costals, Sternum,
Ilium

Irregular

Their many different shapes prevent them from
being classified in any other group

Vertebrae

Sesamoid

‘Seed-like’. Located within tendons at site of
tension or friction to protect joint and aid leverage

Patella

STRUCTURE OF A LONG BONE
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Epiphysis

Expanded portion at each end of the bone

Diaphysis

Shaft of the bone

Hyaline Cartilage

Covers the bone ends

Periosteum

Tough fibrous sheath covering the entire bone

Compact bone

or ‘cortical’ bone which is solid, dense, and rigid

Cancellous bone

or ‘spongy’ bone which is light, porous, and flexible

Medullary cavity

Hollow tube down the centre of the compact bone

Yellow marrow

Stores fat

Red marrow

Aids in the production of blood cells

BONE FORMATION
Most of the skeleton begins as cartilage, very strong fibres of collagen which are gradually replaced by
compact or cancellous bone. This can be living or non-living material in a human being, both of which
contribute to the evolving cycle of bone formation. A number of cells play important roles in this process:

Osteoblasts

Bone forming cells

Osteoclasts

Bone destroying cells

Osteocytes

Osteoblasts which have matured into bone cells

OSSIFICATION
The constant activity of osteoblasts and osteoclasts, with the addition of minerals and salts, is the process by
which new bone is produced. The blood aids the process by depositing these minerals into the bone via
osteoblasts. In contrast, osteoclasts occupy small depressions which have been created on the bone surface by
enzymes. They dissolve collagen and minerals which are then released back into the bloodstream.
Calcium compounds must be present for ossification to take place, and ossification is complete between the
ages of 18 and 30. The growth and lengthening of long bones continues throughout this time. Lengthening or
elongation is achieved by the expansion of epiphyseal plates at each end of the diaphysis.
These plates expand allowing new cells to form and increase the length of the shaft at both ends. The process
stops when the thickness of the epiphyseal plates decreases which occurs at different rates for different
bones. Stresses of physical activity contribute to bone strength.

FACTORS AFFECTING BONE FORMATION
Bone development is influenced by:





Nutrition
Hormonal excretions
Exposure to sunlight
Physical exercise

Bone health may be influenced by many factors from maternal nutrition, through toddler and pre-school
years, with calcium intake playing an important role. Calcium can only reach its full bone building potential if
the body has enough vitamin D. Calcium helps build and maintain bones while vitamin D helps the body absorb
calcium effectively. We can get most of our vitamin D from exposure to sunlight.
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Hormones are made in glands and travel around the body via the bloodstream. They are important in the
balance between formation and re-absorption of bone.
Physical activity causes new bone tissue to form. The stress placed on bones during weight-bearing activity has
a direct influence on bone strength.

The Spine
The spine develops from a single curve during foetal development into four curves, two concave, and two
convex.
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The cervical and lumbar regions with concave curves give the greatest range of movement.

Neutral Spine
A neutral spine describes the ideal position to minimise stress on the vertebrae and its ligaments. In turn,
achieving this posture during physical activity will help to reduce the risks of back pain. It will also allow
musculature to perform in a balanced way and maintain this optimal spinal curvature.

Postural Abnormality
Deviation from optimal spinal posture can be common. Pregnancy can enhance curvature of the lower spine to
shift the centre of gravity backwards and compensate for the extra weight at the front. Postural abnormality
can be present at birth, or can occur at any stage of life, and can be temporary or permanent.

Lordosis

The spine curves significantly inward at the lower back

Kyphosis

Characterised by an abnormally rounded upper back

Scoliosis

A sideways curve which is often s-shaped or c-shaped

Connective Tissue
Connective tissue supports, connects, surrounds, or separates different types of tissues and organs of the
body. The bones of the human skeleton form the basic framework for the entire body but need a series of
other structures to give the body its shape and functionality:




Cartilage
Ligaments
Tendons

Cartilage
Three types of cartilage found in the body perform separate functions. It is very tough, dense, and fibrous, and
these characteristics allow it to withstand great forces of torsion and compression. Despite its strength it can
be worn over time or torn during trauma, and has a limited ability to heal itself as it has no blood vessels of its
own.
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Hyaline (Articular) Cartilage
The most common type:







Covers the ends of bones
Glossy blue-white in appearance
Present in synovial and cartilaginous joints
Very tough
Smooth and becomes slippery when lubricated with synovial fluid
Reduces friction during joint movement

Fibrocartilage




Found in intervertebral discs, joint capsules, and ligaments
The strongest type of cartilage
Can act as a shock absorber in joints

Elastic Cartilage





Found in the external ear, epiglottis, and larynx
Threadlike network of fibres which contain elastin
Elastic properties allow it to return to original shape
Also has collagen fibres to give it strength

Ligaments
Ligaments are white in colour and extremely tough. Their non-elastic fibrous tissue can be either cord-like or
strap-like in construction and provide stability to joints. Ligaments help to guide joints through normal
movement patterns and also prevent unwanted movement. This means they can endure great tension being
placed upon them, although excessive tension can cause damage which is referred to as a tear or sprain.

Connect bone to bone




Provide joint stability
Aid joint movement
Prevent unwanted movement

Tendons
Tendons are similar to ligaments in construction. They too can be cord-like or strap-like in construction. Their
role is to transmit the forces produced by muscles to allow the bones to act as levers. One tendon can be
responsible for the actions of multiple muscles. Tendons are extremely tough but can be placed under
excessive tension which can cause damage, referred to as a tear or strain.



Connect muscle to bone
Transmit forces produced by muscles

Blood Supply
Cartilage has a very limited blood supply which means that when damaged it is unlikely to repair. It is common
for damaged cartilage to be removed as a surgical procedure. Ligaments have a limited blood supply provided
from their attachment sites to bone. Therefore the healing time is slow in comparison to tendons which have a
far greater blood supply gained from the surrounding soft tissues to which they are attached.

Anatomical Terminology
The anatomical position is the reference point in describing the relation of body parts to one another. The
body is erect with the arms at the side and palms facing forward.
When describing the structures of the body it is important to use terms which encourage precision. Using the
anatomical position as a starting point, the following standardised terms are designed to avoid confusion:

Anterior

In front of/at the front of the body

Posterior

Behind/at the back of the body

Medial

Closer to the midline of the body

Lateral

Further from the midline of the body

Superior

Above another part of the body

Inferior

Below another part of the body
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JOINTS
A joint is the location at which bones connect. This can be a junction between two or more bones and they are
constructed to allow movement. Joints are classified according to how the bones connect to each other and by
the degree of movement available. There are three types of joint:




Fibrous
Cartilaginous
Synovial

Fibrous
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Immovable and interlocking bones joined by fibrous tissue that is rich in collagen fibres. E.g. bones of the skull

Cartilaginous
Slightly moveable bones joined together by cartilage, e.g. vertebrae of the spine

Synovial
Freely moveable, these are the most common type of joint in the body. All synovial joints have common
characteristics:





Ends of bones are covered with hyaline cartilage
Surrounded by a fibrous capsule
Capsule lined by a synovial membrane that secretes synovial fluid for lubrication
Enclosed by ligaments for stability

There are six types of synovial joints:







Gliding or Plane joints
Hinge joints
Pivot joints
Condyloid or Ellipsoid joints
Saddle joints
Ball and socket joints

Joint type
Gliding or Plane

Mechanical diagram

Example
Acromio-clavicular

Function
Allow two bones to slide past each
other

Acromio-clavicular

Hinge

Knee

Bones can only move though
flexion and extension

Knee
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Pivot

Atlas-axis

Allows rotation around an axis

(C1-C2)
Atlas-axis

Ball and socket

Condyloid
Ellipsoid

Hip

Allows movement in almost any
direction. The greatest amount of
joint movement in the body

Metacarpophalangeal

Similar to ball and socket joint but
allow a lesser degree of movement

Hip

or

(knuckles)
Metacarpophalangeal
Saddle

Carpo-metacarpal
(thumb)
Carpo-metacarpal

Similar to ball and socket/saddle
joints without rotational movement

Joint Movements

Terminology

Description

Spine
Flexion

Decrease in the angle of the joint

Extension

Increase in the angle of the joint

Lateral flexion

Bend to the side

Rotation

Rotate about the long axis of the bone

Shoulder and Hip
Flexion

Decrease in the angle of the joint

Extension

Increase in the angle of the joint

Abduction

Move away from the mid line of the body

Adduction

Move towards the midline of the body

Medial rotation

Movement around the longitudinal axis of the bone
towards the centre of the body

Lateral rotation

Movement around the long axis of the bone away
from the centre of the body

Circumduction

Circular or cone-shaped movement

Shoulder girdle
Elevation

Upward movement

Depression

Downward movement

Protraction

Forward movement

Retraction

Backward movement

Knee
Flexion

Decrease in the angle of the joint

Extension

Increase in the angle of the joint

Medial rotation

Movement around the longitudinal axis of the bone
towards the centre of the body
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Lateral rotation

Movement around the longitudinal axis of the bone
towards the centre of the body

Ankle
Plantar flexion

Move foot away from shin

Dorsiflexion

Move foot towards shin

Inversion

Move foot towards midline of body

Eversion

Move foot away from midline of the body
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Elbow
Flexion

Decrease in the angle of the joint

Extension

Increase in the angle of the joint

Pronation

Palm of hand facing downward

Supination

Palm of hand facing upward

Wrist
Flexion

Decrease in the angle of the joint

Extension

Increase in the angle of the joint

Ulnar deviation

Bend wrist towards little finger

Radial deviation

Bend wrist towards thumb

EFFECTS OF EXERCISE ON THE SKELETAL SYSTEM
There are both short term and long term effects of exercise on the skeletal system. Short term is the period
while exercising and long term indicates the effects of appropriate exercise sessions over a sustained period of
time.



Short term effect - increase in synovial fluid production
Long term effects- stronger ligaments and increased bone density

The Muscular System
Muscles have the ability to contract, producing movement in the body or maintaining the position of parts of
the body.
Types of Muscle Tissue
There are three types of muscle tissue:






Smooth muscle
Cardiac muscle
Skeletal muscle
Smooth Muscle

The most diverse type of muscle in the body:



Found in internal organs e.g. digestive and circulatory systems
Involuntary as it is controlled by the autonomous nervous system
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Cardiac Muscle
Also known as Myocardium



Found in the heart
Involuntary as it is controlled by the sinoatrial node

Skeletal Muscle








Represents the majority of muscle in the body
Attaches to bone across joints via tendons
Produces movements within the body
Determines posture by stabilising body position
Transports and stores substances within then body
Generates heat
Voluntary as it is controlled by the somatic nervous system

Muscle Properties
There are four main properties of muscle tissue:

Elasticity

Returns to the original length after a stretch

Contractility

Develops tension in order to perform a contraction

Electrical excitability

Can respond to a stimulus

Extensibility

Ability to be stretched or to increase in length

SKELETAL MUSCLE ANATOMY
There are no exact figures to determine the number of muscles in the human body, although they make up
approximately 40% of body weight. They comprise of 70% water, 23% protein and 7% minerals.
Myofilaments are the rigid protein filaments (actin and myosin) within myofibrils and are responsible for the
creation of tension during contraction. Many myofibrils are grouped together to form a muscle fibre which is
surrounded by endomysium.
The number of muscle fibres varies according to the location and function of each muscle. The greater the
demands of the muscle, the more fibres will be required. Each group of fibres is held together by perimysium
to form a fascicle which means ‘cluster’ or ‘bundle’.
Finally, the many fasciculi are covered by a fascia of epimysium to form the muscle. Connective tissue is
continuous throughout the length of a muscle and these layers come together to form tendons. The tendons
attach to the periosteum sheath which surrounds the bone.

The Sliding Filament Theory
The ability of skeletal muscle to contract is dependent on the movement of protein myofilaments:

Actin

Thin protein strand

Myosin

Thick protein strand

These rigid protein strands do not actually contract or decrease in size, but simply slide over each other to
reduce the size of the space they occupy which is called a sarcomere, (this underlying principle of muscle
movement was popularised as The Sliding Filament Theory in 1954).
There are many myofilaments in each sarcomere. The heads of the myosin, known as cross bridges attach to a
binding site and pull on the actin, causing them to slide inwards causing an overlap in the centre of the
sarcomere. This is known as the contraction phase or ‘power stroke’. The myosin cross bridges then detach
from the actin in the ‘recovery stroke’. At this point, the myosin is free to attach to the next binding site and
repeat the process.
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Muscle cell structure
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TYPES OF MUSCLE FIBRE
There are three different types of skeletal muscle fibres depending on the function they perform. Distinct fibre
types have been classified according to their characteristics:

Classification
Type 1

Structure
Red coloured

Slow twitch

Smallest diameter

Slow oxidative

Large myoglobin content

Function
Increased
delivery

aerobic

Activities
Maintenance of posture

Produce less force
Endurance based activity
Resistant to fatigue
Many mitochondria
Many capillaries
Type 2A
Fast twitch A
Fast oxidative

Red/pink colour Larger
diameter
Large myoglobin content
Many mitochondria

Slow contractions

Requires aerobic delivery
Produce more force

Walking,
sprinting

running

,

Less resistant to fatigue
Fast contractions
Many capillaries

Type 2B

White/pale

Anaerobic delivery

Fast twitch B

Largest diameter

Produce most force

Fast glycolytic

Small myoglobin content

Least resistant to fatigue

Fewer mitochondria

Fastest contractions

Fewer capillaries
Muscle Fibre Type Considerations

Throwing,
weight lifting

jumping,

Muscles contain a mixture of muscle fibre types. The activities performed will determine the proportion of
each fibre type in each. Muscles which are used to support the body will contain more type 1 fibres, such as
the muscles that support the back and the head.
In contrast, the muscles responsible for the force generated by the arms and shoulders will contain more type
2 fibres. The muscles of the legs have a more even distribution of both fibre types as they must generate
movement and support the structure of the body parts above.
Each person will have different fibre type combinations and no two persons are the same. The athletic ability
of each individual will depend on these fibre combinations, which explains the fact that some people excel at
endurance activities and others at power disciplines. Appropriate training can develop the size and capacity of
both muscle fibre types.
It is possible to transform one fibre type to another with an appropriate shift in training. An increase in aerobic
exercise will result in a gradual change from type 2B fibres into type 2A fibres. The opposite will occur with an
increase in resistance training.

MUSCLE ACTIONS
Muscles can perform different kinds of contractions. They can lengthen, shorten, and remain stationary as well
as generating forces to move at differing speeds:

Concentric

Muscle shortens under contraction

Eccentric

Muscle lengthens under contraction

Isotonic

Movements involving both concentric and eccentric contractions

Isometric

Muscle stays the same length under contraction

Isokinetic

Muscle moves at a constant speed during contraction

Muscle Roles
Movement is dependent on coordination of muscle contraction. Each muscle will play a specific role and be
categorised as such. It is important to understand that individual muscles can play a different role depending
on the movement being performed:

Agonist/prime mover

Muscle directly responsible for the desired movement

Antagonist

Muscle that causes the opposite action to the agonist

Synergist

Muscle that assists the prime mover

Fixator

Muscle that stabilises the origin of the prime mover
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Muscle Tone
This refers to a state where fibres are contracting at different times within a muscle to provide an overall level
of tension. The postural muscles work continuously in order to maintain a standing, seated, or lying position
which allows other muscles to generate the forces needed to provide movement. Muscle tone can determine
how we are perceived by ourselves and others in terms of aesthetics and physical ability.

PELVIC FLOOR MUSCLES
Also known as the pelvic diaphragm, these muscles span the area underneath the pelvis along with their
connective and surrounding tissues. They form a sling like structure from the pubis at the front of the pelvis
towards the coccyx at the base of the spine. The structure is pierced by a narrow gap that transmits the
urethra, vagina and anal canal.
The pelvic floor muscles play an important role in providing support for pelvic organs such as the bladder, in
maintaining continence, and also aid in the birthing process. They can respond to training in the same way as
other skeletal muscle and can play a vital role in health and wellbeing.
Structure of the Pelvic Girdle
The bony pelvis consists of the two hip bones (also known as innominate or pelvic bones), sacrum and coccyx.
There are four articulations within the pelvis:




Sacroiliac Joints (x2) – Between the ilium of the hip bones, and the sacrum
Sacrococcygeal symphysis – Between the sacrum and the coccyx.
Pubic symphysis – Between the pubis bodies of the two hip bones.

Fig 1.0 – The parts of the pelvic girdle.
Ligaments attach the lateral border of the sacrum to various bony landmarks on the bony pelvis to aid stability.
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LIGAMENTS AND MUSCLES OF THE SPINE
Ligaments
Ligaments and tendons are fibrous bands of connective tissue that attach to bone. Ligaments connect two or
more bones together and also help to stabilize joints. Tendons attach muscle to bone. They vary in size and are
somewhat elastic.
The system of ligaments in the vertebral column, combined with the tendons and muscles, provides a natural
type of brace to help protect the spine from injury. Ligaments keep a joint stable during rest and movement.
Further, ligaments help to prevent injury from hyper- extension and flexion movements.
Anterior Longitudinal Ligament (ALL)
Primary spine stabilizer. About one inch wide, the ALL runs the entire length of the spine from the base of the
skull to the sacrum. It connects the front (anterior) of the vertebral body to the front of the annulus fibrosis.

Posterior Longitudinal Ligament (PLL)
Primary spine stabilizer. About one inch wide, the PLL runs the entire length of the spine from the base of the
skull to sacrum. It connects the back (posterior) of the vertebral body to the back of the annulus fibrosis.

Supraspinous Ligament
This ligament attaches the tip of each spinous process to the other.

Interspinous Ligament
This thin ligament attaches to another ligament, called the ligamentum flavum, which runs deep into the spinal
column.

Ligamentum Flavum
The strongest ligament. This yellow ligament is the strongest one. It runs from the base of the skull to the
pelvis, in front of and between the lamina, and protects the spinal cord and nerves. The ligamentum flavum
also runs in front of the facet joint capsules.

Muscles and Tendons
The muscular system of the spine is complex, with several different muscles playing important roles. The
primary function of the muscles is to support and stabilize the spine. Specific muscles are associated with
movement of parts of the anatomy. For example, the Sternocleidomastoid muscle assists with movement of
the head, while the Psoas Major muscle is associated with flexion of the thigh.
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Muscles, either individually or in groups, are supported by fascia. Fascia is strong connective tissue. The
tendon that attaches muscle to bone is part of the fascia. The muscles in the vertebral column serve to flex,
rotate, or extend the spine.
The term “muscle imbalance” refers to a condition in the body that is present when opposing muscles are out
of balance with one another in terms of strength, length and/or tension. Opposing muscles are those that
perform opposite functions. They may oppose one another spatially left-to-right or front-to-back. For example,
quadriceps are responsible for extending the knee and the hamstring is responsible for flexing it. One is on the
front of the thigh, and the other, the back.
When opposing muscle groups are imbalanced, one group is tighter and shorter than the other, which is
elongated and lax. Imbalances can cause pain both directly and indirectly. The muscle that is shorter and
tighter is chronically tense; muscle memory has trained it to stay in its shortened position. Tense muscles can
develop knots called trigger points that cause localized and referred pain. The weaker muscle is prone to
strain.
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Muscle imbalances can interfere with posture. Tight muscles exert a pulling force on nearby strictures. If a
muscle connected to the lumbar spine is tight, for example, it can pull the spine forward and create what is
called anterior pelvic tilt. If an imbalance causes postural distortion, pain and dysfunction may be felt
throughout the body.
What causes muscle imbalance? Generally, repetitive activity is to blame. This could occur from poor exercise
habits or from repetitive movements required by your work. When you engage a muscle, the brain sends a
signal to its opposing muscle to relax; this allows the engaging muscle to tense up without resistance. The
process is called recirpocal inhibition. Once muscle memory sets in, the tension and laxity can become chronic.

ORIGINS AND INSERTIONS
Muscle attachments are referred to as origins and insertions. During movement the bones will come towards
each other with one bone travelling further than the other.
The muscle attachment to the stationary bone is called the origin and the attachment to the moving bone
called the insertion. The origin is proximal (closer) to the trunk or midline of the body and the insertion is distal
(further away).
Anterior
Muscle
Deltoids

Area of body
Shoulder

Origin
Clavicle, scapula

Insertion
Humerus

Actions
Abduction, flexion
and extension of
shoulder

Pectoralis major

Chest

Clavicle, sternum

Humerus

Flexion, horizontal
flexion, adduction
and medial rotation
of shoulder

Biceps brachii

Front of upper arm

Scapula

Radius

Flexion of elbow,
supination
of
forearm, flexion of

shoulder

Diaphragm

Beneath rib cage

Sternum,
cartilage,
vertebrae

Intercostals

Between ribs

Rectus
abdominis

Central tendon of
diaphragm

Flattens
during
inspiration, relaxes
during expiration

Borders of ribs

Borders of ribs

Elevate and depress
ribs,
Aids
in
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breathing

Centre of abdomen

Pubis

Sternum

Flexion of spine

Transversus
abdominis

Abdomen behind rectus
abdominis

Iliac crest, lumbar
fascia

Sternum,
linea alba

Internal obliques

Sides of abdomen

Iliac crest, lumbar
fascia

Costal cartilage,

Lower ribs

Iliac crest, linea alba

External obliques

Sides of abdomen anterior
to internal obliques

costal
lumbar

pubis,

linea alba

Compresses
abdomen
Rotation and lateral
flexion of spine,
Compresses
abdomen
Rotation and lateral
flexion of spine,
Compresses
abdomen

Hip flexors

Through pelvis to front of
thigh

Ilium,
vertebrae

Adductors

Inside of thigh

Abductors

lumbar

femur

Flexion of hip

Pubis, ischium

Femur

Adduction, flexion
and medial rotation
of hip

Outside of thigh

Ilium

Femur, tibia

Flexion, abduction
and medial rotation
of hip

Quadriceps

Front of thigh

Ilium, femur

Tibia

Extension of knee,
flexion of hip

Tibialis anterior

Front of lower leg

Tibia

Tarsal, metatarsal

Dorsiflexion
and
inversion of foot

Posterior

Muscle
Erector spinae

Area of body
Both sides of spine

Origin
Vertebrae,
ribs,
ilium,
ischium,
pubis, sacrum

Insertion
Occipital
bone,
temporal
bone,
vertebrae, ribs

Action
Extension,
lateral
flexion and rotation
of spine

Trapezius

Upper back

Base
of
skull,
cervical
and
thoracic vertebrae

Clavicle, scapula

Elevation, depression,
and retraction of
shoulder girdle
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Triceps brachii

Back of upper arm

Humerus, scapula

Ulna

Extension of elbow,
extension of shoulder

Rhomboids

Upper back beneath
trapezius

Upper
thoracic
vertebrae

Scapula

Retraction
shoulder girdle

Latissimus dorsi

Sides of the back

Thoracic
and
lumbar vertebrae,
sacrum, ilium, ribs

Humerus

Extension, adduction
and medial rotation
of shoulder

Gluteus maximus

Bottom

Ilium,
coccyx

Femur

Extension and lateral
rotation of hip

Hamstrings

Back of thigh

Ischium, femur

Tibia, fibula

Extension of
flexion of knee

Gastrocnemius

Back of lower leg

Femur

Heel
(calcaneus)

Soleus

Back of lower
beneath
gastrocnemius

Tibia, fibula

Heel bone

leg

sacrum,

(calcaneus)

bone

of

hip,

Flexion
plantar
ankle

of
knee,
flexion of

Plantar
ankle

flexion

of

THE PLANES OF MOVEMENT
Movements of the human body are often described in terms of the ‘plane’ in which they pass through. There
are three planes of the human body, these planes are shown in the following table.
Frontal

Transverse

Sagittal
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Description

Description

Description

The frontal plane passes through
the body from left to right,
dividing the body into anterior
and posterior portions.

The transverse plane passes through
the body in a line parallel to the floor,
dividing the body into top and bottom
portions.

The sagittal plane passes
through the body from front to
back, dividing the body into
left and right portions.

Example

Example

Example

Side to side movements occur in
the frontal plane, such as raising
your arms or legs out to the side
like in a star jump.

Twisting or rotational movements occur
in the transverse plane, such as twisting
your head from side to side.

Front to back movements
occur in the sagittal plane,
such as walking, pushing,
pulling and squatting.

JOINT ACTIONS
Knowing how the body moves and the actions that various joints allow is crucial for safe and effective exercise
instruction. Some of the key joint actions that you should know are detailed in the following tables.

Horizontal flexion:
Refers to movement where the angle between two bones decreases and on
the horizontal plane.

Horizontal extension:
Refers to movement where the angle between two bones increases and
occurs on the horizontal plane.
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Lateral Flexion:
Refers to movement of the spine laterally away from the midline of the
body. This can be seen when we bend to one side.

Abduction:
Movement of a body segment away from the midline of the body.
Adduction:
Movement of a body segment toward the midline of the body.
Circumduction:
This is a movement where the joint is the pivot and the body segment moves
in a combination of flexion, extension, adduction and abduction.

Protraction:
This is forward movement of the scapula that results in ‘hunching’ of the
shoulders.
Retraction:
This is backward movement of the scapula as they pull together to ‘square’
the shoulders and push the chest out.

Elevation:
Refers to the raising of the scapula to a more superior level (shrugging the
shoulders).
Depression:
Refers to the scapula moving to a more inferior position as they are pulled
downwards.
Supination:
Hand – movement so the palm of the hand faces upward or forward
(anteriorly).
Foot – combination of inversion, plantar flexion and adduction of the foot
occurring at the same time.
Pronation:
Hand – movement so the palm of the hand faces downward or backward
(posteriorly).
Foot – combination of eversion, dorsiflexion and abduction of the foot
occurring at the same time.

Plantar flexion:
Moving the top of the foot away from the shin or ‘pointing’ the toes.
Dorsiflexion:
Moving the top of the foot toward the shin or ‘raising’ the toes.

Eversion:
The movement of the foot to bring the sole of the foot to face outward.
Inversion:
The movement of the foot to bring the sole of the foot to face inward.
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Rotation:
Refers to a pivoting or ‘twisting’ movement. Rotation is broken down
further into medial and lateral rotation.

Medial rotation: The movement of a body segment where the front
(anterior) of the segment rotates medially (inwards) towards the midline of
the body.
Lateral rotation: The movement of a body segment where the front
(anterior) of the segment rotates laterally (outwards) away from the
midline of the body.

THE LIFE COURSE OF THE MUSCULOSKELETAL SYSTEM AND ITS IMPLICATIONS FOR SPECIAL POPULATIONS
The instructor should understand that the musculoskeletal system will undergo adaptation and change during
the life course of the human body.

Young People
As children grow, so does their muscle mass. During puberty an increase in hormones can almost double the
weight of muscle. Hormonal differences between the sexes mean that boys will experience these differences
at a greater rate than girls, although girls may be stronger around the age of 11 as they may have more lean
body mass than boys of the same age. Girls also carry more body fat both during and after the growth spurt.

Growth Spurt
As a child matures their bones also develop. At some point this growth will be rapid which is known as a
growth spurt. Boys and girls experience growth spurts at different rates and ages but generally:

Girls

Between the ages of 10 to 12, growing fastest at 12 to 13. The growth spurt will usually end at the
age of 18.

Boys

Between the ages of 12 and 14, growing fastest at 14 to 15. The growth spurt will usually continue
to the age of 20.
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During the growth spurt period a child is at increased risk of injury from both trauma and overuse, where a
disruption to the blood and nutrient supply can disturb the growth of bone. Fractures at the growth plates are
more common in boys than girls. However girls experience growth spurts earlier and so are more likely to
reach this vulnerable period at a younger age.

Common age for growth plate fractures:

Girls

11 to 13 years old

Boys

14 to 16 years old

Bones which are noted for growth plate fractures are the radius, hip, femur, and the bones of the ankle and
foot due to the fact that they are weight bearing or become weight bearing in the event of a fall. The fractures
are presented between the shaft of the bone and the growth plates at the ends of the bone.
The severity and management of any injury will be a major factor in the avoidance of complications such as
infection and disease. Although growth plate fractures can have long term consequences, the vast majority
heal without any permanent damage.
Ligaments attach bones together at joints and any injury to these soft tissue structures can have an adverse
effect on bone development.
It is important for the instructor to recognise the potential dangers of overloading the musculoskeletal system
during exercise. Exercise prescription should involve varied activities to avoid continuous repetitive
movements and avoid heavy loads.

Older Adults
Once ossification of bone is fully complete, the mature human skeleton will at some stage experience the loss
of bone mass. Osteopenia is a condition where bone mineral density is lower than normal and is a
characteristic of the aging process. It may lead to osteoporosis where the bone tissue deteriorates and bone
mass decreases to the stage where bones become fragile and more susceptible to the risk of fracture. A
common term for this is ‘brittle bone disease’.
Although osteoporosis occurs in both sexes, it is more common in females. Menopause can increase a
woman’s risk of developing osteoporosis due to a drop in oestrogen levels.
Reduction in Range of Movement (ROM) is common as we age. This can be due to a number of factors
including the thickening of tissues surrounding the joints and a loss in elasticity of soft tissues. Over time, these
structures can break down and make it harder for joints to perform without causing discomfort. Gradually this
process becomes accepted and lifestyle choices are made where there is less demand for more extreme
movements of the limbs.
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This age related deterioration of function will lead to a decrease in fast twitch muscle fibres. As activities
become slower and take longer to perform there will be a relative increase in slow twitch muscle fires. The
resulting loss of muscle mass is called sarcopenia.
The instructor can help to slow down the degeneration of bone and soft tissues which lead to osteopenia and
sarcopenia by prescribing regular weight-bearing exercise. Not only will this improve the integrity of the
tissues, but will also bring about associated benefits such as improved balance, mobility, and neuromuscular
coordination.
Any exercise programme should be tailored to the individual as the needs and abilities of older adults can be
vastly different. In general, low impact exercises are recommended to avoid unnecessary trauma to the
skeletal and muscular systems.
Instructional style should take into account that this special population may appreciate more repetition of
teaching points and the understanding that performance may be slower than that of a younger person.

Pre and Post-natal Women
During pregnancy a hormone called relaxin is released which softens the cervix and the ligaments. This allows
the body to change shape throughout pregnancy and allows the joints of the pelvis to stretch during delivery.
The joints of the body are potentially vulnerable and should not be unduly stressed while exercising. Relaxin
can be present in the body for some time after it stops being produced which means that no definitive
guidelines can be given regarding exercise prescription.
Expectant mothers wishing to exercise should be carefully screened in order to assess the appropriateness of
exercise. Any doubts should be referred to their GP before exercise can begin. Exercises should be given to
strengthen the pelvic floor muscles which are placed under a lot of stress during pregnancy and can become
weakened and stretched as early as the first trimester.
Post-birth, women who wish to return to exercise need to take into account how straightforward the labour
was. Those who did regular exercise throughout pregnancy and had a complication free delivery can be
expected to return to exercise fairly quickly.
Guidelines of six weeks before resuming full daily activities are being replaced with a more individual
approach. Exercise can begin when there is a feeling that ‘you are ready’ but if in any doubt, a consultation
with the health care provider will help this decision making process.
Exercise intensity should build gradually with pelvic floor exercises and low impact aerobic activity such as
walking. Further exercise should be postponed until after a post-natal check at between six and eight weeks
after the birth.
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THE NERVOUS SYSTEM
The nervous system controls every major function that occurs in your body. In fact, without your nervous
system, your muscles and other organs would be all but inert. Without your nervous system, your heart
wouldn’t beat, your blood wouldn’t circulate and your muscles wouldn’t contract. It’s fair to say that your
nervous system is your body’s governor.
Because the nervous system and muscular system are so closely linked, symbiotic even, they are collectively
called the neuromuscular system; neuro pertaining to the nerves and muscular, obviously, pertaining to your
muscles.
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Roles of the nervous system
The nervous system, in its simplest form, is a communications system and it has three main roles:

Input

there are a huge array of sensory nerves spread all throughout your body that are constantly
gathering information such as the temperature, level of CO2 in your blood, degree of stomach
distension, weight of the object you are trying to lift or the angle of the hill you are running up

Analysis

The information gathered by the myriad of sensors around your body has to be interpreted and
analysed so that the appropriate response can be generated. While some responses are voluntary,
many more are automatic or involuntary and are known as reflexes

Output

Finally, having gathered and analysed the incoming information, a response or output is initiated
e.g. increasing breathing rate because of elevated CO2 levels or sweating to reduce body
temperature.

There are two main parts of the nervous system:



The central nervous system or CNS
The peripheral nervous system or PNS

The central nervous system
The central nervous system consists of the brain and spinal cord and is responsible for all
conscious and unconscious decision making. The brain has a huge capacity – far greater than
any computer – and controls dozens if not hundreds of bodily functions simultaneously.
The brain is made up of two hemispheres, the cerebrum, the cerebellum and several other
parts, all of which have very specialist functions. For example, the cerebellum’s main job is
controlling the actions of your muscles and storing memories. The brain is safely contained
within your skull or cranium and is surrounded by a layer of fluid and fat which protects it
from impact.
The spinal cord is responsible for controlling reflex reactions and also provides the means for
connecting the brain to the nerves that supply the rest of the body. It comprises of cervical,

thoracic, lumbar and sacral segments which are all named after the section of vertebral column through which
they pass.
The peripheral nervous system
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The peripheral nervous system is the name used to describe all of the branches of nerves outside of the central
nervous system. The PNS transmits information to and from the CNS and is divided into motor nerves and
sensory nerves – also called neurons.
Motor neurons transmit impulses from the CNS to organs, glands and muscles. These impulses will cause the
muscles to contract and organs and glands to do their specialist jobs. Motor nerves exit the anterior or front of
the spinal cord and essentially “flow away” from the CNS.
In contrast, sensory neurons, which attach to the posterior aspect of the spinal cord, flow toward the CNS and
relay information such as the positon of the limbs, core temperature, texture, taste and smell.
Information is constantly flowing to and from the CNS via the sensory and motor neurons. Both motor and
sensory neurons play an important role in muscle contractions.

Motor units and muscle fibre recruitment
Muscles are made up of bundles and bundles of muscle fibres and these fibres are arranged into groups called
motor units. A motor unit consists of anywhere between 10 and 1000 muscle fibres and the motor neuron that

innervates or supplies it. The number of fibres present in a motor unit depends on its location and function
but, irrespective of where it is located, all muscle fibres within the motor unit are activated by the same, single
motor neuron.
Within the motor unit, all the muscle fibres innervated by the motor neuron will either work together at the
same time or not at all. This is commonly referred to as the “all or nothing” law.
Once sufficient stimulus is received from the motor neuron, all the muscle fibres within the motor unit will
contract with 100% of their contractile ability or not at all.
Muscles contain many motor units; the bigger the muscle, the more motor units are likely to be present. The
more motor units that are innervated at the same time, the more force will be produced.
If a lot of force is required, i.e. lifting a heavy weight, a large number of motor units will work together. If,
however, a smaller amount of force is needed, fewer motor units will be innervated. At no point do motor
units work at anything less than 100% or their contractile ability; force variation is the result or more or fewer
motor units being recruited.
If a muscular task takes an extended period of time, motor units are recruited sequentially or, in other words,
one after another. That way, as one motor unit fatigues, another one will take over. In examples of very low
intensity activity, e.g. walking, this sequential recruitment can be almost never ending but in more intense
activities, e.g. a set of press-ups, work finishes when all motor units are exhausted.
The number of motor units that can be innervated or switched on at the same time varies from person to
person and is a trainable characteristic. A beginner might only be able to innervate 50% of his or her total
motor units whereas a more advanced exerciser might be able to innervate 70% or more. This helps to explain
why two people who have the same amount of muscle can have such different levels of strength.
Beginner exercisers often experience rapid increases in strength not because their muscles get bigger but
simply because their nervous systems become more adept at innervating a larger number of motor units
simultaneously.
While exercise “teaches” the nervous system to work more efficiently so that more motor units can be
innervated simultaneously, in order to protect bones, muscles and connective tissue from injury, it is not
possible to recruit all motor units at the same time. This limitation is controlled by the Golgi tendon organ.

Responses of the neuromuscular system to exercise
Exercise has a profound effect on all the systems of the body, not least the neuromuscular system. Changes
can be acute or short term (i.e. during the training session) or chronic or long term (i.e. as a result of several
weeks or months of training).

Acute changes
During a workout the following may occur:





Vasodilation of blood vessels and capillaries to facilitate increased blood flow
Blood diverted away from non-essential organs to working muscles
Increased temperature
Reduced nervous inhibition
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Chronic changes

The changes experienced by the neuromuscular system depend on several factors including exercise
frequency, exercise duration, exercise volume, exercise intensity and exercise modality.
Long term adaptations to resistance training include:







Increased cross-sectional size of muscles (hypertrophy)
Improved balance and coordination
Increased strength due to hypertrophy
Increased strength due to decreased nervous inhibition
Increased glycolytic activity allowing more high intensity work to be performed
Increased size of glycogen stores

Long term adaptations to aerobic exercise include:




An increase in the size and number of energy producing mitochondria
An increase in capillarisation surrounding muscle fibres and at the alveoli
An increase in aerobic enzyme activity, stored glycogen and triglycerides in the muscle fibres
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THE RESPIRATORY SYSTEM
The respiratory system is responsible for taking oxygen into the body and removing the waste product of
aerobic respiration – carbon dioxide, and while you have limited control over breathing, i.e. you can choose to
hold your breath, ultimately breathing is controlled by your autonomic or involuntary nervous system.
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Anatomy of the respiratory system

Air enters your body and passes through the following structures:



Nose or mouth
Pharynx




Larynx
Trachea




Primary bronchi
Bronchioles




Alveoli
Capillaries

Carbon dioxide exits the body through the same structures but in reverse.
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Essential terminology:

Inhalation or inspiration

taking air down and into the lungs

Expiration or exhalation

expelling air from the lungs

External respiration

the exchange of gasses between the lungs and blood

Internal respiration

the exchange of gasses between the blood and the
cells

The mechanics of breathing
Breathing describes the cycle of inhalation followed by exhalation. While you can exercise some control over
your breathing rate, the majority of the control exerted over breathing is subconscious. Several muscles are
involved in breathing:



Diaphragm
Intercostals



Rectus abdominus

Inhalation
To draw air into your body, your diaphragm, a dome-shaped muscle across the bottom of your ribs, contacts
and depresses. At the same time, your intercostal muscles, which are located between your ribs, contract and
pull your ribs upward and outward. This increases the volume of your chest cavity which, in turn, creates a
vacuum. Air is then drawn into your lungs until the pressure inside your lungs is equal to the pressure outside.

Diaphragmatic versus costal breathing
When you are at rest and oxygen demands are low, your primary breathing muscle should be your diaphragm.
Diaphragmatic breathing is characterised by abdominal distension and very little chest expansion. To
experience this, lie on your back and place one hand on your abdomen and the other on your chest. Now
breathe normally but ensure only your lower hand moves.
To increase your oxygen intake, for example when exercising, more costal breathing is necessary so that
sufficient air can be taken in to the lungs.
Again, lying on your back, inhale but this time make sure the hand resting on your chest also moves.
Diaphragmatic breathing is linked to relaxation and is part of yoga, tai chi and can help reduce stress and blood
pressure.
Combining diaphragmatic with costal breathing will create the largest possible chest cavity expansion and,
therefore, the greatest intake of air.

Exhalation

To drive air out of your
lungs, the diaphragm relaxes
and so to do the intercostals.
This causes the ribcage to
deflate which pushes the air
out of your lungs. Although
you can push most of the air
out of your lungs, some
always remains which is
called your Residual Volume
(RV).

In addition to the action of
the
diaphragm
and
intercostals, you can use
your rectus abdominus to
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compress your abdominal cavity to exhale more forcefully e.g. when blowing up a balloon.

Gaseous exchange
As you breathe in, air is drawn down into your lungs and ends up in your alveoli which resemble bunches of
grapes. The alveoli provide a very large surface area for moving oxygen (O2) into your blood and removing
carbon dioxide (CO2) from your blood ready for exhalation. This “swapping” of gasses is called a gaseous
exchange and is also known as diffusion.
Diffusion can be defined as the movement of gasses from an area of high concentration to an area of low
concentration and as this is happening to two gasses simultaneously (O2 and CO2) there is an exchange of
equal volumes of gasses.
Diffusion is possible because the alveoli are proliferated with tiny blood vessels called capillaries. Capillaries
are one-cell thick so that gasses and other substances can
pass through them.
As air is inhaled and reaches the alveoli, O2 is extracted from
the air and passed through the capillaries and into the blood.
The O2 binds to a substance called haemoglobin (essentially
your red blood cells and known as Hb for short) and is then
transported around the body and used as required.
Conversely, CO2 from the blood diffuses into the alveoli via
the capillaries and is exhaled. CO2 is also carried by Hb
although when haemoglobin is carrying oxygen it is called
oxy-haemoglobin but when it is carrying CO2 it is
carboxyhaemoglobin.

Composition of air
Air is comprised of several gasses, some of which are very important and some of which are less so. Oxygen is
essential for human life but nitrogen, which makes up a large percentage of the air we breathe, is inert.
Inhaled air has a different composition to exhaled air because some of the oxygen is used in aerobic
respiration.

Gas
Nitrogen (N2)

Inhaled air
79%

Exhaled air
79%

Difference
No change

Oxygen (O2)

21%

17%

4% decrease

Carbon dioxide (CO2)

<1%

4%

4% increase

< = less than, > = more than

39

The stimulus for breathing
While you can voluntarily control the depth and speed of your breathing up to a point, the majority of the
time, breathing is controlled by your autonomic nervous system which means it is involuntary.
When blood CO2 levels reach 4%, breathing will occur. This is why you can only hold your breath for so long
and why, even underwater, if you will attempt to breathe if deprived of oxygen for long enough.
When you exercise, CO2 levels increase quickly and so breathing rate increases significantly to prevent CO2
levels exceeding 4%. In contrast, at rest and especially during sleep, CO2 levels are very low and subsequently
so too is the breathing rate.

Measures associated with lung function
Many aspects of lung function can be measured – a study called spirometry. These measures can be affected
by several factors including gender, age, general health, body type and illnesses such as asthma. Spirometry
tests involve blowing into measuring devices that analyse and record volume, velocity and/or duration of air
flow.
The main measures are:

Breathing rate (BR)

the number of breaths taken per minute

Tidal volume (TV)

the amount of air inhaled and exhaled in one breath

Minute ventilation (MV)

the total amount of air exhaled and exhaled in one minute

Therefore minute ventilation (MV) which is measured in millilitres per minute (ml/min) or litres per minute
(l/min) equals breathing rate (BR) multiplied by tidal volume (TV) or MV = BR x TV

For example:




BR= 12
TV= 500ml
MV = 6000ml/min or 6l/min

The effect of exercise on lung function measures
Exercise effects the function of your lungs, both acutely (as you exercise) and as a result to your body adapting
to the exercise (chronically). These changes are caused by increased capillarisation at the alveoli, increased
haemoglobin density in the blood and improved respiratory muscle strength and endurance.
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Measure
Breathing rate

Acute
Increases

Chronic
Decreases

Tidal volume

Increases

Increases

Minute ventilation

Increases

Unchanged or slightly increased

The circulatory system
Once oxygen has been inhaled and has diffused into the blood, it has to be moved around your body for use by
the cells, tissues and organs. This is the job of the circulatory system. The circulatory system consists of three
main parts:




The blood
The cardiac muscle or heart
The blood vessels

The blood
Scientists estimate the volume of blood in a human body to be approximately 7% of body weight. An average
adult body with a weight of 150 to 180 pounds will contain approximately 4.7 to 5.5 litres (1.2 to 1.5 gallons) of
blood. The body uses blood as a universal transporter for a great many substance, not least oxygen. Blood is
made up from four major components:





Red blood cells (RBCs)
White blood cells (WBCs)
Platelets
Plasma

Red blood cells (Erythrocytes)
A single drop of blood contains between 240-270 million RBCs so it’s safe to say they are pretty prolific. RBCs
contain a protein called haemoglobin (Hb) which carries oxygen and carbon dioxide around the circulatory
system.
RBCs are produced the red bone marrow and are pigmented which is what gives blood its characteristic red
colour. RBCs make up approximately 40% of total blood volume.
A sound diet containing adequate iron ensures that there are plenty of RBCs – too few can result in anaemia
which is characterised by fatigue and poor exercise performance.

White blood cells (Leukocytes)
WBCs are clear and contain no haemoglobin. There are fewer of them but they too are produced in red bone
marrow. WBCs are the cells that fight infection and as infections come in various shapes and sizes, so to do
WBCs.
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Platelets (Thrombocytes)

Platelets are responsible for stopping blood loss and are part of the clotting process. If you cut or otherwise
injure yourself, platelets form “plugs” to stop your precious blood escaping. Some medications and diseases
can inhibit platelet formation, in particular haemophilia and anti-coagulants such warfarin.
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Plasma

Plasma is the carrier medium in which all the other blood cells are supported and transported. It also contains
proteins and other nutrients, electrolytes, gases, enzymes, minerals, vitamins and metabolic waste products.
Plasma is 91.5% water and 8.5% solids and solutes.

THE HEART
Of all the muscles in the body, the heart is arguably the most important as its sole job is to pump life-giving
blood and therefore oxygen around your body. An average heart will beat over 3-billlion times in a lifetime and
if it stops prematurely or its function is in some way inhibited, major and potentially terminal health issues will
ensue.
In simple terms, the heart is a fist-sized, four-chambered muscular pump located slightly left of centre in your
chest behind your sternum.
The heart is divided into two sides – left and right. Each side functions independently of the other and has a
different job. The left-hand side of the heart receives and pumps out oxygenated blood while the right-hand
side receives and pumps out deoxygenated blood.
Remember, when describing the heart, left and right are reversed so imagine you are describing the heart of
someone facing you rather than your own heart.
There are four chambers in total; two upper chambers called atria (the plural of atrium) and two lower
chambers called ventricles. The atria are the receiving chambers and the ventricles are the ejecting chambers.
The term atrium comes from the Latin for entranceway and houses often have atriums which, in more modern
language, are called hallways. The ventricles eject or vent blood out of the heart. This is an easy way to
remember which chambers are which.
Of the four chambers, the ventricles have to work the hardest and so they are the largest and most powerful
with the left ventricle being the biggest as it has to pump blood the furthest. As the ventricle contracts to eject
blood, it is said to be in systole whereas when it relaxes (and refills) it is said to be in diastole.
In contrast, the atria never have to pump especially hard as they are only pushing blood into the next
chamber. Blood enters the atria partly because of gravity and partly because of the pressure in the blood
vessels; they do not have to contract very hard at all and so are considerably smaller and less muscular than
the ventricles.

Heart control and rhythm
The speed and power of each heart beat is controlled by something called the conductive system which
ensures the chambers contract in a synchronised rhythm rather than all four chambers contracting at the same
time. Your heart’s natural “pacemaker” is a bundle of nerves called the sinoatrial node or SAN for short. Along
with the atrioventricular node or AV node, your heart will speed up when more blood needs to be pumped
around the body e.g. during exercise, and slow down when less blood is needed e.g., while you sleep.
The average resting heart rate is 72 beats per minute (bpm) although an exercising heart can beat over 200
times per minute. A resting heart rate above 72 bpm is called tachycardia while a resting heart rate of 60 bpm
or less is called bradycardia. Low resting heart rates are generally seen as an indicator of good circulatory
fitness but this is not always the case and unexpected low resting heart rate readings should be investigated.

Heart valves

Blood always flows from atrium to ventricle and there are valves that prevent the backflow of blood. The
valves between the atria and the ventricles are called the atrioventricular valves or AVs for short.
There are also several other valves in and around the heart; the pulmonary valve prevents blood flowing back
into the heart from the pulmonary artery while the aortic valve stops blood re-entering the heart from the
aorta. Heart valves are tricuspid which means they are made up from three sections.

Heart circulation

As previously discussed, the two
sides of the heart have different
jobs. The left side receives and
pumps
oxygenated
blood
around the body whereas the
right side receives and pumps
deoxygenated blood back to the
lungs. The process of returning
deoxygenated blood back to the
heart is called venous return.
Oxygenated blood is bright red
in colour whereas deoxygenated
blood tends to have a bluish
hue.
Air is inhaled and passes
through the pharynx, larynx,
trachea,
primary
bronchi,
bronchioles, and then reaches
alveoli
where
oxygen
is
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extracted and diffused into blood via the capillaries

Oxygenated blood enters the left atrium via the pulmonary vein
Oxygenated blood flows from the left atrium to the left ventricle and then is pumped from the left ventricle
and into the aorta to be circulated around the body. This is called systemic circulation

The oxygen is used by the cells, organs and systems of the body and carbon dioxide is produced
Deoxygenated (CO2 rich) blood is then directed back to the heart via the superior and inferior vena cava where
is enters the right atrium and is pumped into the right ventricle
From the right ventricle, the deoxygenated blood is pumped into the pulmonary artery and sent back to the
lungs where its payload of CO2 diffuses into the alveoli via the capillaries for exhalation and blood is then reoxygenated. This is called pulmonary circulation

Blood vessels
Blood vessels are hollow tubes made from smooth muscle whose function is to transport blood around the
body and although there are different types of blood vessel it’s important to always remember that they all
form a closed, continuous loop and each blood vessel splits to form another type of blood vessel or joins to
another blood vessel.
There are three main types of blood vessels:




Arteries
Veins
Capillaries

There are also two sub-categories of blood vessel:



Arterioles – small
arteries
Venules – small veins
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Peristalsis
Made from smooth muscular tubes, all blood vessels can contract. When they contract they squeeze inward
and that helps to push the blood they contain along their length. This is called peristalsis. To understand
peristalsis, imagine a snake swallowing an egg; the walls of the snake’s digestive tract push inward and, using a
wave-like motion, push the egg down the length of the snake’s body.
Arteries
Thick and muscular, arteries are under tremendous pressure and their physical characteristics reflect this. They
always carry blood away from the heart hence the high pressure within them. The largest artery in the body is
the aorta. They are elastic so that they can expand as the heart beats. If you place your fingertips on your
radial artery, just below your thumb on the side of your wrist, you can feel the artery expand each time your
heart beats. This is called your radial pulse.

Veins
Veins take blood back toward your heart. Under considerably less pressure than arteries, they are not as thick
or as muscular. Because they are under less pressure, it is possible that blood could flow backward through a
vein so to prevent this, veins have one-way valves to ensure blood does not flow back from whence it came.
These one-way valves sometimes go wrong and blood pools within sections of veins. This condition is
commonly called varicose veins.

Capillaries
One cell thick to allow diffusion, capillaries are semi-permeable to allow various substances pass through
them. Capillaries spread through all parts of the body so they can deliver or pick up essential substances. There
are more capillaries than any other type of blood vessel and a high density area of capillaries is called a
capillary bed. Exercise can cause an increase in the number of capillaries; this is called capillarisation.
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Venous return
The flow of blood back to the heart via veins (often against gravity) is
called venous return. The pressure in the veins is relatively low and so
several mechanisms combine to ensure that blood circulates in a timely
fashion…
Peristalsis – the smooth muscular walls of the veins contract to push
blood upward and against gravity
Skeletal muscle pump – as skeletal muscles contract, they push against
the walls of the veins which in turn pushes the blood through them
One-way valves – to prevent the back flow of blood and aid venous
return, veins have valves which prevent blood from flowing the wrong
way or from “pooling” in one area
Right atrium – as the right atrium refills, it creates a slight vacuum effect
and pulls blood into it
Diaphragm – as it relaxes and returns to its slightly domed position, the
diaphragm creates a vacuum in the abdominal cavity which helps draw
blood upward
Gravity – blood from above the heart flows downward to the right
atrium via the superior vena cava and is aided by gravity

Control of blood flow

While every part of your body needs oxygen and therefore blood, some areas need more than others at
certain times. For example, if you eat a large meal, your digestive system requires lots of blood and if you
exercise, your working muscles and heart/lungs require lots of blood.
To ensure there is enough blood in the areas most in need, your body restricts blood flow to one area and
increases it to another using vasoconstriction and vasodilation which basically means blood vessels are
narrowed or widened respectively and on demand.
This vasoconstriction and vasodilation is why it’s never a good idea to exercise after a heavy meal and why
your muscles can look “pumped up” after a workout. Both vasoconstriction and vasodilation are possible
because blood vessels are made from smooth muscular tubes that can contract or relax as required.
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Blood pressure
The circulatory system is a closed system and as blood enters one area of the body, the same quantity of blood
will be leaving another.
Oxygenated blood: Lungs -> pulmonary vein -> heart -> aorta -> arteries -> arterioles -> capillaries
Deoxygenated blood: Capillaries -> venules -> veins -> vena cava -> heart -> pulmonary artery -> lungs
This means that there is pressure within the blood vessels and that pressure varies constantly. While some
variance is normal and necessary, blood pressure can become too high or too low. The standard definition of
blood pressure is “the measure of the force that blood exerts against the walls of the arteries”.
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There are two measurements associated with blood pressure; systolic and diastolic.
Systolic blood pressure is the pressure within the arterial system when the heart beats.
Diastolic blood pressure is the pressure in the arterial system when the heart is refilling.
Subsequently, if you get your blood pressure checked, you will receive two readings – a higher reading (your
systolic blood pressure) and a lower reading (your diastolic blood pressure). Blood pressure is normally
expressed as one figure over another e.g. 130 over 70.
Blood pressure is measured in millimetres of mercury or mmHg. This unit of measure reflects the use of
devices called mercurial sphygmomanometers which measured blood pressure against a vertical scale and
how high a column of mercury moved during the test. Mercurial sphygmomanometers are no longer widely
used but the same unit of measure still is.

Blood pressure readings

The optimal blood pressure reading is deemed to be 120mmHg systolic and 80mmHg diastolic. Blood pressure
readings of 120/80 mmHg are linked to lower incidences of cardiovascular disease. High blood pressure
readings are described as hypertension while low readings are described as hypotension.
Blood pressure is the result of several factors and changes to any of these factors can cause blood pressure to
rise or fall accordingly. The three determinants are:




Cardiac output
Peripheral resistance
Blood volume

Therefore blood pressure = cardiac output x peripheral resistance + blood volume

Cardiac output
Cardiac output is the amount of blood pumped by the heart in a minute. The higher cardiac output is the
higher blood pressure will be. Cardiac output increases any time the heart beats harder or faster.

Peripheral resistance
Peripheral resistance is the resistance to the flow of blood through the blood vessels. Peripheral resistance can
be affected by blood vessel dilation or constriction and may increase if arteries are blocked by atherosclerotic
plaque.

Blood volume
Changes in blood volume can affect blood pressure readings. An injury resulting in blood loss would cause a
drop in blood pressure whereas severe kidney problems or a diet high in sodium could lead to water retention
and the corresponding increase in plasma levels would result in an increase in blood pressure.

Blood pressure categories
Category
Low (hypotension)

Systolic mmHg
<100

Diastolic mmHg
<60

Optimal

<120

<80

Normal

<130

<85

High normal

130-139

85-89

Stage 1 hypertension

140-159

90-99

Stage 2 hypertension

160-179

100-109

Stage 3 hypertension

>180

>110

Effects of exercise on blood pressure – short term
As cardiac output increases with exercise, most forms of exercise will cause systolic blood pressure to increase.
This response is linear and an increase in exercise intensity will cause a similar increase in blood pressure. This
is not normally of any concern for healthy individuals as blood pressure should return to normal once cardiac
output returns to normal. Cardiac output has the greatest effect on systolic blood pressure.
Diastolic blood pressure normally remains relatively unchanged or may even fall slightly when performing low
to moderate intensity aerobic exercise.
However, heavy weight training and especially isometric contractions or where the breath is held to increase
intra-abdominal pressure using the Valsalva manoeuvre (exhaling against a closed epiglottis) can increase
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diastolic blood pressure in the short term. Again, in healthy individuals, blood pressure should normalise on
cessation of exercise.
If an exerciser is hypertensive, care should be taken not to exasperate their health issues by straining so hard
that diastolic blood pressure rises excessively. This means that hypertensive exercisers should avoid holding
their breath and only exercise to form failure. It is also recommended that hypertensive follow a circuit weight
training program rather than use the more traditional multi-set system and avoid overhead and declined
exercises.

Effects of exercise on blood pressure – long term
Low to moderate intensity aerobic exercise has been shown to have a positive effect of cardiovascular health
and can help normalise blood pressure in the long term. Regular aerobic exercise can lower systolic and
diastolic blood pressure by an average of 10mmHg each.

Measures associated with circulatory function
There are several important measures associated with the circulatory system
The main measures are:




Heart rate (HR) – the number of heart beats per minute
Stroke volume (SV) – the amount of blood pumped in one beat
Cardiac output (CO) – the total amount of blood pumped through the heart in one minute

Therefore cardiac output (CO) which is measured in millilitres per minute (ml/min) equals heart rate (HR)
multiplied by stroke volume (SV) or CO = HR x SV

The effect of exercise on circulatory measures
Exercise effects the function of your heart and blood vessels, both acutely (as you exercise) and as a result to
your body adapting to the exercise (chronically). These changes are caused by increased heart size and
strength, increased blood vessel elasticity and increased blood volume.
Measure
Heart rate

Acute
Increases

Chronic
Decreases

Stroke volume

Increases

Increases

Cardiac output

Increases

Unchanged

Systolic blood pressure

Increases

Normalises

Diastolic blood pressure

Increases*

Normalises

* Especially due to heavy strength training

49

Each artery is responsible for delivering oxygen to some part of the heart. The heart also must have some
mechanism to rid itself of blood that is now low in oxygen after supplying the tissues. This is done via coronary
veins that carry the blood away, straight back to the heart. It will then be pumped to the lungs for reoxygenation before again becoming part of coronary circulation.

Disease effect on blood vessels
Atherosclerosis is a condition where substance called plaque builds up in the walls of the arteries. This build up
narrows the arteries, making it harder for blood to flow through. If a blood clot forms, it can stop the blood
flow.
A heart attack occurs when the blood flow to a part of the heart is blocked by a blood clot. If this clot cuts off
the blood flow completely, the part of the heart muscle supplied by that artery begins to die
An ischemic stroke (the most common type) happens when a blood vessel that feeds the brain gets blocked,
usually from a blood clot

Valsava effect and blood pressure
Although proper breathing during exercise is one of the most important aspects of a safe and effective
workout, correct breathing is not intuitive for most of us. Instead of breathing freely and openly during
exercise, most people actually do the opposite.
When it comes to weight-training, most of us hold (or force) our breath as a means of handling intensity.
Unfortunately, breath-holding obviates our ability to produce high intensity muscular contractions, and it can
actually be dangerous. Breath-holding during exercise increases blood pressure rapidly and this can lead to
fainting, painful Exercise-Induced-Headaches, or even stroke.
th

The fancy term for breath-holding is Valsalva. Taking its name from 17 Century Italian Anatomist, Anton
Maria Valsalva, the Valsalva Maneuver (or simply, Valsalva) occurs when we attempt to forcibly exhale while
keeping the mouth and nose closed.
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THE COMPONENTS OF FITNESS
To design effective exercise programs, instructors must have a good understanding of the concepts and
components of fitness. Combined with knowledge of anatomy and physiology, this will allow them to produce
programs that are appropriate for their client’s needs, goals and current ability.
Fitness means different things to different people. For a runner, it could mean being able to run a marathon
while for a less-sporty individual, it could mean being able to walk a mile while carrying bags of groceries.
Subsequently, fitness can be defined in one of several ways:
1) The successful adaptation to a specific stressor
2) A state of well-being that provides for optimal performance
3) Attributes relating to how well one performs physical activity
4) The ability to perform everyday tasks without undue stress or fatigue

THE ENERGY SYSTEMS
The human body is, at its most basic level, a machine and like any machine it needs a supply of energy work. As
a car needs petrol or a light bulb needs electricity, your body needs a substance called adenosine triphosphate
which is known as ATP for short. ATP is the universal fuel for everything that happens in your body; from lifting
weights to running to reading to sleeping – ATP is what powers your body.

ATP is made up of one adenosine
molecule
and
three
phosphate
molecules. These molecules are held
together by high energy bonds which,
when broken, release energy for us to
use. The result of this reaction is ADP
(adenosine diphosphate), energy, and a
lone molecule of phosphate.
We only have a very limited supply of
ATP stored in our bodies – about
enough for 1-2 seconds of activity –
however humans convert food into APT
to ensure that we always have plenty of
energy. In addition to food, ATP can be
manufactured from fat stored around
your body and the carbohydrate
reserves in your muscles and liver called
glycogen.

Food + O2 + digestion = energy (ATP) + muscular contractions + CO2 + H2O + heat
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Humans use three primary systems for creating ATP or regenerating ADP back into ATP for use by the body.
There are two anaerobic e energy systems that operate without oxygen and one that requires an abundance of
oxygen. The three energy systems are:





Creatine phosphate system – also known as the CP system, the phosphocreatine system or the
anaerobic lactate system
Lactate system – also known as the lactic acid system or the anaerobic glycolysis system
Aerobic system – also known as the oxidative system

While it is certainly easier to learn about and discuss each system in isolation, the reality is all three systems
work together. However, the speed at which ATP is being used and needs to be produced dictates which
system is doing the majority of the work. Therefore, they key phrase when discussing the role of energy
systems in a particular activity is “predominately” i.e.:
A tennis serve predominately uses the creatine phosphate system



A 400-meter sprint predominately uses the lactate system
A moderate one-hour group exercise class predominately uses the aerobic system

The creatine phosphate (CP) system

The creatine phosphate system uses stored chemical energy to produce ATP and does not require oxygen or
food. This makes it an anaerobic energy system. In your muscles you have a very limited supply of ATP waiting
to be used. Once this is depleted, the creatine phosphate system quickly regenerates the resulting ADP back
into ATP so more energy is available. This is achieved by creatine phosphate “giving” its phosphate molecule to
the ADP to turn it back into ATP. This is a very rapid chemical reaction and can only be sustained for around
10-seconds because stores of creatine phosphate are also very limited.
Activities reliant the creatine phosphate system include short sprints, jumping, lifting heavy weights for low
repetitions and any other intense, brief activities. The creatine phosphate system is most active during
activities involving maximal volitional effort.
Because activities involving the creatine phosphate system are so brief, despite the intensity, they have
minimal impact on the cardiorespiratory system so while effort is very high, respiration and heart rate may
remain relatively unchanged. How high would your heart rate be after a single maximum effort long jump? The
creatine phosphate system take between 30-seconds to five-minutes to fully recover and repeating the activity
before full recovery will a) reduce performance and b) push you more toward the lactate system.
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Lactate system

The lactate system is the second anaerobic energy system and produces ATP from the incomplete breakdown
of glucose in an oxygen-free environment hence its other common name; the anaerobic glycolysis system. The
lactate system provides energy when a) the activity in question exceeds the capacity of the creatine phosphate
system or b) the activity in question exceeds the capacity of the aerobic system.
Glucose is constantly being converted into ATP within your body by cells called mitochondria. The incomplete
breakdown and conversion of glucose to ATP results in the formation of a by-product – lactic acid.
At low levels of intensity, lactic acid levels are very low and any accumulation is easily removed.
However, as the level of activity intensity rises, lactic acid production can exceed the body’s ability to remove
it and this is a problem. The accumulation of lactic acid above the body’s ability to disperse it will ultimately
necessitate the reduction or cessation of activity.
This phenomenon is known as the onset of blood lactic acid or OBLA for short and is characterised by some or
all of the following:




Burning sensation in the working muscles
Rapid heart and breathing rate as the body strives to disperse the lactic acid with oxygen
Loss of coordination and, ultimately, the need to stop or reduce exercise intensity.

The lactate system is very active in activities such as longer sprints lasting 30-seconds or more, boxing, startstop sports such as soccer and rugby and anytime short but intense activities lasting 30-seconds to 3-minutes
are performed.
Interval training, periods of high intensity work alternated with periods of rest, can help improve the ability to
tolerate and subsequently deal with OBLA more effectively and efficiently.
The lactate system takes 20-minutes to two-hours to fully break down accumulated lactic acid however it only
takes between one to three-minutes for lactic acid levels to fall sufficiently for activity to resume.

Aerobic system
Meaning “with oxygen”, the aerobic or oxidative system produces ATP from the complete breakdown of
carbohydrate and fat. The lower the intensity, the more fat is used and the higher the intensity, more
carbohydrate is used. Because both fat and carbohydrate are “burnt” to produce ATP, it is often said that fat
burns in the flame of carbohydrate.
The aerobic system can only provide meaningful amounts of ATP when oxygen is abundant i.e. at low to
moderate levels of intensity such as while at rest or while walking or jogging.
Unlike the lactate system, the aerobic system produces no fatiguing waste products and while lactic acid is
produced, the amounts are very small and are easily dispersed. However, the breakdown of fats and
carbohydrates in an oxygen-rich environment does produce the following:




Carbon dioxide
Water
Heat
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Different fuel sources produce differing amounts of energy. The complete breakdown of one carbohydratederived glucose molecule yields 262 kcal (thousandth of a calorie) while the complete breakdown of one fatderived molecule of fatty acid will yield 3360 kcals. However, and despite fat providing much more energy per
molecule, carbohydrate is the preferred source of ATP in the body because it is released much more quickly.
All ATP, irrespective of which of the three energy systems is responsible, is produced in cells called
mitochondria. Aerobic energy production occurs in the organelles of the mitochondria while anaerobic energy
production occurs in the cytoplasm surrounding the mitochondria. Mitochondria are best thought of as cellular
power stations and the larger or greater the number of mitochondria present, the higher the potential for
energy production.

Oxygen uptake
During aerobic activity and during the recovery from anaerobic activity, the cells of the body require oxygen.
The aerobic system is essentially the “go to” energy system as once anaerobic activity has stopped, the aerobic
system is always the system to which your body returns. The use of oxygen by the cells is called oxygen (or O2)
uptake or consumption.
At rest, oxygen consumption is approximately 3.5 millilitres per kilogram of bodyweight per minute
(ml/kg/min). This value is also known as one metabolic equivalent or one MET for short. As activity intensity
increases, so do does oxygen uptake which is mirrored by an increase in heart and breathing rate.
The maximum amount of oxygen that a person can take in, transport and utilise during exercise is called the
VO2 max and is a commonly assessed measure used to identify an exerciser’s fitness level as well as predict
their performance. The greater the potential for oxygen uptake, the higher the VO2 max, the higher the fitness
level of the test subject would be.
However, the person with the highest VO2 max score may not necessarily be the winner of an event or race as
things like strategy, lactic acid tolerance, mental toughness, recovery, nutritional status and motivational state
all play a part in physical performance.

Adaptations to aerobic exercise

There are several adaptions that occur as a result of aerobic exercise performed at the appropriate intensity:
Increased number of red blood cells which allows for easier transportation of oxygen to and removal of carbon
dioxide from the muscles
Increased lung efficiency so that greater amounts of oxygen can be diffused into the blood and greater
amounts of carbon dioxide can be removed
Increased capillarisation at the muscles so that greater amounts of oxygen can be supplied to the working
muscles.
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Energy system summary
Energy pathways
CP system

Lactate system

Aerobic system

Aerobic/anaerobic
Energy source
Quantity
of
ATP
produced
By-product/waste
product
Duration

Anaerobic
Creatine phosphate
Very limited

Anaerobic
Glucose
Somewhat limited

Aerobic
Glucose and fat
Unlimited

None

Lactic acid

CO2, H2O & heat

1-10 seconds

Long duration

Intensity
Recovery

95-100% max. effort
30-seconds to 5-minutes

Dominant muscle fibre
type

Type 2b

30-seconds to
3-minutes
60-95% max. effort
20-minutes to
2-hours
Type 2a

<60% max. effort
Sufficient time to eat
and drink
Type 1

The energy continuum
While it should be remembered that at no point do we use one of the three energy systems in isolation, it is
possible to identify which system is most dominant in any given activity. This is useful when designing sportsspecific exercise programs for athletes.

The Endocrine System Essentials
The endocrine system is made up of a network of glands. These glands secrete hormones to regulate many
bodily functions, including growth and metabolism. Endocrine diseases are common and usually occur when
glands produce an incorrect amount of hormones.
Simply put, the endocrine system is a network of glands that secrete chemicals called hormones to help your
body function properly. Hormones are chemical signals that coordinate a range of bodily functions.
The endocrine system works to regulate certain internal processes. (Note: endocrine shouldn’t be confused
with exocrine. Exocrine glands, such as sweat and salivary glands, secrete externally and internally via ducts.
Endocrine glands secrete hormones internally, using the bloodstream.)
The endocrine system helps control the following processes and systems:






Growth and development
Homeostasis (the internal balance of body systems)
Metabolism (body energy levels)
Reproduction
Response to stimuli (stress and/or injury)
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THE ENDOCRINE NETWORK
The endocrine system completes these tasks through its network of glands, which are small but highly
important organs that produce, store, and secrete hormones.
The glands of the endocrine system are:











Hypothalamus
Pineal Gland
Pituitary Gland
Thyroid
Parathyroid
Thymus
Adrenal
Pancreas
Ovaries
Testes

These glands produce different types of hormones that evoke a specific response in other cells, tissues, and/or
organs located throughout the body. The hormones reach these faraway targets using the blood stream. Like
the nervous system, the endocrine system is one of your body’s main communicators. But instead of using
nerves to transmit information, the endocrine system uses blood vessels to deliver hormones to cells.

Endocrine Diseases
To ensure that everything runs smoothly (that is, your body functions as it should), certain processes must
work properly:




The endocrine glands must release the correct amount of hormones (if they release too much or too
little, it is known as hormone imbalance).
Your body also needs a strong blood supply to transport the hormones throughout the body.
There must be enough receptors (which are where the hormones attach and do their work) at the
target tissue.

Those targets must be able to respond appropriately to the hormonal signal. The model here would be like
primary hypothyroidism, where the pituitary produces TSH, the TSH is carried via the bloodstream to the
thyroid, the thyroid has the appropriate receptors, but for whatever reason it isn’t able to effectively make or
secrete thyroid hormone.
Endocrine diseases are common and happen even when one step in the process doesn’t work as it should. If
you have an endocrine disease or disorder, you may consult a specialist known as an endocrinologist who will
effectively diagnose and help treat your condition.
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Endocrine Disorders











Addison's Disease
Graves' Disease
Hyperparathyroidism
Hypothyroidism
Osteoporosis
Thyroid Cancer
Thyroiditis
Adrenomyeloneuropathy
Type 1 Diabetes
Type 2 Diabetes

Growth
(GH)

Hormone

Thyroid gland
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Acts to promote growth of bones and
organs

Bones, cartilage, muscle, fat, liver, heart

Thyroxine (T4)

Tri-iodothyronine (T3)

Most
tissues

Acts to regulate the body’s metabolic
rate

Most
tissues

Acts to regulate the body’s metabolic
rate

Insulin

Muscle, fat tissue

Acts to lower blood glucose levels

Glucagon

Liver

Acts to raise blood glucose levels

Corticosteroids are a class of steroid hormones that are produced in the adrenal cortex of vertebrates, as well
as the synthetic analogues of these hormones. Two main classes of corticosteroids, glucocorticoids and
mineralocorticoids, are involved in a wide range of physiologic processes, including stress response, immune
response, and regulation of inflammation, carbohydrate metabolism, protein catabolism, blood electrolyte
levels, and behavior.
Catecholamines are derived from the amino acid tyrosine, which is derived from dietary sources as well as
synthesis of phenylalanine. Catecholamines are water-soluble and are 50%-bound to plasma proteins in
circulation.
Included among catecholamines are epinephrine (adrenaline), norepinephrine (noradrenaline), and dopamine.
Release of the hormones epinephrine and norepinephrine from the adrenal medulla of the adrenal glands is
part of the fight-or-flight response.

Total fitness
Total fitness is made up of five components and while the physical aspect of fitness is usually the focus of an
exercise program, the other components are equally important:

Physical fitness

i.e. muscular strength, endurance, flexibility etc.

Skill-related fitness

i.e. balance, coordination etc.

Mental and emotional fitness

i.e. a positive, stress-free mental state

Medical fitness

an absence of illness and disease

Nutritional fitness

following a healthy, nutritious diet

Social fitness

being able to interact with others

A fitness instructor can have a positive influence on all of the above components however their main area of
professional responsibility are physical, nutritional and skill-related fitness.

The components of physical fitness
There are five broad components of physical fitness:
1. Cardiovascular fitness – pertaining to the ability of the lungs and heart to take in, transport and utilise
oxygen, cardiovascular fitness can be improved by performing activities such as jogging and swimming at low
to moderate intensities for extended periods of time. Cardiovascular fitness is inextricably linked to
cardiovascular health.
2. Muscular strength – strength is the ability to generate force. Strength is important because stronger
muscles make strenuous everyday tasks easier and the pursuit of strength has a positive influence on bone
mass.
3. Muscular endurance – muscular endurance is the ability of the muscles to generate low levels of force for
an extended period of time e.g. the demand on the leg muscles when climbing a long flight of stairs. A good
level of muscular endurance can make many daily tasks easier including gardening, high-repetition exercise
and maintaining good posture.
4. Flexibility and mobility – the ability to move a joint or joints through a wide, healthy range of movement is
defined as flexibility while the health and fluidity of movement of a joint is defined as mobility. Flexibility and
mobility are essential for optimal muscular and skeletal function as well as health. Poor flexibility and/or
mobility can make many every day and sporting activities difficult and can lead to postural issues.
5. Body composition – describing the relationship between fat and lean body weight, body composition is
much more important than body weight and all exercisers should strive to achieve optimal body composition.
Body composition is influenced by exercise, diet and general lifestyle and a high level of body fat will not only
damage fitness levels; it can also damage health.
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A healthy level of body fat for men is deemed to be between 13 to 17-percent while for women, 20 to 25percent is the healthy range. Athletes are sometimes leaner than the low end of these scales and usually
experience better performance if they are between 7 to 16-percent for men and 10 to 20-percent for women.
Skill related fitness
Skill-related fitness refers to the interaction between the nervous system and the muscular system. There are
seven components of skill-related fitness:
1. Speed – speed as about quickness of movement whether it is running speed or the ability to throw a quick
jab in boxing. Speed is part of virtually every sport and can be developed through training although top-end
speed is limited by genetics and dominance of muscle fibre type.
2. Power – power is force developed quickly. Where strength has no real speed component, power does. For
example, a very heavy squat, where the weight moves slowly, is an example of strength while an explosively
performed vertical jump is an example of power. Power is an important part of many sports and activities.
3. Reaction time – the ability to respond quickly to a stimulus, such as a starter’s pistol, is called reaction time
but is sometimes called reflex time. Reaction time is dependent of the speed of sensory and motor nerves
working together and can be trained.
4. Coordination – the ability to move multiple limbs harmoniously and accurately is called coordination. While
some people are definitely more coordinated than others, coordination can be practiced and improved. All
sports and many everyday activities require coordination.
5. Balance – defined as the ability to keep the centre of mass over the base of support e.g. standing on one leg
or maintain a handstand. Balance is especially important for older people who are prone to suffering falls.
6. Proprioception – the ability to sense where limbs are placed by feel alone is called proprioception. For
example, maintaining neutral spine alignment despite not being able to see the position of your back.
7. Agility – rapid changes of direction, being able to overcome obstacles and general athleticism all come
under the banner of agility. Agility is the combination of all the preceding components.

Factors that influence health and fitness
If you place different two people on the same exercise program, their results are very likely to be different. No
two-people respond exactly the same way to exercise. There are several factors that influence how people
respond to exercise and the results they will experience.
1. Age
Potential for fitness tends to peak in the 20s and early 30s and decline thereafter although this decline can be
offset by regular exercise. With age, muscles get weaker, joints become worn, hormone levels decline, reflexes
slow and body fat levels increase. Older people are also less able to tolerate high volume/high intensity
exercise and require more rest.
2. Gender
Men have more testosterone than women and as such have a greater potential for muscle mass and strength.
Women, because of the hormone relaxin, tend to be naturally more flexible than men. However, both women
can develop impressive levels of strength and men can be very flexible with the correct training.
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3. Physique/body type
The body type of an individual will have a profound effect on their ability to develop fitness. For example, a
heavily built, naturally muscular person is better suited to rugby than long distance running. The usual system
for classifying body types is called somatotyping although it is important to note that most people are made up
from a mixture of the three main body types.
Ectomorphs – naturally slim, lightly muscled, narrow in the shoulders and hips, ectomorphs usually
find gaining weight very difficult and are well-suited to endurance sports such as running or cycling
where their light bodies will be advantageous.
Mesomorphs – with a tendency to be naturally lean and muscular, mesomorphs usually have wide
shoulders and narrow waists and tend to be athletic and strong having a good strength to weight
ratio.

Endomorphs – with a propensity toward fat storage, endomorphs are usually “apple” or “pear”
shaped but, despite high body fat levels, are usually also reasonably muscular. Heavy throwing
events such as the hammer or shot-put as well as weightlifting are good activities for endomorphs.
Identifying a client’s basic body type can be important when ensuring that proposed goals are
viable. For example, an ectomorph needs to understand that they are not structurally well-suited to
building large amounts of muscle while a mesomorph may need to reconsider thoughts of becoming
an elite-class distance runner. However, it should also be noted that hard work and smart
programming can still produce excellent results irrespective of the underlying somatotype.
4. Diet
For the body to adapt to exercise, it needs a broad range of nutrients including protein and carbohydrates,
vitamins and minerals. A low-quality diet can adversely affect gains in fitness.
5. Activity level
A few hours of exercise per week will not be sufficient to develop a good level of fitness if, for the other 165hours a week, the client is sedentary. Conversely, if the client is so active that they cannot effectively recover
from the training sessions, they will not experience such noticeable improvements in fitness.
6. Physical disabilities
As demonstrated in the Paralympics, people with disabilities can be very fit and strong but, in cases of the
body not functioning as it should, a physical disability may place limits on fitness and performance.
7. Illness and fatigue
Illness and tiredness can diminish physical performance as both interfere with not only exercise but the
recovery from exercise. In some cases, too much exercise – a condition called overtraining – can cause both
illness and fatigue.
8. Drugs
Pharmaceutical and recreational drugs can adversely affect fitness. Instructors should ask clients if they are
taking any prescription or recreational drugs prior to exercise so any potential contradictions should be
investigated. If in doubt, the instructor should refer the client to a medical professional.
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9. Stress
Stress increases the production of the catabolic (breaking down) hormone cortisol and can also cause an
elevation of blood pressure, increase the prevalence of heart disease and trigger stress-eating. Stress,
therefore, can have an adverse effect on fitness.
10. Environment
Water, food and air-borne-toxins can have an adverse effect on fitness and health. Fumes from traffic can
significantly impair aerobic function and so too can exercising at altitude. Weather can also effect exercise
intensity and duration.
Health benefits of physical activity
Exercise has a profound and beneficial impact on not just fitness but health too. In fact, too little exercise has
been shown again and again to be the cause of various medical conditions. Despite the message that exercise
is “good for you”, a large percentage of the population are still so inactive (hypokinetic) that their long term
health is at risk.
Current guidelines for physical activity suggest that:



Significant health benefits can be gained by being moderately active for 30-mintes most if not all days
of the week
There are additional health benefits to being active for longer or engaging in more vigorous activity

Regular physical activity has been shown to:











Reduce mortality rates in young and older adults
Reduce the risk of death from cardiovascular disease, coronary heart disease and other conditions of
the cardiorespiratory system
Lower risk of developing certain cancers including colon cancer where the risk is halved
Reduce impairment due to osteoarthritis
Increase bone mass and so reduce the risk of osteoporosis
Reduce the risk of falls in older adults
Effectively prevent and treat obesity and weight gain
Reduce the risk of developing and help manage the symptoms of type 2 diabetes
Improve mental health and relieve depression and stress
Increase general quality of life by enhancing physical and psychological well-being

Effects of exercise on the body
Exercise has a profound and powerful effect on the body. Effects are acute i.e. occur during exercise, and
chronic i.e. happen in the days or weeks following a workout. The acute effects of exercise include increased
heart and breathing rate, warmer muscles and increased synovial fluid production in the joints however most
exercisers are more interested in the long term effects of exercise.
Exercise is a form of stress, albeit a “good” stress. When exposed to a stress, the body responds or adapts to
the stress so that, when exposed to a similar stress, it will be better able to cope. Exercise effects virtually
every system of the body but, for fitness instructors, the most relevant are the cardiovascular and
neuromuscular systems.
The effect of exercise on the cardiovascular system
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Heart








Ventricular hypertrophy (heart size increases)
Increased contraction strength
Increased stroke volume
Increased cardiac output
Decreased resting heart rate
Decreased risk of heart disease
Decreased risk of heart attack
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Blood vessels and blood chemistry





Improved blood lipid profile
Increased haemoglobin levels
Increased blood volume
Reduced systolic and diastolic blood pressure

Regular aerobic exercise has been shown to reduce both systolic and diastolic blood pressure by as much as 10
mmHg in mild to moderate hypertensives. However, and with the exception of circuit weight training,
exercising with weights shows no such benefit and may actually increase diastolic blood pressure.
Lungs





Increased functional capacity during exercise
More efficient diffusion of respiratory gasses
Increased vital capacity
Improved integrity of respiratory muscles

In addition to effecting the cardiovascular system, exercise also positively effects metabolic and mental
function.
Metabolic function





Decreased insulin resistance/improved insulin sensitivity
Reduced body fat
Increased maximal oxygen uptake – VO2 max
Increased metabolic rate after exercise

Psychological changes





Improved self-image
Decreased depression, stress and anxiety
Increased feelings of achievement
Distraction from daily routine

Effect of aerobic exercise on the skeletal systems
As the supporting structure of the body, the skeletal system also responds to aerobic exercise in the short and
long term.
Short term



Increased synovial fluid production
Increased range of movement of joints

As a result of increased range of movement, joints become more mobile and, as synovial fluid is a lubricant,
the joint is protected from wear and tear. Synovial fluid also nourishes the articular surface of the joint which
will help to keep the joint healthy.

Long term




Stronger ligaments
Increased bone mass
Reduced loss of bone mass commonly associated with age

It should be noted that the above adaptations are more pronounced with resistance training.

Effect of aerobic exercise on the muscular system
Muscles are the engines that drive your body and it is here that the adaptions to exercise are usually the most
visible. With aerobic training, it is the type 1, slow twitch, muscle fibres that are predominately effected.
Short term
 Vasodilation
 Blood pumped preferentially to working muscles
 Possible DOMS – delayed onset muscle soreness
 Blood pooling
Delayed onset muscle soreness normally manifests in the hours and days following harder than normal
exercise; typically 12 to 72 hours. It is especially common after starting a new exercise program or sudden
increases in exercise volume or intensity.
DOMS is most commonly associated with the eccentric or lengthening portion of an exercise e.g. the descent
into a squat or running downhill.
Although not conclusive, research suggests that DOMS is caused by micro trauma or microscopic tears to the
muscles which results in an inflammatory response. One thing is clear, severe DOMS does not necessarily
indicate a workout has been especially productive and that some people are more prone to DOMS than others.
Instructors should understand that if DOMS is especially severe, it can be enough to put a client off of exercise
altogether.
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Blood pooling describes how blood is preferentially directed to the working muscles and then, when exercise
ceases, some remains in that area until venous return occurs fully. Blood pooling is most commonly observed
in the large muscle groups of the lower body. This can give rise to symptoms of nausea, dizziness and feinting
but can be avoided by doing low-intensity cardiovascular exercise as part of the cool down to facilitate venous
return.
Long term
Most changes to the muscular system as associated with resistance training rather than cardiovascular training
however, any repetitive activity such as running or cycling will:






Improve muscular efficiency
Increase capillarisation of the muscles
Increase enzymatic function within muscle cells
Increase glycogen and creatine phosphate stores
Increase size and number of mitochondria

Effects of resistance training on the muscular system
While aerobic exercise has a beneficial role to play in muscular endurance and conditioning, overload is
generally insufficient to trigger meaningful adaptions in terms of strength and/or power in any but the most
deconditioned exerciser.
If the goal is to improve the condition of the muscular system, resistance training is the best exercise option.
Effects can be short term or long term and predominately effect the type 2a and type 2b muscle fibres. Note;
some adaptations are also caused by aerobic exercise.
Short term





Vasodilation
Blood pumped preferentially to working muscles
Possible DOMS – delayed onset muscle soreness
Blood pooling

Long term







Decreased nervous inhibition leading to increased strength, power and speed
Increased cross-sectional size of muscle fibres – properly called hypertrophy
Increased glycolytic activity allowing for more work to be done under anaerobic conditions
Increased creatine phosphate and glycogen stores
Increased capillarisation
Increased tendon strength
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Exercise and posture
Long periods of inactivity or sitting down can have an adverse effect on posture; posture being the optimal
alignment of a joint or joints. In addition, badly designed programs that place an emphasis on a limited
number of muscles or activities that are very repetitive can also adversely affect posture.
Sitting, arguably the most negative postural stress, encourages a rounded upper back and protracted
shoulders as well as a forward head position. Sitting using a computer keyboard is a prime example of another
“posture buster” and a habitually rounded upper back is commonly referred to as hyper kyphosis. This hyper
kyphotic posture then becomes the norm – even in the standing position.
Poor posture is caused by shortened muscles, poor flexibility, a lack of strength in the muscles responsible for
maintaining good posture against gravity and bad habits such as slouching.
As sedentary jobs and subsequently poor posture are so common, instructors should endeavour to include
stretches and strengthening exercises in their training programs which help to undo the damage of habitual
sitting and slouching. This generally involves stretching the muscles on the front of the body and strengthening
those on the back.

Exercises that meet the following criteria will also help address postural issue:





Involve a full range of movement
Be compound, functional movement patterns
Are performed standing and/or unsupported
Utilise free weights and cables rather than machines

Instructors should also ensure that there is an equal volume of pushing and pulling exercises and that dynamic
and static stretches are utilised. Care should also be taken to ensure that all prescribed exercises are
performed using good form.

Resistance training
There are many forms of resistance training, also known as strength training and weight training. Some clients
approach resistance training with a degree of caution because they incorrectly confuse resistance training with
bodybuilding or weight lifting.
While there are some similarities between all activities that involve lifting weights, resistance training should
be an essential part of all client’s exercise programs irrespective of training goal, age or gender because it is
incredibly beneficial.
Benefits of resistance training
Morphological factors
Muscle hypertrophy due to increases in number and size of myofibrils, size of type 2 muscle fibres, increased
fluid retention around muscle fibres and increased glycogen and water storage within muscle cells



Increased size and strength of ligaments and tendons
Increased bone density and bone strength
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Neural factors




Increased motor unit activation, recruitment and synchronisation leading to increased force
production
Increase in discharge frequency of motor neurons
Decreased neural inhibition leading to improved force production

Biochemical factors




Small but meaningful increases in ATP and CP levels
Increased testosterone and growth hormone production during and immediately after resistance
training
Increase in insulin sensitivity after resistance training

Additional factors
A program of resistance training may also:














Increase, decrease or maintain body mass depending on exercise and dietary status
Increase muscle mass
Decrease fat mass and body fat percentage
Improve bone and joint health
Increase strength, power and endurance
Improve posture
Improve proprioception
Increase metabolic rate
Increase mobility, flexibility and range of movement
Improve immune system function
Increase functionality and make everyday tasks easier
Improve sports performance
Improve self-image

Resistance training terminology
Resistance training, like so many things associated with fitness and exercise, has a language all its own. It is
essential that all instructors are not only familiar but are fluent in this language so they can effectively
communicate with other instructors and trainers and also with their clients and while exercise names may vary
region by region, the terminology that used to describe aspects of resistance training are all but universal.
Repetitions – a repetition, or rep for short, is one complete movement of an exercise normally consisting of a
lifting phase and a lowering phase. Repetitions are usually prescribed in ranges i.e. 1 to 5, 6 to 12 or 13 to 20.
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Sets – a group of repetitions performed continuously is called a set. Sets are broken up with periods of
recovery lasting from 30-seconds or less to five minutes or more.
Repetition maximum – repetition maximum, RM for short, the maximum number of repetitions that can be
performed in a single set before failure occurs. A 1RM means the most weight that can be lifted for a single
repetition whereas a 10RM is the most weight that can be lifted 10-times. RM is usually given as an indicator
of how much weight is to be used e.g. 75% of 1RM for three sets of five repetitions.
Intensity – intensity has two meanings; it can refer to how hard and/or painful an exercise or workout is or can
relate directly to the percentage of the 1RM being used – the higher the percentage the more intense a
workout is deemed to be. Unlike aerobic training, resistance training intensity has no correlation with heart
rate as performing a 1RM of, say, bench press, while very intense, would not affect heart or breathing rate
significantly.
Volume – volume is the amount of work done in a training session, a week, a month or other training period.
Volume can be measured in terms of the number of sets performed or the total amount of weight lifted in a
given timeframe. Many systems of training, especially bodybuilding and weightlifting, use a high volume
approach.
Compound exercises – exercises that involve two or more joints simultaneously are deemed to be compound
exercises. Compound exercises are, in most cases, more productive and functional. Examples of compound
exercises include press-ups, squats, leg presses, lunges, lat pull-downs, dumbbell rows and deadlifts.
Isolation exercises – contrary to the name, isolation exercises no not work single muscles in isolation but,
instead, isolate joints. Isolation exercises include leg extensions, leg curls, calf raises, biceps curls, pec deck
flyes and abdominal crunches. Isolation exercise are not as effective as compound exercises as they are less
functional but they are still useful.
Hypertrophy – developing bigger muscles is a process called hypertrophy. Hypertrophy is the result of an
increase in the cross-sectional size of the muscle fibres actin and myosin and an accumulation of sarcoplasmic
fluid inside the muscles. Moderate loads and a high volume of training with short to moderate rests are key
features of hypertrophy training, as are multiple exercises per muscle group.
Anabolism – the process of building structures in the body is called anabolism. Hypertrophy, discussed above,
is an anabolic process. The primary anabolic hormones, the chemical messengers responsible for anabolism,
are testosterone and growth hormone. Anabolic steroids are artificial anabolic hormones – usually
testosterone.
Catabolism – the process of breaking down structures (think catastrophe) in the body is called catabolism and
is the opposite of anabolism. Exercise is catabolic i.e. it causes breakdown of muscle tissue. However, after rest
and recovery, the muscle tissue grows back bigger and stronger in the anabolic process.

Types of resistance
To achieve results from resistance training, muscles must be overloaded. That is to say they must be asked to
do a little more work than usual. Overload can come from a number of different types of resistance:



Free weights e.g. barbells, dumbbells, medicine balls, kettlebells
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Resistance machines e.g. cable or fixed-path
Body weight e.g. exercises like press-ups and pull-ups
Manual resistance e.g. force applied by a partner or opposing limb
Isometrics e.g. contracting a muscle against an immovable object like a wall
Resistance bands
Water e.g. hydrotherapy, swimming wearing fins and/or hand paddles

While there are lots of ways to apply overload to your muscles, methods should be selected on merit and
based on the needs of the client and, while an instructor may prefer one particular method for their own
training, they should be sufficiently familiar with all methods for their client’s usage.

Roles of muscles during exercise
Resistance exercises are normally chosen because they work a particular muscle group i.e. the bench press to
work the chest. However, in any movement, a whole lot more is going on than the work done by the target
muscle. Knowing the role of muscles in an exercise is important for several reasons including program design
and avoiding overlapping exercises.
Agonists – also known as the prime mover the agonist is muscle that contracts to produce force and control
the movement and is also the target muscle of the exercise.
Antagonists – the opposing muscle and the one that relaxes to allow movement to occur is called the
antagonist. This muscle is only usually responsible for the opposite joint action.
Synergists – muscles never work in isolation and synergists assist the agonist by modifying the desired
movement e.g. in the bench press, the pectoralis major is the agonist but the anterior deltoids and triceps are
also involved to a lesser extent. Synergists can be thought of as secondary muscles.
Fixators – fixators fix joints in place so that they remain stable and the agonist can work efficiently. In the
press-up, the core muscles fixate the spine to prevent the hips dropping. Fixators are also known as stabilisers.
With the help of your tutor, complete the following chart:

Shoulder press machine
Agonist
Antagonist(s)
Synergist(s)
Fixators(s)

Barbell biceps curls

Lat pull downs
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Warm up and cool down
While the main session, be it resistance training or aerobic training, is the productive part of any workout,
going from sedentary to exercising hard is not a good idea as it will reduce the effectiveness of the workout
and may result in injury and once the hard work is done, as tempting as it might be to do so, it is never a good
idea to come to an abrupt halt. All of this means that instructors must ease their client into and out of exercise
which requires well-deigned warm ups and cool downs.

Warm ups
Warm ups are designed to make you warm (!) and also make the transition from inactive to active as smooth
and seamless as possible. A good warm up should prepare your joints, muscles, and neuromuscular system for
the workout that follows.
A good warm up will:





Raise your heart rate
Increase your body temperature
Mobilise your major joints
Stretch your muscles in an appropriate way

Warming up should never be so intense that performance of the main session is compromised but neither
should it be so gentle that it is ineffective.
A warm up should mimic the skills of the coming workout and be specific to the demands that face the client
i.e. if the client’s workout involves running, so too should the warm up. The same is true of resistance training.
Warm ups generally consist of a graduated pulse raising activity, joint mobility exercises, appropriate
stretching (usually dynamic in nature) and any drills necessary to fully prepare the client for the session to
follow.

Warming up has the following benefits:











Increased core temperature leading to improved vasodilation and better delivery of oxygen to
working muscles
Warmer muscles that will contract and relax more readily
Metabolic processes in the muscles happen more rapidly and efficiently
Muscle viscosity is reduced and so movement is smoother and more efficient
Muscles are able to exert more force after an appropriate warm up because of increased
neuromuscular facilitation
Lactic acid production is reduced after a slow and gradual warm up
Nerve impulses travel faster, reaction times decrease, balance, coordination and general nervous
system function improves
Improved cardiovascular response to strenuous exercise due to increased vasodilation
Joints are lubricated with synovial fluid resulting in increased range of movement and reduced wear
and tear
Connective tissue and muscles becomes more flexible
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Mental and physical rehearsal effect

Although it is impossible to unequivocally say that warm ups prevent injury as people who have warmed up
get injured too, it is safe to say that a good warm up that is specific to the workout that is to follow should
reduce the risk of injury.

Types of warm up
There are three main types of warm up:
Passive warm ups – passive warm ups inevitably involve the use of a sauna, heat lamps, taking a hot bath,
using a heat pack, donning extra clothes or getting a massage. While circulation can increase and so to can
superficial muscle temperature, core temperature, joint mobility and cardiovascular function will remain
largely unchanged. The main value of passive warm ups is continuing the warm up process after a more active
warm up, preparing the body for a more active warm up or warming up when injured.
Active general warm ups – general warm ups are best used before general workouts and involve activities
such as jogging and/or light calisthenics. They affect both cardiovascular and neurological systems and are
more effective than passive warm ups.
Active specific warm ups – specific warm ups involve using movement patterns that are very similar or even
identical to those of the coming workout but with reduced intensity. For example, doing several light but
progressively heavier sets of deadlifts before a powerlifting workout. Specific warm ups also provide an
opportunity to practice the skills that will be used in the coming workout; the more intense or skilful the
workout, the more important specific warm ups become. Active specific warm ups are often proceeded with
active general warm ups.
As a general rule, warm ups should be gradual and progressive and end when the client feels they are ready to
start their main session. There is no set length to a warm up – it should be as long as necessary but no longer
so energy is conserved for the main session. Cold weather, advancing age, injury or muscle soreness and the
intensity of the workout to follow will all influence the length of the warm up.

Cool downs
Cool downs help return the body to its pre-exercise state and just as a warm up should be gradual, so too
should a cool down. A sudden halt to physical activity can leave a client sore and suffering from DOMS and
could cause blood pooling.
The objectives of the cool down are:




Gradually decrease pulse rate
Decrease body temperature
Stretch muscles in the appropriate way
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Cool downs generally involve a short period of aerobic exercise where intensity is gradually decreased over
several minutes. This facilities venous return and prevents blood pooling. On completion of this “pulse
lowerer”, stretching is performed according to the needs of the client. Stretches are generally static in nature
and are designed to maintain or improve the client’s current level of flexibility.

Flexibility
Flexibility is best defined as the range of movement at a joint or joints and is influenced by joint structure, the
shape of the bones and cartilage involved and the length and elasticity of the muscles the cross the joint.
Flexibility varies significantly from person to person and is specific to individuals. Poor flexibility can have an
adverse effect on posture and function but so too can excessive flexibility or hypermobility.
While flexibility is, in many ways, genetic, some sports and activities are responsible for a reduction in
flexibility. For example, long periods of sitting can shorten several important muscles including the hamstrings
and hip flexors whereas jogging and cycling, activities that utilise a small range of movement, can also cause
muscles to shorten. This phenomenon is called adaptive shortening.
Some activities are linked to or require a high degree of flexibility; the most obvious examples being dance,
gymnastics and most martial arts.
Flexibility is developed by stretching which involves moving the muscle origin and insertion further apart.
There are several notable benefits to stretching:












Increased range of movement
Reduced muscle tension
Increased physical and mental relaxation
Reduced risk of non-specific back pain
Possible reduced risk of DOMS (delayed onset muscle soreness)
Decreased muscle viscosity resulting in smoother movements
Improved coordination
Improved proprioception
Improved circulation
Improved posture
Possible reduced risk of injury

Factors affecting flexibility
Flexibility can vary significantly from one individual to another and the potential for developing flexibility is, in
part, limited by several factors.
Age – babies are very flexible but, as they start to walk and more joint stability is required, muscles begin to
tighten up. Younger people tend to be naturally more flexible than older people and muscle elasticity tends to
decline with age unless regular stretching is performed.
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Gender – women tend to be naturally more flexible than men. The reasons are two-fold. Women have a higher
amount of the hormone relaxin which does exactly what its name suggests – it relaxes soft tissue and muscle.
This facilitates greater flexibility. Relaxin levels increase significantly during pregnancy so that the women’s
body can stretch to accommodate the growing foetus and for the birth itself. Additionally, women are
statistically more likely to participate in activities such as dancing or gymnastics where flexibility is important
and therefore developed.
Temperature – direct or indirect heat make muscles and tendons more elastic. Conversely, a decrease in
temperature can significantly reduce flexibility.
Exercise history – years of running or cycling can adversely affect flexibility while performing full-range
movements such as deep squats, high kicks and other dynamic activities will enhance it. A well-designed
resistance training program utilising full ranges of movement will positively influence flexibility whereas the
same program performed using shortened range of movement will reduce flexibility.
Heredity – hypermobility is a hereditary trait; some people are born with a tendency toward hypermobility or,
what is incorrectly referred to as “double joints”. Hypermobility increases the risk of injury and joint
dislocation and it essential that muscles are strengthened to protect at-risk joints.
Fashion – high heels and tight skirts can adversely affect flexibility because they place muscles in a shortened
position or restrict range or movement.

Methods of stretching
There are several methods and types of stretching that an instructor should be familiar with so that they can
chose the right one for their client:

Method
Active stretching

Passive stretching

Type of stretching
Static – maintenance
Static – developmental
Dynamic
Ballistic
Static – maintenance
Static – developmental

Example
Seated hamstring stretch
Standing chest stretch
Leg swings
Standing toe touches
Partner assisted hamstring stretch

Active stretching
Active stretching involves effort from the individual doing the stretching. This may be because they adopt and
hold a stretch themselves or use the antagonist of the target muscle to stretch the opposing muscle. Examples
include using the middle trapezius, rhomboids and posterior deltoids to horizontally extend the shoulders and
retract the shoulder girdle to stretch the pectoralis major and anterior deltoids.
Passive stretching
Passive stretching uses an external force or prop to stretch the target muscle. For example, a length of rope to
stretch the hamstrings of one leg while lying on your back or the use of a partner. Passive stretches are usually
better when a longer stretch is required as they are comfortable and require little or no input from the client.
If a training partner or instructor is providing stretching assistance, it is essential that the force of the stretch is
applied gradually and carefully and is accompanied by good communication between both parties as it’s all too
easy to overstretch and cause injury.
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TYPES OF STRETCH
Static – as the name suggests, static stretches involve little or no movement. The muscle in question is
stretched until the point of bind (end of range) is reached and that position is then held with no bouncing. This
should result in a mild stretching sensation but no actual pain in the target muscle or joints.
Static stretches can be used to maintain the current level of flexibility (maintenance stretching) or increase
flexibility (developmental stretching).
Maintenance stretches are held for 10 to 15-seconds and then released whereas developmental stretches are
held for 30-seconds or more. Developmental stretches are usually increased incrementally as muscles
gradually relax. In general, the longer a stretch is held, the greater the increase in flexibility will be.
Care should be taken not to force a stretch or stretch a cold muscle as injury can result. It is also important to
ensure that increases in the depth of a stretch come from elongation of the target muscle and not nearby
joints e.g. rounding the lower back in a hamstring stretch.

Dynamic – dynamic stretches involve taking a muscle or group of muscles through a wide range of movement
without stopping in the fully extended position. For example, to stretch the hamstrings, you could swing your
legs forward from your hips in an alternating high kick. Dynamic stretches are always performed smoothly and
in a controlled manner to minimise the risk of injury and should mimic the movements or activities of the
following workout or sport.
Other examples of dynamic stretches include forward lunges with a waist twist, wide-foot squats and
repeatedly reaching your arms up above your head. Dynamic stretches are normally best performed in sets of
10 to 15-repetitions and, usually, three to five dynamic stretches are all that are required.

Ballistic – this form of stretching involves using momentum and bodyweight to stretch a muscle beyond its
normal point of bind. This is done using repetitive bouncing movements. For the vast majority of exercisers,
this method is not recommended as rapidly and forcefully exceeding the point of bind may cause injury.
However, for certain sportspeople and for stretching adhesions and stubborn fibrous tissue in physiotherapy
and rehabilitation, it may be necessary to use ballistic stretching.

When to stretch?
Stretching should be part of virtually every workout but is important that the right stretches are used at the
right time. For example, static developmental stretches cause muscle relaxation and can inhibit force
production so they are not really suited to the warm up. However, if a client has very bad flexibility in one or
several muscles which makes the performance of a particular exercise more difficult than normal, statically
stretching hypertonic muscles may be beneficial e.g. statically stretching the calves prior to squats. In contrast,
the active nature of dynamic stretches mean they are not really suitable for cool downs.
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Warm up
Dynamic stretching

Cool down
Static stretching – maintenance

Ballistic stretching

Static stretching – developmental

Static stretching
* For corrective purposes only
In the majority of cases, stretching is a safe and very beneficial activity however some population groups could
suffer injury or health concerns as a result of stretching. An instructor should know who is and isn’t a suitable
candidate for flexibility training.

Considerations when flexibility training include:









Avoid any developmental or ballistic stretches during pregnancy because of the softening effects of
relaxin
Do not force a stretch if movement is inhibited by a bony block
Avoid stretching the muscles surrounding a fracture site for 8-12 weeks post-injury
Stop stretching if any sharp muscle or joint pain occurs
Stop stretching is any muscle cramps occur during stretching
Do not stretch joints or tissue that is infected
Avoid stretching any muscle or joint that is acutely inflamed
Do not stretch any bruised or sore muscles if the cause was overstretching

Flexibility training is all too easily left out of exercise programs because of lack of time, not seeing the value or
lack of knowledge. However not stretching can increase acute and chronic injury risks and regaining lost
flexibility takes much longer than developing and maintaining it in the first place.

PRINCIPLES AND VARIABLES OF FITNESS IN DESIGNING AN EXERCISE PROGRAM
One of the main jobs of a fitness instructor is designing exercise programs. The results experienced by the
client are largely the result of the program they follow so it is essential that instructors learn and practice
designing programs to ensure that they perform this vital job skill effectively and efficiently.

The training principles
The training principles are best thought of as program design rules for success. If a program adheres to these
principles, it is much more likely to be effective. There are five main training principles.
1. Specificity – the principle of specificity dictates that the adaptations in the muscles, organs and systems will
be specific to the type of training performed. This is also known as the SAID principle – short for specific
adaptions to imposed demands. If a client wants to improve their ability to run, a large amount of their
training should involve running. Similarly, if the client wants to get stronger, they need to lift heavy weights.
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2. Progressive overload – if you run a mile every time you exercise, your body will adapt to that level of stress
and your fitness will plateau; you’ll only ever be “one mile fit”. However, if you want to increase your fitness
further, you’ll have to make your workout progressively harder. This is called overload. Overload comes from
the intensity of the exercise, the duration of the exercise, the frequency of the exercise and several other
factors that can all be manipulated to make the workout more demanding and therefore more productive. This
is covered in the section on training variables.
3. Reversibility – fitness cannot be stored and, if an individual stops exercising, over the coming weeks and
months, their fitness will decline. To maintain any aspect of fitness, be it strength, flexibility or cardiovascular
fitness, exercise must be maintained.
4. Recovery – the cells, muscles and systems of the body only adapt during periods of rest and recovery so
recovery must be programmed alongside exercise for best results. While training every day might seem like a
good idea, the lack of rest may actually inhibit rather than result in superior fitness gains. The key to success is
doing as much exercise as the body can tolerate without becoming over trained from lack of rest. Rest
between sets, workouts and even weeks of intense training all require consideration.
5. Individuality – physiological factors such as age, gender and somatotype will all affect program design and
the results experienced by the client. While one exercise or program type may suit some clients perfectly, they
may be completely contraindicated for others. It is essential, therefore, the programs are designed on an
individual basis and do not follow “cookie cutter” templates.

General exercise variables
Doing the same workout over and over will cause fitness gains to stagnate or plateau. This can lead to client
frustration and even exercise drop out. To ensure the client’s fitness levels continue to improve, it is essential
that instructors know how to manipulate the general exercise variables which can be summarised using the
acronym F.I.T.T.
F – frequency
I – intensity
T – time
T – type
Frequency – refers to the number of training sessions per day, week, month or year. A beginner client may
start out exercising three-times a week whereas an advanced athlete might train 12-times a week (twice a day
for six-days.) Exercise frequency should increase gradually over time and reflect not only the client’s level of
fitness but also their ability to recover and the amount of time they have available.
Intensity – a workout’s difficulty is properly referred to as intensity. Intensity can be measured using the rating
of perceived (RPE) exertion scale, the percentage of 1RM (one repetition maximum) being used or the average
exercise heart rate and is influenced by the training variables discussed elsewhere in this manual but including
speed, distance, resistance, duration of recovery and level length.
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Time – the duration of a workout, the time between sets, the time between workouts and even the amount of
time taken to perform a single repetition can all be varied to elicit a specific training response. Time is an
important exercise variable so instructors should wear a watch to be able to monitor this factor.
Type – choosing the right type of exercise depends on the client’s goals, physiology and their current skill level
but should, in the majority of cases, be specific to what the session is designed to achieve. While both running
and swimming both can positively affect the cardiovascular system, if the client’s goal is to become a better
runner, then running should make up the majority of their workouts. However, the type of exercise can be
manipulated to elicit a specific fitness response as many exercises have broad similarities and can be used to
provide program variety.
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General F.I.T.T. guidelines for common fitness goals
Strength

Hypertrophy

Endurance

Health
5+ sessions
week

Type

Split routine

1-2 times per
week per muscle
group
Moderate
67-85% 1RM
Split routine

2-3 times per week
per muscle group

Intensity

1-2 times per
week per muscle
group
High - >85% 1RM

Low
<67% 1RM
Whole body routine

Time, reps

1-5 reps

6-12 reps

13-20+ reps

Low
6/7 RPE
Any
physical
activity
30+ minutes

Recovery
between
sets
Sets
exercise

3-5 minutes

1-2 minutes

30-60 seconds

N/A

2-6 sets

3-6 sets

2-3 sets

1

Frequency

per

Cardiovascular
per

3+
sessions
per week
Medium/high
60-90% MHR
CV exercise
20+
minutes
1-10 minutes depending
on energy system
2+ (if using intervals)

Regarding frequency, as fitness levels increase, so too does the ability to recovery from exercise and where a
beginner may need several days rest between hard workouts, a more advanced exercisers may only need 24hours. Therefore workout frequency should reflect a client’s training status/age or level of experience.
However, it is also important to realise that the ability to recover from exercise is also affected by age,
nutritional status, sleep, stress and gender so while the following guidelines are useful, they should not be
considered to be “set in stone”.
Training status
Beginner
Intermediate
Advanced

Frequency (per week)
2-3
3-4
4-7+

Principles of a progressive training program
Doing the same workouts over and over is a sure-fire route to a fitness plateau and a lack of meaningful
progress could result in the client losing enthusiasm and motivation for exercise. To avoid such stagnation, the
fitness and exercises variables should be manipulated over time to ensure that the client continues to progress
toward his or her goals. This planned progression is called periodisation.

Progression and periodisation

The human body is very responsive and will do its best to adapt to whatever stress it is exposed to. Exercise is
a form of stress and, assuming the dose of stress is correct and there is sufficient rest and recovery between
bouts of exercise, the result of doing exercise should be positive.
However, repeated bouts of the same exercise, too much exercise too soon or too little will not provide a
stimulus for change and lack of progress is likely to result in client dissatisfaction.
In the majority of cases, beginners adapt the quickest because literally any stress is new. As exercisers
transition from beginner to intermediate, improvements in fitness start to slow down. Advanced exercisers,
because they are so close to their genetic potential, make only very small fitness improvements.
Unfortunately, because a beginner is so adaptable, they will experience improvements in fitness even if they
are following a program that is incorrectly designed. These initial gains, are, however, short lived and this is
why program design and periodisation are so important if continual progress is to be maintained.
It is once fitness progress begins to slow that manipulation of the so-called training variables becomes
essential. However, over-zealous programming, not paying attention to recovery and a sub-par approach to
nutrition can result in overtraining.

Overtraining
Exercise that exceeds the client’s ability to recover and adapt can lead to a condition called overtraining or, to
give its full name, chronic overtraining syndrome. Overtraining can be caused by the instructor’s program as
well as what the client does outside of the gym so it is important that both parties know how to recognise the
symptoms.

Signs of overtraining include:















Decrease in coordination
Inability to concentrate
Reduction in performance
Irritability
Oversensitivity to criticism
Disrupted sleeping patterns
Non-specific aches and pains
Loss of training enthusiasm
General lethargy
Limbs “feel heavy”
Increased frequency of colds and other
illnesses
Digestive upset
Elevated resting heart rate
Dysmenorrhea (irregular periods) or
amenorrhea (absence of periods)
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If overtraining is suspected, a short break and regression of the training plan must be implemented. Trying to
“smash through” overtraining can make matters much worse and could necessitate a long break from exercise.
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