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Introduction

This course is available online, on ebook and if you need further support, can be supported
with live tutors.

It is important to follow these instructions when completing this course -

1- Download the LAP and mock exam then print them.
2- Get a note pad and pen (or iPad or whatever you are using), get a drink, get comfy ready to
work through the chapters in this course.
3 – Skim read through each page, go fast, do not worry about taking it in, just make sure you
have been through the material.
4 – Write down words and concepts that are new to you as you go through the course, do not
panic if you end up with a few pages of terms to learn or concepts that are new to you.
5 – When you have completed this, then you have a pad of potential questions for later.
6 – Open the LAP, and go through the course material to fill in each component of the LAP.  A
lot of people need extra help on this.  I love to meet our students and I love to help with this,
so if the LAP is daunting then simply email john@fasterglobal.com and I will help you through
it.
7 – Now you have completed the LAP, you need to start to get your head in to the material.
 So start by going through the mock exam.  For each question, you want to know you can
answer the question easily, and also you can explain why each of the potential answers are
wrong.  I suggest you answer each question in a short answer form, by looking through the
notes.  This will form your revision notes.
8 – Go back to your note pad, start scribbling out the things you now know.  The components
you are struggling on, then go and have a look again through the notes in here and get the
answers you want.
9 – If you have filled out the LAP, and you are happy you know the mock exam inside out and
upside down, then it is now time to book in an assessment with your associated tutor or email
John@fasterglobal.com if you are not sure who that is and I will help you.
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How the Skeleton Evolved

The skeleton is divided into two sections.

The axial skeleton protects the vital organs and provides the body with shape. The
appendicular skeleton is involved in movement and weight bearing.

The Axial Skeleton:

Consists of 80 Bones in adults.
Consists of the Head, Spine and Trunk
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The appendicular skeleton:

126 Bones in an adult
It is made up of upper and lower body extremities
These are connected by the Scapular and Pelvis
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Learn all of these bones for your exam

The Bones of the Axial Skeleton:

The Vertebral Column
(Remember the phone number 7-12-5-5-41)

7 Cervical vertebrae
The first vertebrae is called the ATLAS which supports the skull and forms a pivot with the
second cervical vertebrae called the AXIS
12 Thoracic vertebrae
These also form joints with the ribs
5 Lumbar vertebrae
These are the largest and strongest vertebrae
5 Sacral vertebrae
The sacrum consists of these Sacral vertebrae, which are all fused.
4 Coccygeal
The coccyx is formed from these four fused vertebrae

Cranium: (Skull)
8 cranial bones and 14 facial bones

Sternum: (Breast Bone)
Long narrow flat none in the middle of the chest

Ribs
12 pairs of ribs that connect to the sternum to form the rib cage.
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Learn all of these bones for your exam

The bones of the Appendicular skeleton:
The shoulder girdle
The bones which make up the shoulder girdle are the 2 clavicles and the 2 scapulae. 

Clavicle: (Collarbone).
Sits between and connects the Scapula to the Sternum

Scapula: (Shoulder blade).
The scapular sits at the back of the rib cage, laying above it but not connecting to it, instead
connecting with clavical.

Humerus
The bone in the upper arm that connects the scapular and clavical to the Radius and Ulna at
the elbow.

Ulna
Closest to the body when the arm is straight by your side, it is the smaller bone in the lower
arm.  It sits between the humerus and the carpals (the wrist)
Radius
Furthest from the body when the arm is straight by your side, it is the smaller bone in the lower
arm.  It sits between the humerus and the carpals (the wrist), it mainly articulates at the wrist
rather than the elbow.
Carpals
A collection of bones that form the wrist, they connect the Radius and Ulna to the the
Metacarpals.
Metacarpals
Connecting the wrist to the fingers, and forming the palm of the hand.
Phalanges
14 mini long bones that form the fingers
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Learn all of these bones for your exam.

Pelvis (often called the hip bone)
Is made up of 3 major bones which are fused together.  These bones are the Illium, Ischium
and Pubic Bones. 
Femur: (thigh bone)
The long bone that sits below the pelvis.
Patella: (kneecap)
This is an irregular bone that works to allow the knee to bend
Tibia: (shin bone)
This is the bone that takes all the weight during motion
Fibula: (calf bone)
Sits at the outside of the lower leg and works to stabilise the lower leg and ankle
Tarsals - These make up the foot and toes and consist of the following bones.
Metatarsals
Phalanges
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A Visual Guide

Learn these visually
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Types of bones that make up our skeleton:

The bones of the human skeleton come in many shapes, sizes and weight depending on the
function that the bone performs.

Classification of Bones
Bones are generally classified into four types according to shape:
Classification of bone Description
Long bone These bones are longer than they are wide. They are slightly curved for strength,
e.g. femur and tibia.

Short bone These bones are cube shaped, e.g. carpals and tarsals, and contain mostly
spongy bone.

Flat bone Contain spongy bone in between surrounding layers of compact bone e.g. skull and
scapula

Irregular bone They have lots of different shapes, e.g. vertebral column.

Reference:
Applegate, Edith J. 1995. The Anatomy and Physiology Learning System: Textbook. W.B.
Saunders Company. Philadelphia, PA.
Van De Graaff, Kent M. 1998. Human Anatomy 5th Edition. WEB McGraw-Hill. Boston, MA
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Bone Formation and Growth

Bone Formation

Bone comes from ossified cartilage.  That is when you are born the majority of the bone is
cartilage.  Then over time the cartilage hardens, which is known as ossification.  It takes until
we are about 20 years old for the whole skeleton to ossify.  It is at this point we reach peak
bone mass.
Calcium mainly, as well as Phosphorus, fluoride, zinc and magnesium are deposited into the
protein fibres in cartilage for ossification to occur.

Bones grow from the epiphyseal plates, located between the diaphysis (the shaft) and the
epiphysis (end) of the bone. The epiphyseal plate has minerals deposited into it. As it hardens
it ‘pushes’ the hardened bone out into the diaphysis, thus making the bone longer.  As growth
progresses, the production of cartilage cells in the epiphyseal plate slows and eventually stops.

Bone growth is rapid until childhood, then again around the age of 10-11 in girls and 11-12 in
boys.  By the age of 18 the majority of the bone formation has occurred, with completion, of
bone growth completed by the age of 25. 

Osteoblasts, Osteocytes and Osteoclasts are the three cell types involved in the development,
growth and remodelling of bones.  This is something that continues to happen throughout adult
life and happens as a direct response to the amount and type of movement and forces put
through the skeleton.

Osteoblasts - bone-forming cells that continually set down bone
Osteocytes are mature bone cells
Osteoclasts (digesting bone) break down and reabsorb old bone.
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Bone Formation and Growth

Factors Involved in Bone Formation

Physical activity and good nutrition 
Lack of sunlight (specifically a lack of Vitamin D)
Sedentary lifestyle and poor nutrition during the years of bone formation can lead to a bowing
of the lower limbs known as osteomalacia (Rickets).
Vitamin D found in foods such as meat, chicken, eggs, milk and liver. It can be synthesised
(made) in the body through the action of the ultraviolet (UV) rays in sunlight acting on the
subcutaneous (below the skin) cholesterol.  Vitamin D is important for calcium absorbsion.
Vitamin A and C also play a crucial role in normal bone growth and development.
Weight Bearing Exercises - Force pushed through the bones, via the muscles have a positive
effect on the density of the bone.  This means exercises such as jogging, jumping etc are
better than cycling or swimming.

The potential result of low bone density
Osteoporosis - this can be genetic, but is compounded by bad decisions that do not support
the development and maintenance of good bones.  Some of these bad decisions include
physical inactivity, smoking, poor nutrition plus anything of the previous list.  In this disease,
the bones become thinner, so the potential dangers from falling and impact go up.  This
disease is more prevalent in the elderly, especially females.
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The Structure of a Long Bone

Diaphysis: The shaft of the bone
Epiphysis: The end of the bone
Periosteum: The thin outer membrane which
contains the osteoblasts, a network of blood
vessels and nerves.
Articular Cartilage: A thin layer of cartilage
called articular cartilage.  Here the bones of a
synovial joint make physical contact.
Epiphyseal plates (growth plates): The point
where bones grow
Compact bone: Critical for strength found
beneath the periosteum is a hard, dense shell
of compact bone which is found in the shaft
diaphysis. 
Spongy bone (Cancellous bone): is porous
and so looks like a sponge. Found mainly in
the interior of the bones especially at the end
of the bone, the epiphyses. The spaces in the
cancellous bone store red marrow which
produces red blood cells.
The Medullary Cavity: A cylindrical cavity
known as the medullary cavity is filled with fat
(yellow) bone marrow

Copyright: <a
href='http://www.123rf.com/profile_roxanabalint'>rox
anabalint / 123RF Stock Photo</a>

References
Nordin, M and Frankel, VH.1989. Biomechanics of bone. In M.Nordin and VH Frankel (Eds). Basic Biomechanics of the Musculoskeletal
System. Philadelphia, Lea and Febiger, 3-30
Sambrook, P. 2001. Bone Structure and Function in Normal and Disease States. In The musculoskeletal system: Basic Science & Clinical
conditions. Churchill Livingstone, 1st edition, 68-84
Theodore, Jr Dimon and Megan Day. 2001. Anatomy of the Moving Body: a basic course in bones, muscles, and joints. North Atlantic
Books, USA
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The Spine

The Spine provides the flexible structure around which we can move. It also provides vital
attachments for our arms, legs and chest.
The spine is made up of irregular bones called vertebrae which sit on top of each other to
form an S-shaped structure. A cartilage disc sits between each of the vertebrae to for a
shock absorbing layer.
Curvature of the spine
The Spine has evolved with a curvature that allows for both shock absorption and also
power production, through optimal ranges of motion at each joint.
Posture
Sometimes described as ideal posture, is one where a straight line could pass through the
ear lobe, tip of the shoulders, through the front of the knee and through the front of the
ankle. It is described as this because this position minimises the stress that is applied to
each joint and the muscle activity that is needed to maintain the upright posture.

Factors that affect posture and spinal alignment
Posture habit – work, sitting  or standing for long periods of time
Muscle imbalances – from habitual movements, or from frequently played sports.
Hereditary conditions
Age – whether during growth spurts, puberty or old age
Footwear– such as high-heeled shoes

The factors above can cause a spine to sit in a position that is different to ideal.  Previously
this has been described as dysfunctional and several terms, which we will discuss below,
have been used to label these positions.
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Hyper Kyphosis

The thoracic spine has a naturally occurring C-curve, and when this curve becomes excessive
a person can be described as having Kyphosis. A kyphotic spinal deformity means there is
too much forward curve in the spine. The severity of this curve can vary along with the
symptoms, which range from nerve problems and chronic pain. Kyphosis is most common in
the thoracic spine, though it can also affect the cervical and lumbar spine.
The main muscles that are affected include:
Shortened/tight pectorals / The Mid and lower sections of Trapezius are weak and long, while
the upper section is short and tight. Rhomboids are lengthened.
Methods of treating Kyphosis have evolved over time. Today there are numerous effective
treatment options for correcting a severe kyphotic deformity. But for the scope of the Level 2
course, we will be looking only at the conservative method of stretching and mobility
exercises:
• Stretching for the pectorals
• Strengthening and tightening of the mid and lower section of Trapezius, along with the
Rhomboids
• Focus on extending the thoracic portion of the spine in the mobility exercises
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Hyper Lordosis

Lordosis, is a term used to describe the excessive inward curve of the lumbar spine. This
gives an individual’s appearance of having a prominent bottom.
The main muscles that are affected are:
Shortening of the erector spine
The gluteus maximus becomes lengthened and weak
Shortened and ‘over active’ hamstrings
Shortened and tight hip flexors
Long and weak transverse abdominus and rectus abdominus
Recommended exercise:
Stretching of hamstring, hip flexors and erector spinae
Strengthening of abdominus muscles and gluteus maximus
Flexion exercises of the lumbar spine
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Scoliosis

When you look at and individual’s spine from behind, a normal spine appears straight, but in
the case of scoliosis there is a side-to-side curvature of the spine. Treatment should be left to
a specialist.

References
Eidelson S.G (2002). Saving your aching back and neck. A patient’s guide. SYA Press and
Research, Inc. United States of America
Gray, Henry. Anatomy of the Human Body. Philadelphia: Lea & Febiger, 1918; Bartleby.com,
2000. www.bartleby.com/107/. [21/11/2006].
Rrodiguez V.2006. How does Exercise affect bone development during growth? Sports
Medicine. 36 (7):561-569
Scoliosis Research Society (2007). Information on Scoliosis.
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Types and classification of joints

Immovable (fibrous) joints
These joints connect bones without allowing any movement, e.g. the skull. Immovable joints
are not designed to move in relationship to each other. If they do, breakage occurs.

Slightly Moveable (cartilaginous) joints
These occur when bones are attached together by cartilage. There is little movement, e.g. the
vertebrae and ribs

Freely Movable (synovial) joints
These are the most common type of joint and they allow for much more movement than any
of the other types of joints. The cavities between bones in synovial joints are filled with
synovial fluid. This fluid helps lubricate and protect the bones, e.g. the knee joint

Free moveable joints are the ones that you will need to know well for this course, primarily
because these are the ones most responsible for allowing movement.  These joints get their
name from the fluid that allows them to move, the synovial fluid.  This fluid acts as a cushion
between bones and so helps maintain the cartilage in and around the joints.  These joints are
called synovial joints.



Level 2 GI - Module 1

The Anatomy of a Synovial Joint

Bone -The epiphysis of the long bones form the
synovial joints in most cases, this is different in
some joints such as the knee where another bone is
required to create a lever.

Ligament- Connect bone to bone and stabilises the
joint, reinforces the joint capsule and prevent
dislocation. Fibrous but also flexible.

Cartilage- Hyaline cartilage covers the end of the
bones with a smooth slippery surface. The cartilage
is elastic which allows it to cushion and so protect
the ends of the bones.

Tendons - Tendons connect muscle to bone, and
are the transmitter of force to the bones from the
muscle.  They also provide stability and can
contribute to force production by returning from a
lengthened position.

Synovial fluid - This is produced by the synovial
membrane and it provides lubrication and nutrition
for the joint.

Copyright: <a
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The 6 Types of Synovial Joints

1.Ball and socket joints
2.Saddle joints
3.Condyloid Joint
4.Hinge Joints
5.Pivot joints:
6.Gliding joints (e.g. Carpals and Tarsals)

Copyright: <a
href='http://www.123rf.com/profile_7acti
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Reference:
Aaberg E.2006. Muscle Mechanics. Human Kinetics. Champagne
Gray, Henry. Anatomy of the Human Body. Philadelphia: Lea & Febiger, 1918; Bartleby.com,
2000. www.bartleby.com/107/. [21/11/2006].
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Muscles

Muscles are broken down into voluntary and involuntary muscles dependant on how they are
controlled by the nervous system.  
Voluntary muscles (Striated/ Skeletal) are ones that are controlled by
either conscious decision making or as part of a reflex arc that is dependent on proprioceptive
feedback.
Involuntary muscles (Cardiac and Smooth Muscles) perform contractions continuously as
needed and without conscious control.

Copyright: <a href='http://www.123rf.com/profile_rob3000'>rob3000 /
123RF Stock Photo</a>
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Muscles

Structure of a Skeletal Muscle
Notice that the muscle is a progressively smaller bundle of muscle fibres. Each surrounded in
connective tissue.
You need to learn each level of these muscle bundles.

Copyright: <a href='http://www.123rf.com/profile_roxanabalint'>roxanabalint / 123RF Stock Photo</a>
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Muscles

Types of Muscle Fibre
Different muscles in our body have different functions, therefore their structure varies slightly.
For example, skeletal muscle fibres vary in colour depending on their content of myoglobin –
which is the compound that stores oxygen until needed by mitochondria.

Red colour skeletal muscles are Slow Twitch muscle fibres and are mainly used in
endurance/aerobic work
White coloured skeletal muscles have Fast Twitch muscle fibres and are mainly developed
during strength/anaerobic training
Pink coloured skeletal muscles are intermediate muscles, meaning that their characteristics
are in between the Red and White skeletal muscle.



Level 2 GI - Module 2

Muscles

Once a signal has been sent to muscle to contract then this is done via the sliding filaments,
where the thick and thin filaments in a sarcomere slide over each other.

The signal from the central nervous system signals the golf club type heads on the thick
filament (the myosin) to start to grab at receptor sites on the thing filament (the actin)

This connection to the actin by the myosin, allows the myosin to pull the actin.  By pulling the
actin towards the myosin the result is that the two ends of the sarcomere are pulled together.
 

Copyright: <a href='http://www.123rf.com/profile_hfsimaging'>hfsimaging / 123RF Stock Photo</a>
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Muscles

How the nervous system controls muscle units:

Nervous System Overview:
The nervous system rapidly sends to and receives information from the body and controls the
actions of the bodily systems by responding to that incoming information.

The nervous system provides three main functions:
Sensory : Collect information on events occurring inside and outside the body 
Integrative: Analysis and Interpretation of incoming information

Motor: Response to the data, either increasing breathing rate or skeletal muscle contractions
for example.

Homeostasis is the tendency of the body to seek and maintain a condition of balance or
equilibrium within its internal environment, even when faced with external changes.
Maintaining homeostasis is the role of the nervous system.

The Central Nervous System (CNS) and the Peripheral Nervous System (PNS) are the two
components that make up the nervous system.

The Central Nervous System is made up of the brain and spinal cord and is where information
is sent to be collected and analysed for a response.  The spine is the container for the nerves
that connect the signals from the rest of the body to the brain.

The Peripheral Nervous System is responsible for all other nerve processes that branch out
from the spinal cord and connect with receptors in the muscles, glands, organs and blood
vessels. The PNS is further divided into the Somatic and autonomic branches.
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Muscles

The Somatic Branch of the PNS is responsible for all voluntary actions over which we have
direct control, so actions such as picking something up (or dropping it if its hot!).

The Autonomic Branch is responsible for all involuntary actions over which we have no
control. This is ultimately where the balance, homeostasis, of the body takes place. Examples
of this could be digesting food, reflex actions, cardio-respiratory and gland function.

During Exercise the functions of the nervous system are to 
Monitor and increase if appropriate, heart rate and breathing rate
Mobilise energy stores as required
Direct blood to the active tissue
Control blood pressure

The nervous system can be improved with regular motor skill training during exercise.

The following adaptations occur to the motor units and nervous system with regular exercise:

Strengthening/growing new connections within the nervous system
Speeding up the frequency of nerve impulses to motor units
Improved synchronous recruitment of motor units resulting in stronger muscle contractions.
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Muscles

Nerve cells or more specifically neurons transmit all the messages through the nervous
system.  Neurons are similar to a wiring system inside of the body.  They are the functional
units of the nervous system. Each neuron is made up of a main cell body, dendrites and one
axon. The cell body is responsible for directing information, while the dendrites are
responsible for transmitting impulses towards the cell body. The axon is responsible for
transmitting impulses away from the cell body.

Copyright: <a href='http://www.123rf.com/profile_designua'>designua / 123RF Stock Photo</a>
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Muscles

The two main types of neurons are:
Sensory neurons which transmit the impulse messages from the sensory organs to the brain
Motor Neurons which transmit the impulse messages from the brain to the muscles and
glands.

Motor Neurons, Motor units and muscle contraction
Muscle fibres are connected by motor neurons (nerves) to the central nervous system.  A
motor neuron is responsible for a number of muscle fibres, this group of fibres would be
known as a Motor Unit.  These motor units work together to contract a muscle.

The number of muscle fibres in a motor unit varies depending on the size of the muscle for
example the thigh muscle can have thousands muscle fibres stimulated by one motor neuron,
while in your finger there are only a few.

When a nerve impulse is sent down a neuron, all the muscle fibres within that motor unit will
be innervated. Fleck et al (1997) referred to this as the ‘all or nothing law’, which states that
either all the muscle fibres within a motor unit are activated, or none of them are.

The all or nothing law applies on a motor unit level, and not all muscle fibres will be activated
at the same time when a muscle is being contracted.  A motor unit is usually made up of just
one of the muscle types, so either a type I, Type IIa or Type IIb.

A full muscle, is made up of numerous motor units and a mixture of muscle fibre types.  When
muscles are recruited, then the speed and co-ordination as well as the amount of fibres
contracted will come together to determine the power output of the muscle.  Initially, a
beginner will gain strength through the co-ordination of these contractions rather than an
increase in power output from the muscle itself.

Reference:
McArdle WD, Katch FL and Katch VL (1996). Exercise Physiology, Energy, Nutrition and
Human Performance. Lipponcott Williams & Wilkins.USA
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Muscles

Now you understand how muscles contract at a fibre level, and that they contract in groups,
the next stage is to be able to describe these contractions as movement either occurs or does
not occur at the joint. The three basic types of muscle are called contraction, concentric,
eccentric and isometric.
Concentric and Eccentric motions cause movement at the joints which are called Isotonic. 
Isometric is a contraction where no movement occurs at the joint.  These can all be
happening at the same time, but in different muscle groups during a motion.
Isometric - When the contraction is great enough to prevent movement at the joint, but not
enough to create movement at the joint. Great for stabilising and providing resistance against
an external force.
Concentric - When the contraction causes the two bones that make up a joint, to come
together as the muscle shortens.  Great for picking a weight up.
Eccentric - When the contraction is used to slow down the lengthening of a muscle.  Great
for controlling a weight on the way down.
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Muscles

Delayed Onset Muscle Soreness (DOMS)
Occurs some 24 to 48 hours after intense exercise where the eccentric contractions seem to
cause the most reaction, DOMS causes increases in intracellular pressure.  Intracellular
pressure then causes irritation to the nerve endings which results in swelling and local pain. It
is important that DOMS is only a temporary feeling, continuously feeling DOMS can be a sign
of overtraining, which can lead to injury or illness.

Muscle Tone
Muscle tone refers to a state in which muscles over many of the motor units are contracting
out of phase continually. Contraction like this helps to maintain an overall level of tension. It is
this level of tension which helps gives the body its shape or posture.

Brooks, G.A, Fahey, T.D. & White, T.P. 1996. Exercise Physiology: Human Bioenergetics and Its Applications. (2nd ed.).Mountain
View,California: Mayfield Publishing Co.
Max-Planck-Institute for Medical Research, 2006. Website visited 21/01/2007.
http://www.mpimf-heidelberg.mpg.de//mpg/websiteMedizinische_forschung/english/departments/biophysics/musclesShorten/index.html
National Skeletal Muscle Research Centre. 2000, Muscle PhysiologyUniversity ofCalifornia Regents. Website visited 21/01.2007.
http://muscle.ucsd.edu/musintro/jump.shtml
The McGraw-Hill Companies, Inc.  2005. Muscular system.” McGraw-Hill Encyclopaedia of Science and Technology.Answers.com.  Website
visited on 27 Nov. 2006. http://www.answers.com/topic/muscular-system
Costill, David L and Wilmore, Jack H. 2004. Physiology of Sport and Exercise.Champaign,Illinois: Human Kinetics.
Larsson, L, Edstrom L, Lindegren B, Gorza L, Schiaffino S. 1991. “MHC composition and enzyme-histochemical and physiological properties
of a novel fast-twitch motor unit type“. The American Journal of Physiology 261 (1 pt 1): C93–101.
Earle RW, Baeche TR, Harris JC, Hoffman SJ. 2000. Essentials of Strength Training and Conditioning. Human Kinetics. Champaigne
Fleck, S. J. and Kraemer, W. J. (1997). Designing Resistance Training Programmes.
2nd Edition, Human Kinetics.
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Cardiorespiratory System

For a muscle to contract, then energy (called ATP) is required to power them.  As you know
the energy comes from the energy systems.  These energy systems, specifically the
cardiovascular energy system, need the constant exchange of gasses.  This is done via the 
cardiovascular system.  The Cardiovascular System includes the heart, lungs and all blood
vessels.  

Heart - responsible for pumping blood throughout the body under high pressure through
special vessels known as arteries. Then the body extracts the oxygen, uses it and releases
carbon dioxide. The carbon dioxide finally diffuses back into the blood.  The heart provides
the body with a continuous flow of blood; it is found in the centre of the chest cavity, with two
thirds of it lying to the left of the midline of the body. The heart is a muscular pump that
provides the force necessary to circulate the blood to all the tissues in the body. An adult
heart will pump around 5 litres of blood per minute.

Lungs - where the gas exchange happens, blood becomes oxygenated and gives up carbon
dioxide.

Blood Vessels - these include the Arteries which deliver oxygenated blood to the muscles and
organs, Veins which return de-oxygenated blood to the lungs and capilleries where the
transfer of gas and other nurtients happen.
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Cardiorespiratory System

The Heart and the circulation of blood 

The first pump on the right side of the heart, receives deoxygenated blood from the body; it
then pumps the blood to the lungs to replenish it with oxygen. This is called the pulmonary
circulation.

The second pump on the left side of the heart, receives the oxygenated blood from the lungs
and pumps the blood out of the aorta for distribution around the body. This is called the
systemic circulation.                          

Copyright: <a href='http://www.123rf.com/profile_eveleen'>eveleen / 123RF Stock Photo</a>
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Cardiorespiratory System
Components and structure of the heart
Superior and Inferior Vena Cava.
This is where deoxygenated blood comes
back into the right atrium from around the
body.
Right Atrium 
This is the first chamber to receive the de-
oxygenated blood from the body.  From
here the blood is pushed into the right
ventricle.
Right Ventricle 
This chamber pumps the deoxygenated
blood through the pulmonary artery to the
lungs.
Pulmonary artery   
The only artery in the body that carries de-oxygenated blood, this artery leaves the right side
of the heart and carries the blood to the lungs.
Pulmonary vein 
The only vein that carries oxygenated blood, this is where oxygenated blood is returned to the
heart from the lungs
Left Atrium
The chamber that receives oxygenated blood and pumps it into the left ventricle
Left Ventricle.
Major pumping chamber of the heart, that pumps oxygenated blood around the body.
Aorta 
Major artery leaving the left ventricle supplying all other arteries carrying oxygenated blood.
Valves.  
Four major one-way valves: Two at the base of the major arteries leaving the heart (aortic
valve and pulmonary valve) which ensure that blood does not pour back into the heart,
(backflow) and two in between the connected chambers of the heart (tricuspid right and
bicuspid/mitral valve left) to ensure blood does not pass between chambers under systole
(when the heart contracts).
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Cardiorespiratory System

The diagram on the next page shows the two main systems that make up this Vascular
System

Systemic system
The systemic system is the route of oxygen-rich blood and its distribution to the body tissues.
When the left ventricle contracts forcefully, oxygen-rich blood leaves the heart via the aorta. It
then branches into many smaller arteries which run throughout the body to the extremities.
The oxygen-rich blood passes from the smallest of the arteries (arterioles) and enters
capillaries.  Capillaries are very small blood vessels that deliver oxygen and nutrients as well
as collect carbon dioxide and waste products from the tissue.  These waste products are then
transported back to the heart via a network of veins.
(Heart – Body – Heart).

Pulmonary system
The pulmonary system comprises the lungs and the blood vessels and is the system that re-
oxygenates blood in the lungs and then delivers it to the heart. Pulmonary arteries deliver de-
oxygenated blood from the heart to the lungs. Oxygen is then infused into the blood and
carbon dioxide leaves the blood and is exhaled by the lungs. The newly oxygen enriched
blood then travels back to the heart through the two pulmonary veins, where it joins the
systemic system.
(Lungs – Heart – Lungs).
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Copyright: <a href='http://www.123rf.com/profile_eveleen'>eveleen / 123RF Stock Photo</a>
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The types of blood vessels

Blood vessels provide the means through which blood is transported.  Each blood vessel
varies in construction and shape depending upon their function.  All blood vessels link to form
a continuous loop.

There are five types of vessels

Arteries
Evolved to carry blood away from the heart, they have the highest blood pressure to contend
with.  This means they have thick walls with elastic fibres and smooth muscle in higher
proportion to that found in veins and capillaries. 
Arterioles
Like a narrowing of lanes from a Motorway to a normal highway, arterioles are the smaller
vessels that subdivide from the arteries.  Arterioles function to regulate the blood flow in to the
capillary beds.
Capillaries
SIngle cell layers, with few elastic and muscle fibres, that have evolved to be thin enough to
allow the transfer of gasses and nutrients from the body's tissues to and from the blood. A
positive training effect is an increase in capillaries to cope with the increase in stress.
Venules
Once the capillaries have passed through the tissue they start joining up to form Venules
which then flow into veins.
Veins
Veins gather together the deoxygenated blood. Pressure in the veins is low in comparison to
the arteries, and so they have non-return valves to prevent the reverse flow of blood or the
pooling of blood. These non-return valves rely on the contraction of muscles around them to
pump the blood back up or down to the heart.
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Blood cells are transported in a water-based transport medium called plasma.  Blood plasma
carries not only white and red blood cells but nutrients such as sugars and fats to the various
tissues. Blood also carries away waste products from the tissues to the organs responsible for
dealing with waste. 

Function of blood
Supplies oxygen to the tissue (bound to the haemoglobin carried in red blood cells)
Supplies nutrients to cells (glucose, amino acids and fatty acids)
Removes waste products e.g. carbon dioxide, urea and lactic acid
White blood cells (which circulate in blood)  play an immunological function
Regulates the body’s pH and temperature
Wound healing and repair mechanism (coagulating to stop bleeding)
Transporting hormones and signalling to the CNS damage present in tissues

The composition of Blood
Men have around 6 litres of blood, while females have approx 5 litres of blood, which is made
up of 55% plasma (water and plasma proteins) and 45% blood cells and platelets.
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Blood pressure (BP)

This is the pressure the blood exerts at a right angle to the walls of the blood vessels during
the contraction phase of the ventricles.  Blood pressure is highest nearer the heart, and at its
highest leaving the left ventricle via the aorta.  This pressure enables the blood to circulate
around all parts of the body and move upward against gravity.
It is expressed as two figures systolic (contraction) and diastolic (relaxation).  It is normally
written down as followed.
Blood Pressure = systole/diastole
A normal blood pressure is 120/80mmHg (millimetres of mercury).
BP Classification Systolic Diastolic
Normal <120 <80
Pre Hypertension 120 – 139 80 – 89
Stage 1 Hypertension <140 <90
Stage 2 Hypertension >140 >100
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Respiratory system overview

The respiratory system allows the oxygen in the air to be extracted and passed into our blood,
to be transported to the cells and to expel carbon dioxide into the external environment. The
air we breathe contains 78% nitrogen, 21% oxygen and traces of other gases.

Why do we breathe?
Every cell in the body needs oxygen to obtain energy. Oxygen in the air is brought into the
lungs where blood picks it up and transports it to the cells.  At this point, the cell’s
mitochondria (energy substations) combine the oxygen with fuel from our food to form energy.
Carbon dioxide (approximately 4-5%) is the waste produced by this process, which is then
transported back to the lungs for exhalation. During exercise, cells work harder, need more
oxygen and produce more carbon dioxide. That’s why breathing increases during exercise.

During exercise the heart beats more quickly so that the blood can carry oxygen to the cells
faster, and also remove carbon dioxide and lactic acid (waste product) more swiftly.
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The key components of the respiratory system are observed in the figure below and can be
divided into three sections. In this unit we will be looking into each one in more detail as
outlined below.

the upper respiratory tract
the lower respiratory tract
the lungs

1. The Upper Respiratory Tract
This starts with the nostril of the nose which opens into the pharynx (nasopharynx). The main
function of this area is to filter, warm and moisten air, and to also provide resonance in
speech.
The pipe then goes behind the mouth and into the larynx (voicebox) passing the epiglottis and
into the trachea, which is otherwise known as the windpipe.
2. The Lower Respiratory Tract
This starts at the trachea which leads down into the chest, where it divides into a left and right
primary bronchus connecting the trachea to the lungs. In the lungs the bronchus further
divides into smaller bronchi, then into bronchioles which terminate in clusters of alveoli, often
called air sacs. This is the place that ‘Gaseous exchange’ takes place. (Tortora and
Grabowski, 1996).
3. The Lungs
The lungs house the bronchial tree and their major function is gaseous exchange. The lungs
oxygenate the blood and remove the carbon dioxide at the alveoli at the end of the bronchial
tree. Vast majority of lung volume (90%) is composed of alveoli and capillaries which are vital
in the gas exchange.
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A more detailed version of the respiratory system 
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How does gaseous exchange occur?

At the end of the terminal bronchioles there are about 300 million very important small sac-like
structures called the Alveoli. These structures are responsible for enriching the blood supply
with oxygen, and removing the carbon dioxide (i.e. exchange of gases).
Blood vessels surround the alveoli so that the oxygen and carbon dioxide can diffuse through
the walls and into the blood capillaries. Here it is bound with haemoglobin (the protein
responsible for transporting oxygen in the blood) to be transported back to the heart.  It is then
pumped to the body’s tissues.  At the same time oxygen is being added, the carbon dioxide
diffuses from the capillaries into the alveoli sac and is then expelled during exhalation. This
diffusion is possible due to the special properties of the surface of the alveoli and the
capillaries.
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How do we breathe?

Air enters the lungs due to the respiratory muscles contracting. These muscles are the
diaphragm and the intercostal muscles of the rib cage. When these muscles contract they
increase the size of the chest cavity due to the rising of the ribs and the dropping of the
diaphragm. This causes the pressure in the lungs to become less than the air outside, and as
a result the air enters the lungs due this pressure gradient. This is known as inspiration.
When the muscles relax, the ribs drop down again and the diaphragm returns to its original
position. This causes a reduction in the volume of the chest cavity and an increase in the
pressure in the lungs, which results in the air rushing out (McAdle, Katch and Katch, 1996).
This is known as Expiration.
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Where does energy come from and how to we store it?

We are designed to get our energy from the natural environment via the food that we eat.
Everything that you eat or drink has to be digested to extract the energy from it. Our body can
extract energy from three main food components known as macronutrients. They are:

Carbohydrates
Fats
Proteins

The process that our body uses to extracts this energy from food (macronutrients) is
digestion.  The body has to break down the food we eat into chemicals that our bodies utilise
to live. The calorific values of the 3 main macronutrients vary, with fat being the most calorie-
dense at 9 kcals (calories) per gram, while protein and carbohydrate have 4 kcals per gram,
and alcohol has 7kcals/gram:
Carbohydrates: 4 kcal / g. Carbohydrates should form 60% of your daily calories. The main
role of carbohydrates is for energy production.
Fats:   9 kcal / g. Fats should form around 30% of your daily calories. The main role of fats is
for providing energy, insulation and protection and energy production.

Protein: 4 kcal / g. Protein should form 10-15% of your daily calories. The main role of
proteins is growth and repair.

What are the different energy systems?
In order to look at the different energy systems the body has, it is necessary to understand the
fundamental concept of energy production. Once we have established this we can then look
at the different systems our body has in place to do this.
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The ATP-ADP Cycle

The body’s energy is generated by using nutrients obtained from food. This energy is used to
produce ATP (Adenosine Tri-phosphate, see diagram below for the structure), which is used
as a universal cellular energy ‘currency.’ This process happens in the energy production units
in the body known as the mitochondria, which are found in our cells.

The diagram shows how Adenosine Tri-phosphate (ATP) is formed and reformed. When
energy is required, one of the phosphate molecules is broken off the ATP to form Adenosine
Di-phosphate (ADP). When this happens, there is a release of energy which the cell can use
(see the diagram on page 65, which shows how ATP releases usable energy).  Then the ADP
is usually immediately recycled in the mitochondria where it is recharged and comes out again
as ATP. This bond is renewed by the addition of food fuel, ready for the next time energy is
required by that cell.  This all happens at breathtaking speed – millions of times per second.

(Copyright: <a href='http://www.123rf.com/profile_meletver'>meletver / 123RF Stock Photo</a>)
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Muscle cells contain only a very small amount of ATP, enough for maximum capacity only for
about one second.  For energy supply to be maintained the ATP must be regenerated from
one of the three energy systems shown below, each of which has a very different biochemical
pathway and rates at which it produces ATP. The three main energy systems are used for
different types of physical activity.  

These three systems are called:
The Creatine Phosphate System
The Anaerobic or Lactic Acid System
The Aerobic System

The first two systems are anaerobic systems, meaning they do not require oxygen to produce
ATP. The third system is the aerobic system, which does require oxygen.

1. The Creatine Phosphate System (immediate energy system)
This system does not require oxygen (therefore is anaerobic). It uses ATP and
phosphocreatine (PC) that is stored within the muscle cells. Creatine phosphate is like ATP; it
can produce energy rapidly but will only last for a very short period of time because of limited
creatine phosphate stores.  It is used to generate energy for maximal bursts of strength and
speed. Therefore is ideal for activities that are high in intensity (95-100% max effort) that last
a short period of time (6-10 seconds). For example, during a 20-metre sprint, a near maximal
lift in the gym or a single jump. The recovery time for this system is quick (between 30
seconds—5 minutes). The predominant muscle fibre type used is Type IIb (white, fast twitch).



Level 2 GI - Module 4

Energy Systems

2. Lactic Acid (anaerobic) System
This system will provide a lot of energy in one of two instances:
When near maximal exercises lasts longer than the creatine phosphate system can provide
If the intensity during aerobic activity becomes greater than the aerobic system can provide
for
This system is anaerobic (it produces energy in the absence of oxygen) and uses
carbohydrate in the form of muscle glycogen as fuel.  Glycogen is broken down to glucose,
which rapidly breaks down in the absence of oxygen to form ATP and lactic acid. The body’s
glycogen stores dwindle quickly, proving that the benefits of a fast delivery service come at a
price. It supplies high intensity activities (60-95% max effort) for approximately 1-3 minutes.
The recovery time is between 20 minutes and 2 hours depending on the amount of lactic acid
produced. The main muscle fibre recruited for this energy system is also type IIa.
The conversion of glucose to lactic acid is occurring constantly in the body, but only becomes
a problem when the lactic acid starts to accumulate.  If the lactic acid exceeds the muscles’
and cardiovascular system’s ability to disperse it, there will be a build up, or accumulation, of
lactic acid.  This build up of lactic acid causes the muscle to fatigue and performance has to
decrease or the activity has to come to a stop. This is known as the Onset of Blood Lactate
Accumulation (OBLA). This is associated with laboured breathing, heavy limbs and pain, and
usually causes an individual to stop.
What is lactic acid?
Lactic acid is a is toxic and will lower the Ph of the muscle ultimately causing it to fail.
After a while it will make the muscle ache and eventually it will cause cramp, and the muscles
will stop working.
The athlete has to rest while blood brings fresh supplies of oxygen to the muscles to repay the
oxygen debt and shuttle away the lactic acid
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Oxygen Debt
Anaerobic respiration requires energy production with a shortage of oxygen.  The biproduct is
lactic acid. Lactic acid builds up due to the shortage of oxygen. This is known as an oxygen
debt, which needs to be paid back once exercising has finished.
The lactic acid build-up will soon make your muscles feel tired and painful, so exercising
anaerobically can only be carried out for short periods of time.
Oxygen debt is why you continue to breathe heavily for several minutes after you have run up
multiple flights of steps.

3. Aerobic System
The aerobic system can generate ATP from the breakdown of glycogen (1 part glucose 3
parts water) and fats in the presence of oxygen.  The aerobic system does not produce as
rapid and large a force as the anaerobic system, however, it is resilient to fatigue. The
predominant muscle fibre used in aerobic activity is Type I (red, slow twitch).  The waste
products from the energy system are carbon dioxide, heat and water from the breakdown of
fats and carbohydrates. Carbohydrate is the preferred energy source because it will release
energy a lot faster than fat. See the diagram for the breakdown.

The link between muscle fibre types and energy production
The body has several different muscle fibre types, which can be broadly classified into fast
twitch (power) and slow twitch (endurance).  Both muscle fibre types use all three energy
systems to produce ATP, but the fast twitch fibres use mainly the creatine phosphate and
anaerobic glycolytic systems, while the slow twitch fibres use mainly the aerobic system.
 Genetics determine the ratios of the different muscle fibre types, these ratios then can effect
your potential as a power or endurance athlete.
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A Summary of Energy Systems
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During aerobic exercise the use of carbohydrate relative to fat varies according to a number of
factors.  The most important are:                                                  
the intensity of exercise
the duration of exercise
your fitness level
The intensity
There is a relationship between the energy system used and the intensity of activities. At high
intensities, the anaerobic systems are used. At low intensities, the aerobic system is used.
There is also a relationship between exercise intensity and the fuel choice. As exercise
intensity increases, more glycogen is used than fats. This is because glycogen can produce
energy quicker than fat, but the down side is that it does not produce as much energy as fats.
The duration
During short and intense durations, creatine phosphate system is used while during the longer
duration of exercise, the greater energy is produced by the aerobic system.

On average, you have enough muscle glycogen for 90 – 180 minutes of endurance
exercise.  During interval training, glycogen stores will become depleted after 45 – 90
minutes.  During mainly anaerobic activities muscle glycogen will be depleted within 30 – 45
minutes. Once muscle glycogen stores are depleted, protein makes an increasing
contribution to energy needs.  Muscle proteins break down to provide amino acids for
energy production and to maintain normal blood glucose levels.
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Changes in Muscles as you get Fitter
Improvements in Fitness cause the muscles to adapt and become better at utilizing fat as an
energy.
Aerobic training increases the numbers of key fat-oxidising enzymes, which means your body
becomes more efficient at breaking down fats into fatty acids for use as a fuel and the number
of blood capillaries increases for increased supply of oxygen and fatty acid supplies.  
The number of mitochondria also increases, meaning that you have more capacity to burn the
fatty acids.
Using fat as  fuel source extends the time until you have a break down of glycogen stores.
The depletion of glycogen that leads to fatigue so utilising fat efficiently is fundamental to
endurance fitness.

Energy use when starting a fairly intense movement such as workout, requires the body to go
through the different energy systems -
Initial seconds - 3 minutes - Anaerobic Energy system for quick release of power
(This initial stage, depending on time, can cause a lactic acid build up and then an oxygen
debt)
Second Phase - following 5-15 minutes - Aerobic energy starts to be utilised, especially if the
power output is low enough to be sustained by this energy system.  For these 5-15 minutes
mainly glycogen is being utilised to produce energy
15 minutes plus - At this point the aerobic energy system is still in use, but fatty acids are now
being used more than glycogen to power the system.
If you step up the intensity, dont allow enough warm-up or require more energy than the
aerobic system can provide, then the other two systems will kick in, eventually resulting in a
lactic acid build up that is greater than the circulatory system can remove.  At this point it is
only a matter of time before the power output has to drop due to a build up of lactic acid.
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The main energy systems used during different types of exercise
From Anita Bean – The complete guide to sports nutrition
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Table below: Percentage contribution from each energy system for different sports
(table adapted from Fox et al, The Physiological Basis for Exercise and sports, 1993)
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Session 1 – Anatomical References and Terminology
When describing human movement, we use anatomical language which is agreed upon by
specialists in the field to describe a particular movement. This language aims to identify and
describe the body’s regions, positions, movement planes, joint positions and movements.
Before looking at human movement in more detail, an understanding of this terminology and
language is needed.
Body Planes
Human movement can be dissected into three planes (shown in the diagram below). It must
be remembered that most human movement does not occur in just one plane and many
movements are more complex, occurring usually in two or more planes.
All human movements are classified by the direction of movement from a position that is
known as “the anatomical position” (standing erect, head facing forward, arms at side and
palms facing forward).
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The Sagittal Plane:
This plane divides the body into left and right. Movements that occur in the sagittal plane are
flexion, extension and hyper-extension:

The Frontal Plane:
This plane dissects the body in half through the ears and divides our body into front and back.
The movements that occur along this plane are adduction and abduction, e.g. when we move
our arm away from the midline (abduction) and bringing back to the body (adduction).

The Transverse Plane:
The third plane separates the body into two horizontal to the ground through a certain part of
the body. Rotational movement occurs within this plane, e.g. trunk rotations or head rotations
The main movement of the body

It is important to understand the effect that muscles have on joints, and this requires an
understanding of joint movement terminology. Movement must refer to the joint to which it
relates and describe the anatomical position, e.g. elbow flexion, knee extension or hip
abduction.



Level 2 GI - Module 5

Anatomical References and Terminology
Sagittal Plane Movements
When identifying movements in the sagittal plane, pretend to place two panes of glass on
each side of your ears or imagine you are in a tight corridor with your shoulders against each
wall; the movements that you can perform are movements that are in the sagittal planes, e.g.
swinging your arms and legs, bending forward and backwards. These movements are known
as flexion and extension

Flexion—this occurs when there is a decrease in the angle between two parts, e.g. bending
the elbow or knee. Flexion of the hip or shoulder moves the limb forward (towards the anterior
side of the body).
Extension—The opposite of flexion; this is the increase in the joint angle or a straightening
movement, e.g. when standing, the knees are extended. Extension of the hip or shoulder
moves the limb backward (towards the posterior side of the body).

Frontal Plane Movements:
Now place the panes of glass in front of your nose and behind your back. Any movement you
can perform between these panes of glass are known as frontal movements, e.g. lifting your
arms to the side and down and bending your body laterally.
Adduction—this occurs when the body part moves away from the midline of the body. Raising
the arms laterally to the sides or moving the leg out to the side is an example of abduction.
Adduction— isthe exact opposite and occurs when the body part moves back towards the
midline of the body, e.g. dropping the arms to the sides or bringing the knees together.
A good way of remembering which is which is to think that if you get abducted you get taken
away!
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Transverse (Horizontal) Plane Movements:
Finally place the planes of glass through a joint and the movements that you can perform by
pivoting are movement in the transverse plane. Typical movements are rotational movements,
e.g. rotation of head shaking head from side to side.
Internal rotation—(or medial rotation) of the shoulder or hip would point the toes inwards
(towards the midline).
External rotation (or lateral rotation) is the opposite. It would turn the toes or the flexed
forearm outwards (away from the midline).

Examples of the Sagittal
Plane at the Hip

Examples of the Frontal 
Plane at the Hip

Examples of the 
Transverse Plane at
the Hip
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Specialised movements of the body
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Joint Motions
The amount of movement that is allowed at a specific joint is determined by its structure. The
joint movement is described according to the type of movement (flexion, extension, adduction
or abduction) and the plane of movement (sagittal, transverse or frontal). The section below
takes all the movements from the anatomical position, which is standing upright, feet and
palms facing forward.

The Shoulder is made up of two parts -

The shoulder girdle has the specific movements not found in the rest of the body:
Made up of the clavicle, the scapula and the sternum. 

The Shoulder Joint is capable of - 
Flexion, Extension, Abduction, Adduction, Internal and External Rotation.
Additionally as mentioned earlier - 
Horizontal Flexion and Horizontal Extension
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Flexion and Extension
The hinge-like bending (flexion) and straightening of the elbow (extension) happens at the
joint between the humerus and the ulna, which is a hinge joint.
Pronation: Palm of hand facing downward with elbow flexed. The movement of turning the
forearm over happens at the articulation between the radius and the ulna; it is a pivot joint.
Supernation: Palm of hand facing upward
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The Hips are similar to the shoulder, as in they allow for -
Flexion, Extension, Adduction, Abduction, Internal and External Rotation

The Knee is a hinge joint capable of -
Flexion and Extension

Finally we have the Ankle which has specialist names for its movements also - 
Plantarflexion - Shown in the first diagram
Dorsiflexion - Shown in the second diagram
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Trapezius
Häggström, Mikael. "Medical gallery of Mikael Häggström 2014". Wikiversity Journal of
Medicine 1 (2). DOI:10.15347/wjm/2014.008. ISSN 20018762.
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Rhomboids
Häggström, Mikael. "Medical gallery of Mikael Häggström 2014". Wikiversity Journal of
Medicine 1 (2). DOI:10.15347/wjm/2014.008. ISSN 20018762.
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Deltoids
"BodyParts3D, © The Database Center for Life Science licensed under CC Attribution-Share
Alike 2.1 Japan."(Google translate)
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Latissimus Dorsi
Häggström, Mikael. "Medical gallery of Mikael Häggström 2014". Wikiversity Journal of
Medicine 1 (2). DOI:10.15347/wjm/2014.008. ISSN 20018762.
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Pectoralis Major
Häggström, Mikael. "Medical gallery of Mikael Häggström 2014". Wikiversity Journal of
Medicine 1 (2). DOI:10.15347/wjm/2014.008. ISSN 20018762.
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Biceps and Triceps
"BodyParts3D, © The Database Center for Life Science licensed under CC Attribution-Share
Alike 2.1 Japan."(Google translate)
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Rectus Abdominals
by sv:Användare:Chrizz, 28 maj 2005
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External Oblique and Internal Oblique
http://training.seer.cancer.gov/module_anatomy/images/illu_trunk_muscles.jpg
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Transverse Abdominus
Häggström, Mikael. "Medical gallery of Mikael Häggström 2014". Wikiversity Journal of
Medicine 1 (2). DOI:10.15347/wjm/2014.008. ISSN 20018762.

Transverse Abdominus
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Erector Spinae
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Iliopsoas (iliacus and psoas)
https://upload.wikimedia.org/wikipedia/commons/e/e2/Anterior_Hip_Muscles_2.PNG
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Adductors
https://upload.wikimedia.org/wikipedia/commons/e/e2/Anterior_Hip_Muscles_2.PNG
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Gluteus Maximus
https://upload.wikimedia.org/wikipedia/commons/7/70/Posterior_Hip_Muscles_3.PNG
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Gluteus Medius
https://upload.wikimedia.org/wikipedia/commons/7/70/Posterior_Hip_Muscles_3.PNG

Gluteus Medius
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Quadriceps
Häggström, Mikael. "Medical gallery of Mikael Häggström 2014". Wikiversity Journal of
Medicine 1 (2). DOI:10.15347/wjm/2014.008. ISSN 20018762.
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Hamstrings
Häggström, Mikael. "Medical gallery of Mikael Häggström 2014". Wikiversity Journal of
Medicine 1 (2). DOI:10.15347/wjm/2014.008. ISSN 20018762.
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Gastrocnemius
Sobotta's Atlas and Text-book of Human Anatomy 1909
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Soleus
Sobotta's Atlas and Text-book of Human Anatomy 1909
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Anterior Tibialis
https://upload.wikimedia.org/wikipedia/commons/d/d4/Tibialis.png
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Pelvic Floor - Coccygeus    Lavator ani
Henry Gray (1918) Anatomy of the Human Body
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Analysing movement

When a movement takes place, it is really the expression of a skill.  A skill is can be broken
down in to components of muscles firing in certain ways to achieve a task.  These are the
names we give to the ways a muscle may be used.

Prime mover/agonist: These are the muscle or muscles that are responsible for movement by
contracting. When more than one muscle crosses the joint, it is generally the larger muscle
that will be the prime mover, e.g. both the hamstrings and the gluteus maximus cross the hip
joint,  but during hip extension, the gluteus maximus (the larger muscle) is considered the
prime mover.

Antagonist: This muscle opposes the action of prime movers. They are generally found on the
opposite side of the joint and relax and stretch, while the prime mover contracts, e.g. the
hamstrings relax in knee extension when the quadriceps contract.

Synergist (assisting muscle): These muscles work with or assist the prime mover to produce a
given movement (and cross the same joint as the prime mover), but are smaller in size. They
may cause movement at a secondary joint that is also involved in the exercise, e.g. in a
shoulder press, the synergist is the triceps. The deltoids control the main movement at the
shoulder and the triceps control the movement at the elbow.

Fixators (stabilizers): These muscles hold the body, or part of the body, rigid while other parts
of the body are moving, e.g. in squats, the torso (core) muscles stabilise the body while the
leg muscles raise and lower the body.

Knowing the above roles is important when planning the order of an exercise session or when
designing split programmes.
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The importance of muscle balance in joint alignment and posture
It has been proposed by the rehabilitation world that a symetrical and central alignment of
joints, through a balance in muscle tension, reduces the chance of injury and pain.

To assess how a movement is recruiting muscles the key is to look at motions. 

Agonists - Look for the muscle shortening or lengthening against a resistance (the Bicep in a
bicep curl or the Pectoralis Major in a bench Press)
Antagonists - Look for the muscle that if contracted (shortened) would make the load move
even quicker in its own direction (the tricep in a bicep curl or the Rhomboids in a bench press)
Synergists - Tend to be active in multi-joint motions and act to support the movement and
power produced by the agonist.  Look for a smaller muscle that works one of the joints
assisting in a motion (the tricep in a bench press)
Fixators - To find these then look for non-supported parts of the body that need to be still in
order to allow motion to occur.  Usually the Fixators are muscles around the spine or the
shoulders.
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For a muscle to contract, then energy (called ATP) is required to power them.  As you know
the energy comes from the energy systems.  These energy systems, specifically the
cardiovascular energy system, need the constant exchange of gasses.  This is done via the 
cardiovascular system.  The Cardiovascular System includes the heart, lungs and all blood
vessels.  

Heart - responsible for pumping blood throughout the body under high pressure through
special vessels known as arteries. Then the body extracts the oxygen, uses it and releases
carbon dioxide. The carbon dioxide finally diffuses back into the blood.  The heart provides
the body with a continuous flow of blood; it is found in the centre of the chest cavity, with two
thirds of it lying to the left of the midline of the body. The heart is a muscular pump that
provides the force necessary to circulate the blood to all the tissues in the body. An adult
heart will pump around 5 litres of blood per minute.

Lungs - where the gas exchange happens, blood becomes oxygenated and gives up carbon
dioxide.

Blood Vessels - these include the Arteries which deliver oxygenated blood to the muscles and
organs, Veins which return de-oxygenated blood to the lungs and capilleries where the
transfer of gas and other nurtients happen.
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The Heart and the circulation of blood 

The first pump on the right side of the heart, receives deoxygenated blood from the body; it
then pumps the blood to the lungs to replenish it with oxygen. This is called the pulmonary
circulation.

The second pump on the left side of the heart, receives the oxygenated blood from the lungs
and pumps the blood out of the aorta for distribution around the body. This is called the
systemic circulation.                          

Copyright: <a href='http://www.123rf.com/profile_eveleen'>eveleen / 123RF Stock Photo</a>
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Components and structure of the heart
Superior and Inferior Vena Cava.
This is where deoxygenated blood comes
back into the right atrium from around the
body.
Right Atrium 
This is the first chamber to receive the de-
oxygenated blood from the body.  From
here the blood is pushed into the right
ventricle.
Right Ventricle 
This chamber pumps the deoxygenated
blood through the pulmonary artery to the
lungs.
Pulmonary artery   
The only artery in the body that carries de-oxygenated blood, this artery leaves the right side
of the heart and carries the blood to the lungs.
Pulmonary vein 
The only vein that carries oxygenated blood, this is where oxygenated blood is returned to the
heart from the lungs
Left Atrium
The chamber that receives oxygenated blood and pumps it into the left ventricle
Left Ventricle.
Major pumping chamber of the heart, that pumps oxygenated blood around the body.
Aorta 
Major artery leaving the left ventricle supplying all other arteries carrying oxygenated blood.
Valves.  
Four major one-way valves: Two at the base of the major arteries leaving the heart (aortic
valve and pulmonary valve) which ensure that blood does not pour back into the heart,
(backflow) and two in between the connected chambers of the heart (tricuspid right and
bicuspid/mitral valve left) to ensure blood does not pass between chambers under systole
(when the heart contracts).



Level 2 GI - Module 3

Cardiorespiratory System

The diagram on the next page shows the two main systems that make up this Vascular
System

Systemic system
The systemic system is the route of oxygen-rich blood and its distribution to the body tissues.
When the left ventricle contracts forcefully, oxygen-rich blood leaves the heart via the aorta. It
then branches into many smaller arteries which run throughout the body to the extremities.
The oxygen-rich blood passes from the smallest of the arteries (arterioles) and enters
capillaries.  Capillaries are very small blood vessels that deliver oxygen and nutrients as well
as collect carbon dioxide and waste products from the tissue.  These waste products are then
transported back to the heart via a network of veins.
(Heart – Body – Heart).

Pulmonary system
The pulmonary system comprises the lungs and the blood vessels and is the system that re-
oxygenates blood in the lungs and then delivers it to the heart. Pulmonary arteries deliver de-
oxygenated blood from the heart to the lungs. Oxygen is then infused into the blood and
carbon dioxide leaves the blood and is exhaled by the lungs. The newly oxygen enriched
blood then travels back to the heart through the two pulmonary veins, where it joins the
systemic system.
(Lungs – Heart – Lungs).
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The types of blood vessels

Blood vessels provide the means through which blood is transported.  Each blood vessel
varies in construction and shape depending upon their function.  All blood vessels link to form
a continuous loop.

There are five types of vessels

Arteries
Evolved to carry blood away from the heart, they have the highest blood pressure to contend
with.  This means they have thick walls with elastic fibres and smooth muscle in higher
proportion to that found in veins and capillaries. 
Arterioles
Like a narrowing of lanes from a Motorway to a normal highway, arterioles are the smaller
vessels that subdivide from the arteries.  Arterioles function to regulate the blood flow in to the
capillary beds.
Capillaries
SIngle cell layers, with few elastic and muscle fibres, that have evolved to be thin enough to
allow the transfer of gasses and nutrients from the body's tissues to and from the blood. A
positive training effect is an increase in capillaries to cope with the increase in stress.
Venules
Once the capillaries have passed through the tissue they start joining up to form Venules
which then flow into veins.
Veins
Veins gather together the deoxygenated blood. Pressure in the veins is low in comparison to
the arteries, and so they have non-return valves to prevent the reverse flow of blood or the
pooling of blood. These non-return valves rely on the contraction of muscles around them to
pump the blood back up or down to the heart.
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Blood cells are transported in a water-based transport medium called plasma.  Blood plasma
carries not only white and red blood cells but nutrients such as sugars and fats to the various
tissues. Blood also carries away waste products from the tissues to the organs responsible for
dealing with waste. 

Function of blood
Supplies oxygen to the tissue (bound to the haemoglobin carried in red blood cells)
Supplies nutrients to cells (glucose, amino acids and fatty acids)
Removes waste products e.g. carbon dioxide, urea and lactic acid
White blood cells (which circulate in blood)  play an immunological function
Regulates the body’s pH and temperature
Wound healing and repair mechanism (coagulating to stop bleeding)
Transporting hormones and signalling to the CNS damage present in tissues

The composition of Blood
Men have around 6 litres of blood, while females have approx 5 litres of blood, which is made
up of 55% plasma (water and plasma proteins) and 45% blood cells and platelets.
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Blood pressure (BP)

This is the pressure the blood exerts at a right angle to the walls of the blood vessels during
the contraction phase of the ventricles.  Blood pressure is highest nearer the heart, and at its
highest leaving the left ventricle via the aorta.  This pressure enables the blood to circulate
around all parts of the body and move upward against gravity.
It is expressed as two figures systolic (contraction) and diastolic (relaxation).  It is normally
written down as followed.
Blood Pressure = systole/diastole
A normal blood pressure is 120/80mmHg (millimetres of mercury).
BP Classification Systolic Diastolic
Normal <120 <80
Pre Hypertension 120 – 139 80 – 89
Stage 1 Hypertension <140 <90
Stage 2 Hypertension >140 >100
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Respiratory system overview

The respiratory system allows the oxygen in the air to be extracted and passed into our blood,
to be transported to the cells and to expel carbon dioxide into the external environment. The
air we breathe contains 78% nitrogen, 21% oxygen and traces of other gases.

Why do we breathe?
Every cell in the body needs oxygen to obtain energy. Oxygen in the air is brought into the
lungs where blood picks it up and transports it to the cells.  At this point, the cell’s
mitochondria (energy substations) combine the oxygen with fuel from our food to form energy.
Carbon dioxide (approximately 4-5%) is the waste produced by this process, which is then
transported back to the lungs for exhalation. During exercise, cells work harder, need more
oxygen and produce more carbon dioxide. That’s why breathing increases during exercise.

During exercise the heart beats more quickly so that the blood can carry oxygen to the cells
faster, and also remove carbon dioxide and lactic acid (waste product) more swiftly.
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The key components of the respiratory system are observed in the figure below and can be
divided into three sections. In this unit we will be looking into each one in more detail as
outlined below.

the upper respiratory tract
the lower respiratory tract
the lungs

1. The Upper Respiratory Tract
This starts with the nostril of the nose which opens into the pharynx (nasopharynx). The main
function of this area is to filter, warm and moisten air, and to also provide resonance in
speech.
The pipe then goes behind the mouth and into the larynx (voicebox) passing the epiglottis and
into the trachea, which is otherwise known as the windpipe.
2. The Lower Respiratory Tract
This starts at the trachea which leads down into the chest, where it divides into a left and right
primary bronchus connecting the trachea to the lungs. In the lungs the bronchus further
divides into smaller bronchi, then into bronchioles which terminate in clusters of alveoli, often
called air sacs. This is the place that ‘Gaseous exchange’ takes place. (Tortora and
Grabowski, 1996).
3. The Lungs
The lungs house the bronchial tree and their major function is gaseous exchange. The lungs
oxygenate the blood and remove the carbon dioxide at the alveoli at the end of the bronchial
tree. Vast majority of lung volume (90%) is composed of alveoli and capillaries which are vital
in the gas exchange.
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A more detailed version of the respiratory system 
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How does gaseous exchange occur?

At the end of the terminal bronchioles there are about 300 million very important small sac-like
structures called the Alveoli. These structures are responsible for enriching the blood supply
with oxygen, and removing the carbon dioxide (i.e. exchange of gases).
Blood vessels surround the alveoli so that the oxygen and carbon dioxide can diffuse through
the walls and into the blood capillaries. Here it is bound with haemoglobin (the protein
responsible for transporting oxygen in the blood) to be transported back to the heart.  It is then
pumped to the body’s tissues.  At the same time oxygen is being added, the carbon dioxide
diffuses from the capillaries into the alveoli sac and is then expelled during exhalation. This
diffusion is possible due to the special properties of the surface of the alveoli and the
capillaries.
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How do we breathe?

Air enters the lungs due to the respiratory muscles contracting. These muscles are the
diaphragm and the intercostal muscles of the rib cage. When these muscles contract they
increase the size of the chest cavity due to the rising of the ribs and the dropping of the
diaphragm. This causes the pressure in the lungs to become less than the air outside, and as
a result the air enters the lungs due this pressure gradient. This is known as inspiration.
When the muscles relax, the ribs drop down again and the diaphragm returns to its original
position. This causes a reduction in the volume of the chest cavity and an increase in the
pressure in the lungs, which results in the air rushing out (McAdle, Katch and Katch, 1996).
This is known as Expiration.
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Where does energy come from and how to we store it?

We are designed to get our energy from the natural environment via the food that we eat.
Everything that you eat or drink has to be digested to extract the energy from it. Our body can
extract energy from three main food components known as macronutrients. They are:

Carbohydrates
Fats
Proteins

The process that our body uses to extracts this energy from food (macronutrients) is
digestion.  The body has to break down the food we eat into chemicals that our bodies utilise
to live. The calorific values of the 3 main macronutrients vary, with fat being the most calorie-
dense at 9 kcals (calories) per gram, while protein and carbohydrate have 4 kcals per gram,
and alcohol has 7kcals/gram:
Carbohydrates: 4 kcal / g. Carbohydrates should form 60% of your daily calories. The main
role of carbohydrates is for energy production.
Fats:   9 kcal / g. Fats should form around 30% of your daily calories. The main role of fats is
for providing energy, insulation and protection and energy production.

Protein: 4 kcal / g. Protein should form 10-15% of your daily calories. The main role of
proteins is growth and repair.

What are the different energy systems?
In order to look at the different energy systems the body has, it is necessary to understand the
fundamental concept of energy production. Once we have established this we can then look
at the different systems our body has in place to do this.
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The ATP-ADP Cycle

The body’s energy is generated by using nutrients obtained from food. This energy is used to
produce ATP (Adenosine Tri-phosphate, see diagram below for the structure), which is used
as a universal cellular energy ‘currency.’ This process happens in the energy production units
in the body known as the mitochondria, which are found in our cells.

The diagram shows how Adenosine Tri-phosphate (ATP) is formed and reformed. When
energy is required, one of the phosphate molecules is broken off the ATP to form Adenosine
Di-phosphate (ADP). When this happens, there is a release of energy which the cell can use
(see the diagram on page 65, which shows how ATP releases usable energy).  Then the ADP
is usually immediately recycled in the mitochondria where it is recharged and comes out again
as ATP. This bond is renewed by the addition of food fuel, ready for the next time energy is
required by that cell.  This all happens at breathtaking speed – millions of times per second.

(Copyright: <a href='http://www.123rf.com/profile_meletver'>meletver / 123RF Stock Photo</a>)
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Muscle cells contain only a very small amount of ATP, enough for maximum capacity only for
about one second.  For energy supply to be maintained the ATP must be regenerated from
one of the three energy systems shown below, each of which has a very different biochemical
pathway and rates at which it produces ATP. The three main energy systems are used for
different types of physical activity.  

These three systems are called:
The Creatine Phosphate System
The Anaerobic or Lactic Acid System
The Aerobic System

The first two systems are anaerobic systems, meaning they do not require oxygen to produce
ATP. The third system is the aerobic system, which does require oxygen.

1. The Creatine Phosphate System (immediate energy system)
This system does not require oxygen (therefore is anaerobic). It uses ATP and
phosphocreatine (PC) that is stored within the muscle cells. Creatine phosphate is like ATP; it
can produce energy rapidly but will only last for a very short period of time because of limited
creatine phosphate stores.  It is used to generate energy for maximal bursts of strength and
speed. Therefore is ideal for activities that are high in intensity (95-100% max effort) that last
a short period of time (6-10 seconds). For example, during a 20-metre sprint, a near maximal
lift in the gym or a single jump. The recovery time for this system is quick (between 30
seconds—5 minutes). The predominant muscle fibre type used is Type IIb (white, fast twitch).
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2. Lactic Acid (anaerobic) System
This system will provide a lot of energy in one of two instances:
When near maximal exercises lasts longer than the creatine phosphate system can provide
If the intensity during aerobic activity becomes greater than the aerobic system can provide
for
This system is anaerobic (it produces energy in the absence of oxygen) and uses
carbohydrate in the form of muscle glycogen as fuel.  Glycogen is broken down to glucose,
which rapidly breaks down in the absence of oxygen to form ATP and lactic acid. The body’s
glycogen stores dwindle quickly, proving that the benefits of a fast delivery service come at a
price. It supplies high intensity activities (60-95% max effort) for approximately 1-3 minutes.
The recovery time is between 20 minutes and 2 hours depending on the amount of lactic acid
produced. The main muscle fibre recruited for this energy system is also type IIa.
The conversion of glucose to lactic acid is occurring constantly in the body, but only becomes
a problem when the lactic acid starts to accumulate.  If the lactic acid exceeds the muscles’
and cardiovascular system’s ability to disperse it, there will be a build up, or accumulation, of
lactic acid.  This build up of lactic acid causes the muscle to fatigue and performance has to
decrease or the activity has to come to a stop. This is known as the Onset of Blood Lactate
Accumulation (OBLA). This is associated with laboured breathing, heavy limbs and pain, and
usually causes an individual to stop.
What is lactic acid?
Lactic acid is a is toxic and will lower the Ph of the muscle ultimately causing it to fail.
After a while it will make the muscle ache and eventually it will cause cramp, and the muscles
will stop working.
The athlete has to rest while blood brings fresh supplies of oxygen to the muscles to repay the
oxygen debt and shuttle away the lactic acid
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Oxygen Debt
Anaerobic respiration requires energy production with a shortage of oxygen.  The biproduct is
lactic acid. Lactic acid builds up due to the shortage of oxygen. This is known as an oxygen
debt, which needs to be paid back once exercising has finished.
The lactic acid build-up will soon make your muscles feel tired and painful, so exercising
anaerobically can only be carried out for short periods of time.
Oxygen debt is why you continue to breathe heavily for several minutes after you have run up
multiple flights of steps.

3. Aerobic System
The aerobic system can generate ATP from the breakdown of glycogen (1 part glucose 3
parts water) and fats in the presence of oxygen.  The aerobic system does not produce as
rapid and large a force as the anaerobic system, however, it is resilient to fatigue. The
predominant muscle fibre used in aerobic activity is Type I (red, slow twitch).  The waste
products from the energy system are carbon dioxide, heat and water from the breakdown of
fats and carbohydrates. Carbohydrate is the preferred energy source because it will release
energy a lot faster than fat. See the diagram for the breakdown.

The link between muscle fibre types and energy production
The body has several different muscle fibre types, which can be broadly classified into fast
twitch (power) and slow twitch (endurance).  Both muscle fibre types use all three energy
systems to produce ATP, but the fast twitch fibres use mainly the creatine phosphate and
anaerobic glycolytic systems, while the slow twitch fibres use mainly the aerobic system.
 Genetics determine the ratios of the different muscle fibre types, these ratios then can effect
your potential as a power or endurance athlete.
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A Summary of Energy Systems
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During aerobic exercise the use of carbohydrate relative to fat varies according to a number of
factors.  The most important are:                                                  
the intensity of exercise
the duration of exercise
your fitness level
The intensity
There is a relationship between the energy system used and the intensity of activities. At high
intensities, the anaerobic systems are used. At low intensities, the aerobic system is used.
There is also a relationship between exercise intensity and the fuel choice. As exercise
intensity increases, more glycogen is used than fats. This is because glycogen can produce
energy quicker than fat, but the down side is that it does not produce as much energy as fats.
The duration
During short and intense durations, creatine phosphate system is used while during the longer
duration of exercise, the greater energy is produced by the aerobic system.

On average, you have enough muscle glycogen for 90 – 180 minutes of endurance
exercise.  During interval training, glycogen stores will become depleted after 45 – 90
minutes.  During mainly anaerobic activities muscle glycogen will be depleted within 30 – 45
minutes. Once muscle glycogen stores are depleted, protein makes an increasing
contribution to energy needs.  Muscle proteins break down to provide amino acids for
energy production and to maintain normal blood glucose levels.
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Changes in Muscles as you get Fitter
Improvements in Fitness cause the muscles to adapt and become better at utilizing fat as an
energy.
Aerobic training increases the numbers of key fat-oxidising enzymes, which means your body
becomes more efficient at breaking down fats into fatty acids for use as a fuel and the number
of blood capillaries increases for increased supply of oxygen and fatty acid supplies.  
The number of mitochondria also increases, meaning that you have more capacity to burn the
fatty acids.
Using fat as  fuel source extends the time until you have a break down of glycogen stores.
The depletion of glycogen that leads to fatigue so utilising fat efficiently is fundamental to
endurance fitness.

Energy use when starting a fairly intense movement such as workout, requires the body to go
through the different energy systems -
Initial seconds - 3 minutes - Anaerobic Energy system for quick release of power
(This initial stage, depending on time, can cause a lactic acid build up and then an oxygen
debt)
Second Phase - following 5-15 minutes - Aerobic energy starts to be utilised, especially if the
power output is low enough to be sustained by this energy system.  For these 5-15 minutes
mainly glycogen is being utilised to produce energy
15 minutes plus - At this point the aerobic energy system is still in use, but fatty acids are now
being used more than glycogen to power the system.
If you step up the intensity, dont allow enough warm-up or require more energy than the
aerobic system can provide, then the other two systems will kick in, eventually resulting in a
lactic acid build up that is greater than the circulatory system can remove.  At this point it is
only a matter of time before the power output has to drop due to a build up of lactic acid.
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The main energy systems used during different types of exercise
From Anita Bean – The complete guide to sports nutrition
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Table below: Percentage contribution from each energy system for different sports
(table adapted from Fox et al, The Physiological Basis for Exercise and sports, 1993)
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Session 1 – Anatomical References and Terminology
When describing human movement, we use anatomical language which is agreed upon by
specialists in the field to describe a particular movement. This language aims to identify and
describe the body’s regions, positions, movement planes, joint positions and movements.
Before looking at human movement in more detail, an understanding of this terminology and
language is needed.
Body Planes
Human movement can be dissected into three planes (shown in the diagram below). It must
be remembered that most human movement does not occur in just one plane and many
movements are more complex, occurring usually in two or more planes.
All human movements are classified by the direction of movement from a position that is
known as “the anatomical position” (standing erect, head facing forward, arms at side and
palms facing forward).
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The Sagittal Plane:
This plane divides the body into left and right. Movements that occur in the sagittal plane are
flexion, extension and hyper-extension:

The Frontal Plane:
This plane dissects the body in half through the ears and divides our body into front and back.
The movements that occur along this plane are adduction and abduction, e.g. when we move
our arm away from the midline (abduction) and bringing back to the body (adduction).

The Transverse Plane:
The third plane separates the body into two horizontal to the ground through a certain part of
the body. Rotational movement occurs within this plane, e.g. trunk rotations or head rotations
The main movement of the body

It is important to understand the effect that muscles have on joints, and this requires an
understanding of joint movement terminology. Movement must refer to the joint to which it
relates and describe the anatomical position, e.g. elbow flexion, knee extension or hip
abduction.
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Sagittal Plane Movements
When identifying movements in the sagittal plane, pretend to place two panes of glass on
each side of your ears or imagine you are in a tight corridor with your shoulders against each
wall; the movements that you can perform are movements that are in the sagittal planes, e.g.
swinging your arms and legs, bending forward and backwards. These movements are known
as flexion and extension

Flexion—this occurs when there is a decrease in the angle between two parts, e.g. bending
the elbow or knee. Flexion of the hip or shoulder moves the limb forward (towards the anterior
side of the body).
Extension—The opposite of flexion; this is the increase in the joint angle or a straightening
movement, e.g. when standing, the knees are extended. Extension of the hip or shoulder
moves the limb backward (towards the posterior side of the body).

Frontal Plane Movements:
Now place the panes of glass in front of your nose and behind your back. Any movement you
can perform between these panes of glass are known as frontal movements, e.g. lifting your
arms to the side and down and bending your body laterally.
Adduction—this occurs when the body part moves away from the midline of the body. Raising
the arms laterally to the sides or moving the leg out to the side is an example of abduction.
Adduction— isthe exact opposite and occurs when the body part moves back towards the
midline of the body, e.g. dropping the arms to the sides or bringing the knees together.
A good way of remembering which is which is to think that if you get abducted you get taken
away!
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Transverse (Horizontal) Plane Movements:
Finally place the planes of glass through a joint and the movements that you can perform by
pivoting are movement in the transverse plane. Typical movements are rotational movements,
e.g. rotation of head shaking head from side to side.
Internal rotation—(or medial rotation) of the shoulder or hip would point the toes inwards
(towards the midline).
External rotation (or lateral rotation) is the opposite. It would turn the toes or the flexed
forearm outwards (away from the midline).

Examples of the Sagittal
Plane at the Hip

Examples of the Frontal 
Plane at the Hip

Examples of the 
Transverse Plane at
the Hip
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Specialised movements of the body
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Joint Motions
The amount of movement that is allowed at a specific joint is determined by its structure. The
joint movement is described according to the type of movement (flexion, extension, adduction
or abduction) and the plane of movement (sagittal, transverse or frontal). The section below
takes all the movements from the anatomical position, which is standing upright, feet and
palms facing forward.

The Shoulder is made up of two parts -

The shoulder girdle has the specific movements not found in the rest of the body:
Made up of the clavicle, the scapula and the sternum. 

The Shoulder Joint is capable of - 
Flexion, Extension, Abduction, Adduction, Internal and External Rotation.
Additionally as mentioned earlier - 
Horizontal Flexion and Horizontal Extension
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Flexion and Extension
The hinge-like bending (flexion) and straightening of the elbow (extension) happens at the
joint between the humerus and the ulna, which is a hinge joint.
Pronation: Palm of hand facing downward with elbow flexed. The movement of turning the
forearm over happens at the articulation between the radius and the ulna; it is a pivot joint.
Supernation: Palm of hand facing upward
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The Hips are similar to the shoulder, as in they allow for -
Flexion, Extension, Adduction, Abduction, Internal and External Rotation

The Knee is a hinge joint capable of -
Flexion and Extension

Finally we have the Ankle which has specialist names for its movements also - 
Plantarflexion - Shown in the first diagram
Dorsiflexion - Shown in the second diagram
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Trapezius
Häggström, Mikael. "Medical gallery of Mikael Häggström 2014". Wikiversity Journal of
Medicine 1 (2). DOI:10.15347/wjm/2014.008. ISSN 20018762.
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Rhomboids
Häggström, Mikael. "Medical gallery of Mikael Häggström 2014". Wikiversity Journal of
Medicine 1 (2). DOI:10.15347/wjm/2014.008. ISSN 20018762.
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Deltoids
"BodyParts3D, © The Database Center for Life Science licensed under CC Attribution-Share
Alike 2.1 Japan."(Google translate)
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Latissimus Dorsi
Häggström, Mikael. "Medical gallery of Mikael Häggström 2014". Wikiversity Journal of
Medicine 1 (2). DOI:10.15347/wjm/2014.008. ISSN 20018762.
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Pectoralis Major
Häggström, Mikael. "Medical gallery of Mikael Häggström 2014". Wikiversity Journal of
Medicine 1 (2). DOI:10.15347/wjm/2014.008. ISSN 20018762.
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Biceps and Triceps
"BodyParts3D, © The Database Center for Life Science licensed under CC Attribution-Share
Alike 2.1 Japan."(Google translate)
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Rectus Abdominals
by sv:Användare:Chrizz, 28 maj 2005
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External Oblique and Internal Oblique
http://training.seer.cancer.gov/module_anatomy/images/illu_trunk_muscles.jpg



Level 2 GI - Module 5

Anatomical References and Terminology
Transverse Abdominus
Häggström, Mikael. "Medical gallery of Mikael Häggström 2014". Wikiversity Journal of
Medicine 1 (2). DOI:10.15347/wjm/2014.008. ISSN 20018762.

Transverse Abdominus
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Erector Spinae
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Iliopsoas (iliacus and psoas)
https://upload.wikimedia.org/wikipedia/commons/e/e2/Anterior_Hip_Muscles_2.PNG
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Adductors
https://upload.wikimedia.org/wikipedia/commons/e/e2/Anterior_Hip_Muscles_2.PNG
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Gluteus Maximus
https://upload.wikimedia.org/wikipedia/commons/7/70/Posterior_Hip_Muscles_3.PNG
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Gluteus Medius
https://upload.wikimedia.org/wikipedia/commons/7/70/Posterior_Hip_Muscles_3.PNG

Gluteus Medius
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Quadriceps
Häggström, Mikael. "Medical gallery of Mikael Häggström 2014". Wikiversity Journal of
Medicine 1 (2). DOI:10.15347/wjm/2014.008. ISSN 20018762.
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Hamstrings
Häggström, Mikael. "Medical gallery of Mikael Häggström 2014". Wikiversity Journal of
Medicine 1 (2). DOI:10.15347/wjm/2014.008. ISSN 20018762.
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Gastrocnemius
Sobotta's Atlas and Text-book of Human Anatomy 1909
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Soleus
Sobotta's Atlas and Text-book of Human Anatomy 1909
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Anterior Tibialis
https://upload.wikimedia.org/wikipedia/commons/d/d4/Tibialis.png
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Pelvic Floor - Coccygeus    Lavator ani
Henry Gray (1918) Anatomy of the Human Body
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Analysing movement

When a movement takes place, it is really the expression of a skill.  A skill is can be broken
down in to components of muscles firing in certain ways to achieve a task.  These are the
names we give to the ways a muscle may be used.

Prime mover/agonist: These are the muscle or muscles that are responsible for movement by
contracting. When more than one muscle crosses the joint, it is generally the larger muscle
that will be the prime mover, e.g. both the hamstrings and the gluteus maximus cross the hip
joint,  but during hip extension, the gluteus maximus (the larger muscle) is considered the
prime mover.

Antagonist: This muscle opposes the action of prime movers. They are generally found on the
opposite side of the joint and relax and stretch, while the prime mover contracts, e.g. the
hamstrings relax in knee extension when the quadriceps contract.

Synergist (assisting muscle): These muscles work with or assist the prime mover to produce a
given movement (and cross the same joint as the prime mover), but are smaller in size. They
may cause movement at a secondary joint that is also involved in the exercise, e.g. in a
shoulder press, the synergist is the triceps. The deltoids control the main movement at the
shoulder and the triceps control the movement at the elbow.

Fixators (stabilizers): These muscles hold the body, or part of the body, rigid while other parts
of the body are moving, e.g. in squats, the torso (core) muscles stabilise the body while the
leg muscles raise and lower the body.

Knowing the above roles is important when planning the order of an exercise session or when
designing split programmes.
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The importance of muscle balance in joint alignment and posture
It has been proposed by the rehabilitation world that a symetrical and central alignment of
joints, through a balance in muscle tension, reduces the chance of injury and pain.

To assess how a movement is recruiting muscles the key is to look at motions. 

Agonists - Look for the muscle shortening or lengthening against a resistance (the Bicep in a
bicep curl or the Pectoralis Major in a bench Press)
Antagonists - Look for the muscle that if contracted (shortened) would make the load move
even quicker in its own direction (the tricep in a bicep curl or the Rhomboids in a bench press)
Synergists - Tend to be active in multi-joint motions and act to support the movement and
power produced by the agonist.  Look for a smaller muscle that works one of the joints
assisting in a motion (the tricep in a bench press)
Fixators - To find these then look for non-supported parts of the body that need to be still in
order to allow motion to occur.  Usually the Fixators are muscles around the spine or the
shoulders.
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Health and Safety Principles

Fitness Instructors are responsible for health and safety in the whole of a club, and
specifically the training area that they will need to manage.  This means it is your
responsibility to know what to do to keep a space safe, and also what to do if things go wrong.

There are several legal and regulatory requirements specific to your roles as a fitness
instructor that you need to be made aware of:
Health and Safety at Work Act (1974)

The Health and Safety at Work Act 1974’ is the basis of British health and safety law and sets
out the duties that employers and employees have to themselves and members of the public.
Employers must make every attempt to ensure maximum health and safety requirements are
as far as is ‘reasonably practical’.

The Health and Safety at Work Act 1974 is the umbrella which incorporates a number of
health and safety regulations. Regulations, state more specifically what is expected from
employers.

It is “The Management of Health and Safety at work Regulation 1999” that sets out the legal
requirement for employers to manage health and safety in the work place.
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Health and Safety is the responsibility of both the employer and employee. The table below
outlines the responsibilities of both the employer and the employees.
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Your job will require you following Health and Safety procedures which will include performing
checks and recording data on those.  It is important that you carry these out as specified or
you may end up responsible if something goes wrong.

Register of Exercise Professional Code of Ethical Practice

All fitness instructors who are REPs qualified and who are members of REPs sign up to the
Code of Ethical Practice. Its aim is to establish, publicise and maintain industry standards and
to inform and protect members of the public. We have talked in detail about the REPs
register, so for more information please visit www.exerciseregister.org or see the section in
“professional conduct of a fitness instructor”.

Criminal Record Bureau – CRB Checks
The criminal record bureau provides access to criminal records and other relevant information
to employers. The result of the checks carried out by CRB help employers make more
informed decisions when recruiting people to work with children and vulnerable populations.
As a fitness instructor who may work with children and vulnerable adults your employer will
carry out a CRB check on you.

Key Individuals Responsible for Health and Safety
General Manager: responsible for the facility and ensuring that policies and procedures are
implemented and followed.

Duty Manager: responsible for the facility in the absence of the general manager.

First Aid at work qualified staff: required to administer first aid within the limitations of their
qualification and complete the relevant documentation
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CPR qualified staff: they administer CPR if required: they are usually first aid trained as well,
and can administer first aid. Provided it is within the limitations of their qualifications and level
of competence.

Defibrillator qualified staff: they are qualified to use a defibrillator

All on duty staff: they must ensure that all policies and procedures are adhered to and
executed accordingly

Health and Safety Officer: specifically responsible for all health and safety matters
which including risk assessments and compiling and implementing health and safety
procedures

Director of the company: they are ultimately responsible for the health and safety within the
organisation. If any legal proceedings were taken as a result of health and safety issues, they
would ultimately be liable.

As a fitness instructor, there are many potential emergency situations that could arise during
your shift. It is important that you are aware of the potential hazards so you can limit the
likelihood of them happening.
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Typical Accidents and Emergencies found in a Fitness Environment

Medical Emergencies: Some of the more common medical conditions you need to be aware
of are: high blood pressure, Coronary heart disease, cancers (in remission), recovering from
surgical operations, obesity, diabetes mellitus and musculoskeletal injuries. People with such
conditions have an increased risk of a medical emergency:

Angina – chest pains or tightness when exercising.
Heart attack – tightening of the chest with the pain spreading to shoulders, neck and arms.
Asthma attack – severe wheezing and coughing, rapid breathing, anxiety and panic.
Anaphylactic shock – itching, red raised blotchy skin, swelling, shortness of breath.
Minor stroke/Transient ischaemic attack – sudden numbness, weakness for face, arm or leg
on one side of the body, confusion, trouble walking, speaking.
Hypoglycaemic episode – hunger, shakiness, nervousness, sweating, dizziness and
weakness
If any of the above occurs to a participant within your fitness environment, dial 999, call for an
ambulance and follow the facilities emergency procedures.

Accidents: Even if you take all the precautions to avoid incidents, accidents will happen when
you least expect them. Some of the most common accidents you are likely to see are:
Bruising or breaking of limbs caused by incorrect use of equipment.
Fainting and banging the head caused by working at the incorrect intensity.
Strains and sprains caused by incorrect use of equipment or over exertion.
Heat exhaustion caused by dehydration, temperature, wrong clothing.
Cuts.
Muscle spasm.
When an accident does occur, keep calm and follow the facilities emergency procedures.
Other emergencies include fire, missing persons and chemical emergencies (pool and plant
rooms). 
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Managing Emergencies and Accidents
The fitness instructor’s role is to help any injured or ill individuals until the arrival of a qualified
first aider, or to be able to contact the emergency services and explain the situation in a calm
and effective manner so they can help administer first aid over the phone if necessary.

It is important that you have learned the Emergency Action Plan for the company you work
for, as you may have to:

call the emergency services (if required)
stay calm provide clear and easily understood instructions
record events any instructions given in the accident report book after the emergency is over

If an accident or emergency occurs that requires the emergency services, call 999 and
request the emergency service that is required.

There are three key emergency services:
Fire brigade – attend fires, floods, chemical emergencies, trapped persons.
Ambulance service – saves lives and provides care and treatment to anyone injured at the
scene or if there is a risk of anyone becoming injured.
Police – may move people to a safe place; keep people away from the scene and coordinate
the activities of the other emergency services.
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Medical Emergency – five point action plan

1 - Assess the situation.  Identify the type of injury or illness so you can give the correct
emergency information
2 - Make sure the area and the casualty is safe
Assess casualties, send for help immediately. Decide if the casualty requires a first aider or
the emergency services
3 - Give emergency first aid (if qualified) or assist a qualified first aider
4 - Record all details of the emergency
5 - Fire/suspected Bomb emergency procedures

You will find that procedures for fires and evacuating building vary from company to company.

Here is an example of one -
Activate the alarm by breaking the glass panel at the call point, the alarm will sound
continuously.
Start to evacuate your designated area not stopping to pick up belongings.
Be sure to be the last person to leave your area, and close all doors after you.
Walk- do not run
Use the fire exists to evacuate the building and use stairs instead of lifts.
Customers should be assembled to the designated meeting point.
Once you have assembled you group, report to the duty manager, that your area is cleared.
Wait for the all clear from management before re-entering the building.
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Maintaining the Safety of Individuals in an Emergency

First and foremost, fitness instructors must be aware of their boundaries of competence and
what you are able to do in an emergency situation.

All exercise trainers are expected to hold a recognised first aid qualification. This may be as
an Appointed Person trained in basic emergency first aid, or as a First Aider trained more
comprehensively in dealing with accidents and hazards related to the work place.

An Appointed Person is responsible for looking after the first aid equipment making sure it is
maintained and always available. They should take control when someone is injured or ill,
apply emergency first aid and call the emergency services if required.

A First Aider must know how to;
Take control of the situation.
Deal with life threatening problems.
Administer artificial ventilation and cardiopulmonary resuscitation.
Control bleeding.
Protect injuries from infection and other complications.
Arrange for professional medical attention and transportation.
Additional training is available to enable you to administer CPR, use a defibrillator and
administer first aid to special populations groups, e.g. children, older people and disabled
people.
If the participant is a child or a disabled person, it is important to contact their
parents/guardians as they are legally responsible for the individual and are required to give
their consent for any treatment or action taken in an emergency situation. If the parent or
guardian is not present at the scene and the participant’s condition is considered serious, it is
important that they are called immediately to inform them of the situation and gain their
consent for treatment. 
Everything should be recorded based on the rules of the company you work for.  Parental
signatures maybe required on accident books after an incident.
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How to carry out a Risk Assessment
The health and safety process begins with a detailed risk assessment which will identify any
hazards in the work place that could potentially cause harm to people.

Any gym session carries some degree of risk and it is the responsibility of the gym
management and/or the appointed person (you do not need to be a health and safety expert
to carry out a risk assessment) to identify risks, evaluate the extent to which the hazard may
cause harm and decide on measures to reduce these so that the risk is small. The aim is to
make sure that nobody is hurt, injured or becomes ill.

The Potential Hazards within a Fitness Environment
The fitness environment has many potential hazards that a fitness instructor needs to be
aware of. These include:

Equipment Maintenance - Check all moving parts. Belts on treadmills. Dumbbells that are
tightened.  Spacing between equipment.  Collars for barbells. 

Gym Floor - Checking the space around the machines, weights and cardiovascular machines.
Look for spillages, left out equipment and any obstacles or moved equipment that may cause
a hazard.
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Entry and exits: you must be aware of all the entry and exit points in case of an emergency.
They need to be kept clear both inside and out. This including stairwells to allow for
immediate access or exit.

Hydration stations: should be kept clean, be kept filled and have dry surrounding floors at all
times

Wet side: the pool has many potential hazards which you need to be aware off. Make sure
you know which end is shallow and deep, and ensure the pool temperature is appropriate.

Operating electrical equipment by the poolside is a big potential risk. There are various safety
considerations depending on the equipment and environment, therefore it is critical to follow
the health and safety procedures for operating the equipment. Otherwise it could lead to a
severe and potentially fatal electric shock.

Working practices within the facilities: the most important practice for a fitness instructor is
manual handling and lifting.  It is important to ensure that both the fitness instructor and the
participant handle and lift all equipment (free weights, fixed machines, electrical equipment) in
a safe manner to avoid injury e.g. sprains, strains (especially of the lower back), bruising etc.

Fitness instructors must also be aware of the operational procedures of the facilities. These
are implemented to protect everyone in the fitness environment and failure to follow these
could create hazards. E.g. pH testing of the swimming pool – failure to follow procedure can
cause the water to become too acidic and cause eye irritations.
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Client behaviour: failure to ensure participants behave appropriately during an exercise
session could lead to many different hazards. One of the most important policies to uphold is
the etiquette policy. E.g. wiping down equipment after use, not using mobile phones as this
could distract clients.

Young adults and children should be observed to make sure they are not training too hard, as
they have different abilities and physiological responses to exercises than adults.

There are certain situations when you see a participant behaving in an unsafe manner. You
need to approach them in a calm effective manner to provide advice accordingly e.g.
participant performing exercise with incorrect technique that can cause injury to themselves
and others trying to copy them.

Participants who are not listening to instruction and are generally disruptive should be
approached to ensure they are adhering to the etiquette policy or ask them to leave the area if
they refuse to cooperate. Follow company procedures on these situations, which often
requires a Duty Manager to oversee the situation.

Referral to appropriate colleague: if you are not qualified to work with special population
groups must be referred to the appropriate colleague. This is because they have certain
contraindications to exercise and other special considerations that need to be taken into
account when prescribing or supervising exercise sessions. Special population groups
include: children under the age of 16, older adults, pre/post natal women, vulnerable adults
with disabilities, certain medical conditions.
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Security: individuals who should not be in the facility or the session can be a hazard. They
may cause damage to the facility or harm persons within the facility causing an emergency
situation.

The session might not be suitable for the participant and this could lead to injury e.g. the
session is an advanced session and the participant is a beginner.

Special considerations for children and vulnerable adults – if you suspect a vulnerable adult or
child has gone missing from your session or facility or have any concerns regarding their
safety and security you must immediately report your concerns to the appropriate person so
the necessary actions can be taken.

In cases of emergencies, it may be necessary to either open or close the facility to protect
individuals. E.g. in the case of a missing person, it is important to familiarise yourself with the
opening and closing procedures of you facility, otherwise a missing child could leave the
facility unnoticed.

Hygiene: it is important to regularly maintain and clean all equipment to reduce the risk of the
spread of infection as well as preserving equipment and ensuring it is in safe working order.
Participants should be encouraged to wipe down equipment after use for hygiene reasons.

All floors should be kept clean and dry especially after group classes to prevent slips
happening. Appropriate footwear must also be worn at all times by participants and instructors
to prevent injury.
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Carrying out Risk Assessments

Usually the risk assessment is carried out by the Management.  

The aim of a risk assessment is to assess how people might be harmed and this can be done
in several ways.
Below outlines 5 steps to take when carrying out a risk assessment.

Perform a physical walk through of the facility; Look for hazards slips, trips,  falls,
chemicals, machinery, electricity, manual handling, noise, poor lighting, temperature.
Decide who might be harmed and how: office staff, cleaners, contractors,
customers, gym instructors.
Evaluate the risks and decide whether the existing precautions are adequate
or whether more should be done.
Provide instructions or training where necessary, reduce the risk as far as is
reasonably practicable.
Record findings and implement any necessary changes.
Review the risk assessment and update as necessary.
 
As a fitness instructor you will be required to follow the above step before starting any
exercise session.
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Risk Assessment for Exercise Preparation
Prior to training a client the following checks should be evaluated -
What are the hazards?
Who might be harmed and how?
Evaluate the risks and decide whether existing precautions are adequate or whether more
needs to be done, if possible before the session begins?
Record findings and implement any necessary changes.
Review each session.

When assessing the risk of a planned activity, the above steps must be applied to the
following areas:
The environment – hazards include slipping on the floor due to water, temperature being too
hot. To reduce the risk wipe up the floor and turn up the air conditioning or ventilate the area.
The equipment – hazards include frayed cables which can cause injury. To reduce the risk
place an “out of order” sign on the machine and do not use in the session.
Other people exercising in the same area – hazards include facilities too crowded and lack of
space to perform planned area. To reduce the risk, change the session or activities so that
exercises performed require less space.
The planned activity – planned activities are no longer appropriate due to a change in the
participant’s medical condition which could lead to injury. Choose alternative activities suitable
for the participant.
Emergency procedures – bags are blocking the door and exits from the exercise area.
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Additional information is required about the participant to reduce the risk of injury and an
emergency occurring:

Screening (fitness and skill levels, medical conditions defer or refer if appropriate).
Purpose of activity/exercise session (anticipated fitness improvements).
Demands of the session.
Obtain participants consent to exercise.
Identify contra-indications to exercise (where applicable) based on information gathered
through screening participants.
PAR-Q ( looking for a yes response)
Medical condition outside the boundaries of competence
Any concerns from instructor or participant
Recognise and apply deferral of participant where applicable

If you are in a situation where you feel that you cannot control a risk or hazard that you have
identified, it is important that you know whom to contact within your organisation. The process
will be set out in the health and safety manual and should be adhered to at all times.

Safeguarding Children & Vulnerable Adults

In today’s fitness industry, there is more and more focus on families and children resulting in
fitness instructors having to deal with a variety of population groups.
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Legislation relating to children and young adults
Legally a child can be defined as anyone under the age of 18 years.
The children Act 1989: provides legislation to ensure that the welfare and development needs
of children are met, including their need to be protected from harm. The act reinforces the
autonomy of families through defining parental responsibilities, and provides the support from
Local Authorities.
It protects children who may be suffering or likely to suffer significant harm.
The Police Act 1997: contains the provision to set up the CRB for England and Wales. It is a
criminal offence for an employer to not check an employee working with children and
vulnerable adults and to give a job to someone who is inappropriate to work with children or
vulnerable adults when they know this to be the case.
The Protection of Children Act 1999: Any childcare organisation or any organisation working
with children must make use of the disclosure service (using the CRB) in their recruitment and
reporting process.
Every Child Matters and the Children Act 2004. This looks at the government’s approach to
the wellbeing of children and young people up to the age of 19. It aims to maximise
opportunities and minimise risks for all children, young people and families. It increases the
focus on supporting families and cares and ensures the necessary interventions taking place
before a child reaches a crisis point.
Safeguarding Vulnerable Groups Act 2006. The aim of this scheme is to provide a more
effective and streamline vetting process for potential employees and volunteers. The will be a
list of people barred from working with children (the Children’s’ Barred List) and a separate
but aligned list of people barred from working with vulnerable adults (the Adults Barred List).
The application process will be run by the CRB and decisions on who should be placed on the
barred lists lie with the independent safeguarding authority.
The Disability Discrimination Act (DDA) 1995 and 2004: it is unlawful to discriminate against
people in respect of their disabilities in relation to employment, the provision of goods and
services, education and transport. It is unlawful for service providers (in our case fitness
operators) to treat disabled people less favourably for a reason related to their disability and
they have to make reasonable adjustments for disabled people.
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The responsibilities of a fitness instructor regarding the safeguarding of children and
vulnerable adults
All fitness instructors working with children and vulnerable adults must be CRB checked
before their employment begins.
Most companies have their own internal policies and procedures relating to the safeguarding
and welfare of children and vulnerable adults which will be the fitness instructor’s
responsibility to become familiar with.
Due to the contact that trainers have with these clients, it is important that you are made
aware of what possible abuse looks like and know who to report this information to.
Any information that you may have regarding possible abuse must be acted upon immediately
to protect vulnerable persons.
Before deciding whether to report concerns about possible abuse, it is important to consider
the following factors:
What is the definition of abuse?
List the symptoms of abuse and compare them to what you have witnessed, heard etc.
Who should be notified?
How will records be made?
Consideration should be made to the Data Protection Act 1998.
How will the child or vulnerable adult be treated? 
How will the confidentiality of the information and documentation be kept?
Once reported it is the responsibility of the Local Authorities to determine whether abuse has
occurred.
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It is important that you observe potential abuse, but it is not your role to question and push
someone you suspect is being abused to give you answers. 

A better plan is to try and learn the types and signs of abuse.

Abuse can be defined as the violation of an individual’s human rights and can take many
forms. It can be physical, sexual or emotional.

Types of abuse include:
Physical – unexplained bruising, injuries, cuts or breaks, fractures and repeated injuries.
Emotional – threatening behavior directed at the participant, discriminating remarks, taunting.
Neglect – developmental problems not attributed to a pre-existing medical condition, personal
hygiene issues, and lack of general care.
Bullying.
Sexual abuse.
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Signs of abuse:
Physical signs and indications may include:
Unexplained bruising, burns, fractures, lacerations or abrasions
Swollen areas
Evidence of delayed or inappropriate treatment of injuries
Personal hygiene issues
Lack of adult supervision on a daily basis
Difficulty walking or sitting
Loses weight for no apparent reason
Displays a variation in eating habits
Behavioural signs and indications may include:
Stilted conversations, vacant stares, overly watchful
Wary of adults
Arrives early, stays late for sessions and is reluctant to go home
Flinches if touched unexpectedly
Overly compliant and eager to please
Drug or alcohol misuse
Depression
Sudden outbursts of temper/ aggressive behavior
Inappropriate sexual awareness

It is not your place to accuse people of abuse, instead follow your organisation’s safeguarding
policies and procedures at all times; if working independently, report your concerns to you
local authority and let them handle the matter professionally.

You have a responsibility to act on concerns about abuse, but it is not your responsibility to
make a judgement on whether or not abuse is taking place.
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The position of Fitness Instructor can leave you vulnerable to accusations of abuse and so
you need to protect yourself from these accusations.  These procedures can help.

Ensure that you have a current and up to date CRB check in place even if you employer does
not insist on this. This could be done annually.

Ensure that you are familiar with the organisation’s safeguarding policy and procedures
relating specifically to physical contact with participants and being alone with participants.

Do not assist children with changing clothes or bathroom trips without another adult present to
protect you from false accusations.

Ensure that you note any evidence of possible abuse carefully and include this in any report
you or the organisation’s safeguarding representative has to provide. This may be used as
evidence in any possible prosecution so it must be accurate.

Obtain informed consent for the activities or assessments that clients are to follow.

When working with children and vulnerable adults it is important to obtain the informed
consent of their parents, guardians or an appropriate adult before commencing any
assessment or exercise activity.
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 As a fitness instructor you should be aware of the statutory agencies that protect
children should you require their assistance.

Ofsted: is a government agency whose role is to inspect and regulate the care of children and
young people. It is responsible for checking places where children and young people are
looked after; the people who look after the children and young people; schools and colleges;
adult learning and training; how teachers are trained.

Local Authority (social services): they are bound by the laws laid down by the national
government to safeguard the welfare of children and vulnerable adults through departments
such as social services. Most cases of abuse will be reported to the local authority in the first
instance.

Police: provide the mechanisms for agreeing how an organisation will cooperate to safeguard
and promote the welfare of children. They will enforce the law relating to the protection of
children and vulnerable persons. In some cases, a report of abuse may be reported to the
police

Local Safeguarding Children Boards: these are statutory bodies set up by Local Authorities.
Their aim is to ensure that key agencies work together effectively to ensure that children are
properly safeguarded. Core member include the local authorities, health bodies, the police
and others.

Independent Safeguarding Authority (ISA): their purpose is to prevent unsuitable people from
working with children and vulnerable adults.

If you suspect that abuse has been or is taking place, you may need to contact one of the
organisations listed above and they will investigate whether any abuse has occurred or is
occurring and take the relevant action.
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Confidentiality of information relating to abuse

In accordance with the Data Protection Act 1988, you must ensure that any data including
computerised, electronic or manual records are stored securely and not disclosed to any party
without the client’s consent.

It is important that the confidentiality of the participant’s information is not put at risk. Failure to
do so could result in a compensation claim made by the participant for breach of
confidentiality.

As well as the legal responsibilities outlined, you have a moral responsibility not to discuss
with a third party any matters relating to the participant without their consent.

Where reports have been written in relation to an allegation or incident of abuse, these reports
may be given to any appropriate statutory agencies. 
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Fitness and its components
What is the importance of fitness?
The technical revolution has almost stripped our lives of physical activity in the name of
convenience, efficiency and saving time. Everything from remote controls to moving stairs
combined with a multitude of mechanised devices such as motor vehicles, washing machines,
dishwashers, power tools, etc to take the effort out of almost everything that we do.
As a consequence, most of us are now half as active as our parents, and what is worse, our
children are set to become half as active as we are. Our bodies were designed to be active
and by leading sedentary lives we are creating immense health and social problems for
ourselves.
This has put society at risk of diseases which are directly related to inactivity or low levels of
habitual activity. Physical inactivity is a serious nationwide problem, and it poses the public
health service a challenge for reducing the national burden of unnecessary illness and
premature death. It is vital that we promote the need to be more physically active as there is
strong evidence linking regular physical activity and fitness to a wide array of physical and
mental health benefits.
Commonly used definitions
Health:”Health is state of being associated with freedom from disease and illness that also
includes a positive component (wellness) that is associated with quality of life and positive
well-being” (Cobin et al, 2000)
Total Fitness: Total Fitness is not solely the optimal functioning of the body’s physiological
system, but an integration of the mind, body, spirit and emotions. Unfortunately for many
fitness professionals there is a tendency to focus solely on the physical aspects.
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The components of Total Fitness include:
Emotional Fitness: This is the ability to deal with life’s challenges in a positive way. It is an
awareness of emotions and an ability to express and manage these emotions accordingly.
Mental Fitness: This is the ability to be aware of and to manage thinking patterns in order to
be able to make positive and logical decisions and choices.
Social Fitness: This is the ability to interact, develop and maintain healthy relationships with
people.
Spiritual Fitness: This is an awareness of one’s self beliefs, and the beliefs of others.  It
includes the ability to understand different social, religious and cultural perspectives and
integrate these into a harmonious, accepting and tolerant outlook.
Medical Fitness: This is when an individual has no illness or disease and continues to make
lifestyle choices that help them to maintain medical fitness.
Nutritional Fitness: When an individual eats a balanced diet which includes all the macro and
micro nutrients in the correct proportions in order to meet their calorie and nutritional
demands.  This also requires an adequate consumption of water.
Physical Fitness:This is the ability to maintain an active lifestyle. The US department of Health
and Human Services describes it as “a set of attributes that people have or achieve relating to
their ability to perform physical activity”.
Physical fitness is the Fitness Instructor’s speciality subject; therefore this section will focus
more on this component of total fitness. 
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Factors affecting health and fitness
An individual’s ability to be fit is affected by their physical abilities and training potential. There
are two factors:
1. Genetic—and includes: body types, gender and heredity.
2. Lifestyle factors—such as: level of initial fitness, illness/injury, drugs, age, smoking, alcohol,
diet, stress, pregnancy, body composition and finance.
1. Genetic
Body Type: In the 1940s, Sheldon developed a theory stating that there are three basic body
types or somatotypes (Ectomorph, Mesomorph and Endomorph). Most people have a
combination of these types. Elite sports will attract extremes of these body types suitable for
that sport. For example, basketball will attract people who are tall and thin, while rugby will
attract people that are broad shouldered and muscular.
Ectomorph:
naturally thin with little body fat or muscle mass
lean, narrow shoulders and thin waist, flat chest
aerobic activity, e.g. long distance running would suit this body type
Mesomorph:
lean and muscular
broad shoulders and narrow hips
suited to most sporting activities
Endomorph:
tendency to put on fat and store it
apple or pear shaped bodies
muscle mass is present and sometimes high % to carry the weight
suited to shot put and hammer throw
.
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Heredity:
The genes an individual inherits will determine their response to physical fitness training.
Genetics play a role in health and appearance, but genes certainly do not determine how
often or how well you train. Even if you are born with a genetic predisposition to being
overweight or being weak, the way you live will ultimately determine whether you become fit
and strong, or fat and weak.  We are dealt a genetic hand of cards at birth, but ultimately it is
how you play those cards that really matters.
Diet:
The food we eat is like petrol to a car. But unlike a car, we need different food to fuel different
parts of our body to allow each part to function properly.  Food does the following:
Provides energy.
Helps the body to grow.
Repairs injured tissue.
Contributes to good general health.
Those who do not supply their body with all of the nutrients that it requires will not be able to
reach their full physical fitness potential. Therefore, it is essential to relay the message of a
healthy balanced diet to clients.
Age:
As you get older, your physical capabilities decrease. But the rate of decrease can be slowed
by regular exercise and a healthy lifestyle.
Lifestyle:
The general physical activity level of an individual (housework, gardening, playing with
children, etc) is an important contributor to physical fitness.  Negative lifestyle habits, e.g.
heavy alcohol consumption, smoking, being sedentary, will have a negative impact of physical
fitness.
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The link between Physical Activity, Health and Fitness: issues and trends
Research has shown that nearly all individuals can benefit from physical activity and that
moderate physical activity can reduce the risk of developing heart diseases, diabetes, colon
cancer and high blood pressure (US Department of Health and Human Services, 2002).
Research has also shown that low levels of habitual physical activity and low levels of
physical fitness are associated with markedly increased all-cause mortality rates
(Paffenbarger, 1986). Regular physical activity throughout life is important for maintaining a
healthy body, enhancing psychological well-being, and preventing premature death. Yet in the
UK one in five people in do less than 30 minutes of physical activity in a month (Department
of Health, CMO Report, 2004). One important role of a Fitness Instructor is to try to educate
people about the benefits of physical activity and to get more people more active for the rest
of their lives.  It is also important that Fitness Instructors are good role models and try
wherever possible to adhere to the principles of total fitness.
Some health related activity statistics
Physical inactivity roughly doubles the risk of coronary heart disease (CHD) and is a major
risk factor for stroke.
In the UK it is estimated that around 37% of deaths from CHD are related to lack of physical
activity, compared to 19% for smoking.  (British heart foundation database 2000).
75% of women and 63% of men are less physically active than the recommended levels for
health gain.  (Joint health survey 1999).
80% of adults think that they are fit, and the majority incorrectly believe that they do enough
exercise for health benefit.  (Allied Dunbar Fitness survey 1992).
In the last 20 years, obesity has tripled, yet levels of calorie consumption have remained fairly
constant over the last 50 years (Obesity in Britain BMJ 1995).
30 minutes of moderate activity daily have the maximum health benefits.
Fat burning occurs at both high and low levels of exercise intensity.
Benefits of Physical Activity
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Research has shown that regular physical activity is associated with a reduction in fatal and
non-fatal cardiovascular diseases and coronary heart disease. Physically inactive people
have almost twice the risk of developing heart disease as active people (Powell et al., 1987).
Physical activity is also associated with a reduction in obesity and type 2 diabetes, along with
a decrease in incidences of colon cancer and osteoporosis.
People with higher physical activity levels are also less likely to develop depressive illnesses
(Kesaniemi etal. 2001). Being active for 30-60 minutes on most days can help to build
strength and fitness, relax and reduce stress, gain more energy and improve sleep. These
benefits all add up to decreasing the risk of heart disease and other conditions, such as colon
cancer, diabetes, osteoporosis and high blood pressure.
One of your key roles as a fitness instructor is to ensure the participants adhere to their
exercise programme. Over 50% of the people who join a health club quit exercising within 3
months (CYQ 2007). Therefore an instructor needs the vital skills of being able to promote
physical activity to their members and potential members and encourage exercise
adherence  
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Exercise Prescription for Health
To improve health, the National Institute for Health and Clinical Excellence (NICE), the British
Heart Foundation (BHF) and the World Health Organisation (WHO) recommend at least 30
minutes of low to moderate physical activity on at least five days a week. This complies with
research over the last 10 years which has shown significant health benefits can be obtained
from the following exercise prescription for health: 



Level 2 GI - Module 7

Concepts of Fitness
The main components of physical fitness
Health related physical fitness: “The ability to perform daily activities with vigor, and the
possession of traits and capacities that are associated with a low risk of premature
development of hypo kinetic diseases (associated with inactivity)” (ACSM, 2006).
Physical fitness is the fine tuning of the body, enabling individuals to perform to their potential.
More importantly it is the “ability to carry out daily tasks with vigour and without undue fatigue,
and with sufficient energy to engage in leisure-time pursuits and the vitality to perform at one’s
fullest capacity” (U.S. Department of Health and Human Services, 1996).
It also involves the performance of the heart and lungs, and the muscles of the body. Since
what we do with our bodies also affects what we can do with our minds, fitness influences to
some degree qualities, such as mental alertness and emotional stability.
Physical fitness is comprised of skill related and health related components (President’s
Council of Physical Fitness, 2000). This course pays special attention to the health related
components of physical fitness, because as a Fitness Instructor these will form the basis of
your exercise session programme design.  It is also a very important component of health
promotion and disease prevention.
The American College of Sports Medicine (ACSM) has now made it clear that increased
levels of physical activity may reduce the risk for certain chronic diseases, but it might not be
sufficient to improve the performance of already fit individuals. As an Instructor you must be
aware that the quantity and quality of exercise needed to attain health related benefits may
differ from that which is recommended for fitness benefits, and that this is an important
distinction.
Below is the list of components of physical fitness.
Cardiovascular Fitness
Muscular fitness (Muscular Strength and Muscular Endurance)
Flexibility
Motor Skills (this will be covered in more detail at level 3) 
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Planning a Programme to Meet Health Related Goals
Health related goals are based around appearance, feeling good and maintenance of good
health rather than training with a specific performance goal in mind.  The best way to achieve
this is with a balanced training programme that incorporates the five components of physical
fitness;
Cardiovascular (CV)
CV training helps to develop a stronger heart, lungs and circulation as well as burning up
calories. Every programme should include some CV as it is the heart, lungs and circulation
that provide the working muscles with oxygen.  If they are not trained regularly there is a
greater chance of heart attack and stroke etc.
Muscle Fitness (Muscular Strength and Endurance)
This is important for everyday tasks, and for supporting joints to prevent injury, especially in    
the lower back. Bone density and prevention of osteoporosis are closely related to muscular
strength. Strength training stimulates lean muscle growth, which is essential to maintaining
Resting Metabolic Rate.
Flexibility
Functional movement, the ability to carry out normal day to day activities is reliant on full
range of movement around each joint. Maintaining the right length and tension of muscles
also helps with good posture and reduces the risk of injury.
Motor Skills
These include balance, reflexes, coordination, body awareness and movement.  Motor skills
are important for performing everyday tasks and preventing injury.
Instructors should take account of the clients’ likes and dislikes, fitness level and time
available when writing a programme. Remember to include all five components to ensure a
balanced approach.
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Introduction into the health related components of fitness
a.  Cardiovascular Fitness:
Also known as aerobic fitness, it can be defined as the “ability to perform large muscle,
dynamic, moderate to high intensity exercise for prolonged periods” (ACSM, 2006) e.g.
walking, jogging, swimming and cycling.
Cardiovascular fitness may be described as the efficiency of the heart, lungs and vascular
system to deliver oxygen to the working muscle to maintain prolonged physical activity.
Cardiovascular fitness is affected by:
Heart rate – The number of pulses of the heart in one minute.
Stroke volume – Stroke volume is the amount of blood ejected with each beat of the heart.
Cardiac output – is described as the volume of blood being pumped by the heart in a minute.
It is equal to the heart rate multiplied by the stroke volume.
The benefits of cardiovascular fitness:
Participating in a cardiovascular exercise can help individuals to:
– lower blood pressure
– increase HDL cholesterol (good cholesterol)
– decrease total cholesterol
– decrease body fat due to high calorie values of regular exercise
– increase heart function and its ability to pump more blood
– decrease stress reactions and anxiety
– improve glycaemic control (blood sugar control)
– decrease resting heart rate
– increase cardiac output
– increase aerobic work capacity
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What is the recommended amount for health benefits?
The ACSM states that for an individual to develop and maintain cardio respiratory fitness, a
healthy adult should partake in cardiovascular activities 3 to 5 times a week, where they are
working at 55-69% of their maximum heart rate (4-7Kcal/min) and 40-49% of max heart rate
for individuals who are quite unfit. The duration of an aerobic session should be 20-60
minutes, but this can either be broken up into 10 minute bouts throughout the day, or
continuously. The average recommendation is 30 minutes. The type of activity can be
anything as long as the activity uses the large muscle groups, which can be maintained
continuously and rhythmically at a moderate pace. Examples are walking, running, cycling,
dancing, rowing, swimming and a variety of daily living activities.  

The ACSM’s guidelines can be related to the FITT principle, the FITT definition is detailed
below:
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How to relate the ACSM guidelines and the FITT principle to cardiovascular Fitness
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Monitoring a cardiovascular session
Monitoring a cardiovascular session plays a crucial role in the success of the exercise plan
because if an individual does not work at a high enough intensity, then they will not achieve
their goals. The client will be looking to you to provide the expertise to achieve their goals. On
the other hand, if they train too hard they will put themselves at risk of overtraining, illness and
injury.
There are numerous ways of monitoring the intensity of a cardiovascular session, but the
three main ways (which are normally used together) are:
Heart rate – percentage of max heart rate (%MHR)
Rate of Perceived Exertion (RPE)
The talk test
Using heart rate to monitor cardiovascular exercise intensity
The most obvious way to measure cardiovascular intensity is to measure how hard the heart
is working. Measuring heart rates can be tricky and needs practice to consistently get an
accurate reading. There are two ways of measuring heart rate. The first is using a heart rate
monitor to get a more accurate heart rate measurement. The second way is physically
measuring the heart rate taken at any spot on the body at which an artery is close to the
surface and a pulse can be felt. The most common places to measure heart rate using this
method is at the wrist (radial artery) and the neck (carotid artery).
Normal resting heart rates range anywhere from 40 beats per minute up to 100 beats per
minute.  Ideally you want to be between 60-80 beats per minute, with the average resting
heart rate for a man being 70 beats per minute, and for a woman 75 beats per minute.
During exercise heart rate will depend upon the intensity of exercise, fitness level, and
maximum heart rate (which is dependent upon age).
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Key heart rate measurements that you need to know are as follows: 
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The Four Heart Rate Zones of Aerobic Training
The tables below show five training zones, each zone will assist in achieving specific
cardiovascular health, fitness or performance goals.
Moderate aerobic zone:
This zone is 50% – 60% of max heart rate and is the level of intensity most people find
comfortable. This zone may be used as the “recovery zone” and the “warm up zone”. It is also
the zone that is mainly used for de-conditioned or sedentary people, as it is a realistic first
step for those who want to improve their CV fitness and health status.
Fat burning/ Weight management Zone
The fat burning zone is a concept that the body burns a greater percentage of the overall
calories used from fats (rather than glycogen) at these lower intensities (from 60-70% MHR)
than it does at higher intensities. Thus this zone helps to increase the amount of fat that is
used as a fuel when exercising. In reality, more overall calories are burnt during higher
intensity exercise; however untrained clients cannot maintain this for long periods of time.
If a client wants to lose fat this can only be achieved if more energy is being burned compared
to how much is being eaten. This assumption comes from the Energy balance equation which
is;
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Energy in = Energy out for weight to stay the same and Energy in < Energy Out to lose weight
The Fat Burning Zone works, if the individual has a low fitness level and has a high body fat
percentage. However, as they become more trained, this zone becomes less effective, the
exercise intensity needs to increase in order to burn as many calories as possible in the time
allowed.
Remember: to lose one 0.5 kg of weight, you need to have a deficit of 3500kcal (1gm fat =
9kcal). This can be achieved by manipulating both sides of the equation, i.e. decrease energy
in and increase energy out.
The Aerobic Fitness Zone
This is from 70-80% of Max HR and is the zone which brings about the most substantial
improvements to cardiovascular fitness. This zone uses mainly carbohydrates as the prefered
energy source. It is often referred to as the “training sensitive zone” (McArdle, Katch and
Katch, 1996), which is the recommended training zone to improve the aerobic system. It
improves the efficiency of the heart, lungs, circulation and red muscle fibres. This zone is
often used as the endurance base for more intense aerobic exercises.
The Peak Aerobic (optimal conditioning) Zone
This is 80-90% of Max HR, and is recommended for those individuals who are looking to
improve their anaerobic threshold, i.e. the point at which they start to become out of breath
and lactic acid builds up faster than the blood can clear it, thus the point at which the athlete
becomes fatigued. It also improves the efficiency of white muscle fibres.
Rate of Perceived Exertion (RPE) to monitor cardio activity
This method is one of the easiest ways for clients to self monitor the intensity of their cardio
workout. The RPE scale can be used without stopping the activity (as for measuring heart rate
manually) and it is a good way for those new to exercise to learn how they should be feeling.
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How does it work?
During exercise it is possible for the client to “perceive” how hard they think the body is
working based on the physical sensations, including increased heart rate, increased
respiration or breathing rate, increased sweating and muscle fatigue. By using the RPE scale,
designed by Borg in 1967, clients can estimate and describe their effort or how hard they are
working. The scale basically is describing “how do you feel?” during the exercise session,
which helps the instructor and the client to monitor the intensity of the session.
How to use the RPE Scale
The RPE is assessed using the chart below. This is just one example of an RPE scale; there
are several others. You should choose one that suits your needs. The scale is used to rate
the feeling caused by exertion.
Ask the client how they feel, during each phase of cardiovascular exercise (warm up, main
body and cool down). With experience, the client will become more tuned with how they feel.
Below is another example of the RPE scale.  It is the Modified Borg Scale using a scale of 1-
10 instead of 6-20 as seen in the original Borg scale. This has been found to be a more user
friendly scale for both gym instructor and client. On this version the rate of effort between 3
and 7 puts you in the aerobic or training zone.   
Source: Borg, G.V. (1982) Psychological basis of perceived exertion. Medicine and Science in
Sports and Exercise, 14, 377-381. American College of Sports Medicine
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The “talk test” to measure the intensity of a cardiovascular exercise
The Talk Test was developed to be an informal, subjective method of estimating appropriate
cardio respiratory exercise intensity. The method entails maintaining an intensity of exercise
at which conversation is comfortable. When an exerciser reaches an intensity at which he or
she can “just barely respond in conversation,” the intensity is considered to be safe and
appropriate for cardio respiratory endurance improvement. The newest research supports the
usefulness of the Talk Test and highlights its ability to closely reflect actual heart rate and
VO2 levels (Persinger et al., 2004).
Adaptations to cardiovascular training
The primary adaptation during exercise occurs in the muscles. They become much more
efficient, and so can burn higher levels of fuel (requiring more oxygen). Subsequently, the
increases in heart and lung capacity are secondary as they too adapt in order to supply the
now more efficient muscles.
The muscles:
Regular exercise makes the muscles more efficient by:
Increasing the number of energy producing cells (mitochondria), therefore the muscle can
produce more energy.
Increasing the number of aerobic enzymes, allowing a greater utilization of fatty acids instead
of carbohydrates for energy production (greater endurance as we have more fat than sugar).
Increasing the number and size of blood vessels in the muscles, so that the muscle can
supply itself with more oxygen rich blood.
Increasing the muscles’ capacity for storing fats and glycogen, ensuring increased endurance
capacity.
An increase in the actin and myosin filaments within the muscle cell, providing more power
from the muscle.
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The lungs:
The function of the lungs is gaseous exchange – expelling carbon dioxide and extracting
oxygen. The following adaptations occur in response to the greater demand placed upon the
lungs by the increased efficiency of the muscles:
Increase the amount of capillaries around the alveoli to increase the potential for gaseous
exchange.
The lungs utilise more available tissue (already present as reserve capacity).  This leads to a
slight increase in Total Lung Capacity and a slight decrease in Residual Lung Volume.
The respiratory muscles (intercostals and diaphragm) adapt to provide more efficient
breathing, resulting in a decreased respiratory rate at rest and during exercise.
Decreased Respiratory Exchange Ratio (ratio of carbon dioxide released to oxygen
consumed).
The Blood:
The transport vessels for moving blood around the body become more efficient and there are
also changes to the blood itself:
The blood increases in volume, and the number of red blood cells which carry oxygen
increases.
There is a decrease in the blood viscosity (stickiness) which allows for faster delivery.
There is an increase in the number of blood vessels to the muscles (vascularisation),
providing blood with more avenues to the organs and muscles.
Greater opening (dilation) of existing capillaries in trained muscles.
Decreased resting blood pressure. As a result of this extra capillarisation, there are more
avenues through which blood can flow. This means that the actual adaptations occurred and
overall blood pressure may be reduced.
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Blood Fat Profile: As cardiovascular exercise promotes fat metabolism, there is an important
health benefit related to the way in which fats are transported around the bloodstream. Fats
are carried in the blood combined with proteins as lipo-protein (lipids is another name for fats).
The lipo-proteins that have a high proportion of fat compared to protein are known as low
density lipo-protein (LDL), as fat is much less dense than protein. Conversely, lipo-proteins
that have a higher proportion of protein to fats are known as high density lipo-proteins (HDL)
The LDL have a tendency to stick to the blood vessel walls during transportation and this may
lead to an accumulation of fat deposits causing a blockage in the blood vessel
(atherosclerosis or atheroma). Regular cardiovascular exercise improves the blood fat profile
by acusing more of the fat to be carried as HDL rather than LDL.
Blood Pooling: When exercising, your heart pumps large amounts of blood to the working
muscles to provide them with the oxygen and nutrients they need. When they are used up the
force of the contracting (exercising) muscle push the blood back to the heart to be re-
oxygenated. However when the exercise stops, so does the force that pushes the blood back
to the heart. This blood and the waste products like lactic acid, stays in the muscles; this
process is referred to as ‘blood pooling’. Stopping exercise suddenly reduces the oxygen
supply to the brain leading to dizziness and fainting.
An effective cool down, where the intensity is reduced gradually. Helps to keep the blood
circulating and helps reduce blood pooling post exercise soreness.
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The heart:
During a physical activity session, the body requires more oxygen to cope with the additional
work. As oxygen is supplied by the blood, there must be an increase in the cardiac output
(discussed in previous chapters).
As cardiac output increases, blood vessels dilate, allowing increased flow of blood and supply
of available oxygen to the muscles. The heart is responsible for pumping blood around the
body, and to match the additional demand the pump needs to:
Increase the volume of the left ventricle and increase the size of the muscle wall. This enables
it to pump more blood around the body with one beat of the heart.
As a result the resting heart rate decreases, as the heart can now pump the same volume of
blood in one minute using fewer beats.
Because the heart is more efficient, it can now  recover quickly from exercise, and therefore,
there is a decreased in Heart Rate Recovery
All of the above changes collectively improve the body’s ability to supply oxygen to the muscle
and the body’s ability to use the oxygen. This results in delaying the onset of fatigue by being
able to slow down the production of lactic acid, and increasing the ability to remove the lactic
acid from the working muscles.
The Bones: As with any form of weight-bearing activity, there can be an improvement in bone
density as a result of aerobic training. The body’s natural repair response is to take up more
mineral salts after the bones have been stressed. Non-weight bearing activities such as
cycling or swimming will not have the same level of effect on bone density.
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Special Populations and Cardiovascular Training
Children and Young People: children and young people have to work harder than adults
during CV training to supply the muscles with the amount of oxygen they are burning. They
are not equipped to tolerate anaerobic exercise or an aerobic curve. Therefore interval and
fatlek training are more suitable to their energy systems development.
They also tend to heat up and cool down quicker than adults due to an inferior and
underdeveloped cooling mechanism. They do not carry as much water and can dehydrate
during activities more easily. Heart rate training with children can be tricky, it is safer to use
the RPE scale, talk test and visual observations.
Pregnancy: low to moderate exercise intensity is recommended in order to preserve blood
flow to the foetus. Individual target heart rates depend on the level of fitness and stage of
pregnancy. The body’s normal heating process increases which can lead to overheating,
Pregnant women feel more breathless due to weight gain and hormonal influences.
When monitoring exercise intensity, it is best done by using the talking test and appearance
rather than other methods of monitoring.
Ageing: older adults tend to tire more easily and are less able to maintain their maximum
pace. They have a lower tolerance to lactic acid, need longer to recover and can overheat
rapidly. Some individuals may have increased blood pressure, therefore moving from position
to another, in particular lying to standing, they may experience dizziness. Therefore change
positions slowly to allow time for the blood to re-distribute. Loss of flexibility in the rib cage
leads to increase in breathing rate, therefore it reduces the ability for exchange of gases and
breathlessness. High impact cardiovascular activities should be avoided as it can damage the
joints.
Disability: Individuals with disabilities may have limitations specific to their disability. Their
fitness level may be low due to inactivity caused by their disability. These factors should be
carefully considered prior to exercising.   
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Muscular fitness:
Muscular fitness is important for everyday life and for common tasks such as walking up stairs
and moving furniture. There are two parts to muscle fitness which are: muscular strength to
overcome external forces when performing tasks, and muscular endurance to allow the
muscle to be able to work for an extended period of time before fatiguing.
Muscular strength: “The ability of a muscle or muscle group to exert maximal force against a
resistance one time through a full range of motion” (NASPE, 2005).  This may be measured
by asking the person to perform a resistance exercise at the absolute maximum to perform
one lift. Known as: One repetition maximum (1Rep Max or 1RM). To improve muscular
strength, training intensity should be high and the number of repetitions of each lift or
movement should be kept relatively low. It is express as:
Very high resistance x low repetitions
                       75% of 1 RM, low repetitions (1-10)
Muscular Endurance: “The ability of a muscle or muscle group to exert a submaximal force
repeatedly over a period of time” (NASPE, 2005).  To improve muscular endurance, training
intensity should be low to moderate and the number of repetitions kept relatively high. It is
expressed as:
Low to moderate intensity x high repetitions
                       40-60% of 1RM x high repetitions (15-25)
Differing activities vary in the degree of muscular effort required as well as the ratio of effort
between muscular strength and muscular endurance. Some activities require more strength
than endurance, e.g. carrying heavy shopping bag or lifting a chest of drawers, while others
require more endurance, e.g. gardening or painting. 
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Minimum Guidelines to Improve Muscular Fitness.
The general guidelines as outlined by the American College of Sports Medicine in 2006 are as
follows:

These are only guidelines and a target for unfit individuals to work towards. Those with
specific strength, hypertrophy or endurance goals will need to increase all three areas
appropriately.



Level 2 GI - Module 7

Concepts of Fitness
The Strength Continuum
The relative intensity of any given exercise can be placed on a strength continuum according
to an individual’s muscular fitness. This continuum ranges from pure strength at one end to
muscular endurance at the other end. E.g. as you move away from the strength end, gains in
muscular strength diminish and the gains in muscular endurance increases.
What are the adaptations to resistance training?
The two components which make up the muscular fitness (muscular strength and muscular
endurance) are also applied when looking at the adaptations to resistance training.
Muscular strength adaptations
There is an increase in muscle size (hypertrophy) and muscle strength due to the extra
contractile proteins (actin and myosin) being formed during the repair process of the
microscopic tear in the muscle tissue during training. This repair will only occur properly if
there is adequate rest and nutrition.
There is an increased neuromuscular efficiency of the muscle fibre recruitment. This results in
more muscle fibres being asked to work, providing a stronger muscular contraction.
Muscular endurance adaptations
There is an increase supply of blood capillaries in and to the muscles
The mitochondria start to grow and divide providing more and bigger energy units
Increases in the amount of oxidative enzymes
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Delayed Onset of Muscular Soreness (DOMS): Thisis the pain and stiffness felt in muscles
about 24 to 72 hours after unaccustomed and/or strenuous exercise. Other symptoms
associated with DOMS are fatigue, muscle swelling and weakness. These are normal
responses to unusual exertion as the muscles adapt to new stresses and over time this
adaptation leads to greater muscle strength and endurance with the same activity no longer
resulting in soreness. The type of exercise that causes the most soreness is eccentric
(muscles lengthen whilst contracting) for example, running downhill, lowering weights,
downward motion of the squat, going down stairs.
The soreness will go away in 3-7 days. It is best to avoid vigorous exercise, although some
easy low-impact aerobic exercise is the best thing (Macintyre et al, 1995). This will increase
blood flow to the muscles, which will help reduce soreness. Gentle stretching may also help
along with a massage.
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Benefits of Muscular Strength and Endurance Training:
Increased bone density and regular muscle fitness training reduces the risk of osteoporosis
and bone fracture in later life.
Decrease body fat – regular muscle fitness training increases the resting metabolic rate and
therefore daily calorie expenditure.
Decrease blood pressure.
Decrease in blood cholesterol.
Improves self image.
Improves posture and core stability.
Decreases the risk of injury – increases mobility and stability of the joints, stronger muscles
and connective tissue result in a stronger body.
Special Populations and Muscular Fitness Training
Children: weight bearing exercises at the appropriate repetitions and resistance stimulates
bone growth. Very high strength training should be avoided as it may damage bone and
growth plates.
Pregnancy: the influence of the hormone relaxin effects joint stability, especially those in the
pelvis, by making the joints more lax. Because all of the joints are affected there is a greater
risk of injury. Supine lying positions should be avoided after the first trimester due to the
restriction of blood return to the heart and the pressure on internal organs.
Ageing: with age, metabolic rates tend to decrease due to the loss of muscle tissue which is
more a product of inactivity than ageing. Regular resistance training is an excellent way to
preserve muscle mass, prevent a reduction in metabolic rate and avoid putting on fat weight
with age. Muscular fitness training also reduces the risk of osteoporosis and bone fractures in
later life.
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Flexibility Fitness:
“Flexibility refers to the range of motion or movement of a joint or group of joints” (Egger,
Champion and Bolton, 2004).
Flexibility involves bones, joints, surrounding tissue, nervous system and, most importantly,
muscles and their connecting structures. One of the most important characteristics of muscles
is their ability to elongate or stretch. Therefore flexibility training ensures that this function can
be carried out to its full potential.
The ACSM (2006) recommends that flexibility exercises (e.g. stretching, yoga, etc.) should be
incorporated into the overall fitness programme sufficient to develop and maintain Range Of
Motion (ROM). These exercises should stretch the major muscle groups and be performed a
minimum of 2-3 times a week.
Factors Affecting Flexibility
Structure of the joint:
This is the biggest limiting factor in determining range of movement. You cannot force a joint
to move beyond its anatomically functional range, without risk of injury
The ligaments and tendons
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The function of the ligament is to bind bone to bone and support the joint. They allow
movement to occur, but are strong and inextensible, so as not to yield too easily to force. This
is because they are made mainly of collagenous fibres.
Opposing tissue bulk
If you have massive biceps then this will physically restrict the range of movement at the
elbow joint when trying to stretch the triceps
Gender
It is generally thought that females are more flexible than males however reasons for this are
uncertain. It may be attributed to structural and anatomical differences or different activities
and training experiences in early life. E.g. women have broader and shallower hips, thus they
have a greater potential for range of movement than men in this area.
Age
It is generally thought that the greatest improvement in flexibility occurs between the ages of 7
-15 years. As we get older, muscle contractility remains, whilst the elasticity is lost resulting in
tighter, stiffer muscles. There is also a reduction in activity levels as we age which will cause
reduced flexibility.
Time of Day
Individuals vary, some people feel more flexible in the evening and some in the morning. This
can be influenced by our own unique body rhythm called circadian rhythm which influences
blood pressure, body temperature, heart rate and hormone levels.
Temperature
An increase in temperature as a result from direct heat or the weather can increase the
elasticity of muscles and tendons and thus affect range of motion. Conversely, a decrease in
temperature can result in a decrease in flexibility by up to 20% (Wear, 1963).
Heredity
Some people are born with a naturally excessive range of motion. This can create a greater
potential for injury i.e. joint dislocation and it may be necessary to concentrate on
strengthening muscles to increase stability.
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Minimum Guidelines to Improve Flexibility

Methods of Stretching
Active: Active stretching is accomplished using antagonist muscles and without assistance
from an external force or object (Alter, 1998). It involves actively contracting one muscle or
muscle group in order to stretch its opposing muscle group. For example, pectorals actively
contract to stretch trapezius muscle and tibialis anterior actively contracts to stretch soleus
muscle.
Passive: this is where another body part or external factor, such as a wall, is used to facilitate
the stretch. For example, a lying hamstrings stretch where the hands are held behind the
thigh or on the calf. This method is used by physiotherapists to increase joint range and
muscle length. Applying the external force incorrectly, excessively or too quickly may cause
injury.
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Types of Stretching
StaticMaintenance – stretching is where the muscle is taken to the end of its normal range
and held without bouncing. These are short stretches, held for 10-15 seconds, and are used
to maintain the normal length of the muscle. During exercise the muscle becomes shorter and
thicker, this type of stretching helps to return the muscle to its normal length.
Take the stretch to the point where you can feel it, but it is not uncomfortable
Hold for 6 -15 seconds until the tension in the muscle has reduced
Static Developmental – these stretches are used in flexibility training to develop the length of
the fibres themselves, thereby increasing the range of movement at the joint. The following
guidelines should be used:
Take the stretch to the point where you can feel the stretch, maintaining good alignment and
posture.
Hold for a period of time until the tension within the muscle has reduced.
Relax and passively increase the ROM of the stretch until tension is felt again.
Again hold for 10 – 15 seconds, until the tension within the muscle reduces.
Again increase the ROM of the stretch until the tension is felt again.
Hold until tension reduces, then slowly return the limb to its normal position.
Repeat if desired.
Ballistic Stretching:
This technique involves the use of repetitive bouncing movements to quickly exaggerate the
joint ROM. The aim with this type of stretching is to use the momentum generated in the
movement to take the body part through a greater range of movement. The Level 2 Fitness
Instructor is not recommended to use this type of stretching as it may increase the risk of
injury due to excessive high tensions created.
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Dynamic Stretching:
This is similar to ballistic stretching, however, the limb movements do not end with bouncing
or jerking movements, but instead are performed under control. These stretches should mimic
the movements of the following sport or activity and act as a kind of rehearsal.
When to Stretch?
The flexibility component of fitness is normally incorporated into the warm up and cool down
section of an exercise programme, although stretching can be performed at any time of the
day appropriate to the client.
Warm up stretches (preparatory)
Stretches that are incorporated into the warm up section are known as preparatory stretches
and should follow the pulse raising cardiovascular warm up component of the session. The
aim is to reduce the likelihood of injury during the main component of the exercise session.
Warm up stretches “prepare the muscles” for the range of movement expected within the
workout. It is important to identify the major muscle groups that will be worked, as this will
determine which stretches to perform. Dynamic stretches that use exercises that mimic the
general movements in the main session form an effective ‘prep’ stretch session. Alternatively
static maintenance stretches can be used, these should be held for 6 -10 seconds.
Cool down stretches (maintenance and developmental)
The aim of these stretches is to maintain or improve the flexibility of an individual. By doing
maintenance static stretches the muscles are returned to their pre-exercise length after being
worked. If the client has specific muscles that are lacking flexibility, static developmental or a
form of passive stretch is advised. At the end of the work out session the muscles are at their
warmest and are more extendable
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The Benefits of Flexibility Include:
Promotes healthy muscles and joints.
Improves elasticity of muscles and connective tissue around joints, enhancing freedom of
movement.
Makes activities of daily living (turning, lifting and bending) easier to perform.
Helps prevent low-back and other spinal column problems.
Improves and maintains good postural alignment.
Promotes proper and graceful body movement.
Improves personal appearance and self-image.
Helps develop and maintain motor skills throughout life.
The importance of developing and maintaining an appropriate range of motion at all joints
should not be underestimated. The body operates as a kinetic chain with all joints contributing
to freedom of movement. If range of movement is diminished at one joint there will be a
knock-on effect up and down the chain as the body tries to compensate for the lack of normal
movement. If uncorrected, this process can lead to altered movement patterns, dysfunction,
pain and injury.
Special Populations and flexibility Training
Children: problems arise due to ‘soft joints’ and growth spurts. In very young children, joints
are still soft and can easily be injured if forced into certain positions
Pregnancy: there is and increased ability to achieve a greater range of movement due to the
hormone relaxin which increases the pliability of the connective tissue in readiness for birth.
Therefore you must be cautious to avoid permanent damage and advise the client to perform
short stretches only and avoid any developmental stretches
Ageing: increased muscle stiffness affects the muscle and the connective tissue decreasing
stretching potential amongst older exercises 
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The Principles of Training
The aim of this session is to cover the fundamental principles that form the foundation of any
good exercise session. The knowledge you learn in this session can then be manipulated
according to the individual’s goals and needs, to produce an appropriate exercise session for
the client. Before we look at these principles, we have to understand why we train?
Why do we train?
Training is a “methodical process” which aims to improve an individual’s fitness to meet their
goals.
During the training process we put stress upon the body which causes micro fibre damage to
the muscles, and uses up the fuel, water and salt within our cells. After the training session,
the body will adapt itself to “super-compensate” and prepare for the next bout of stress i.e. the
next training session.

To ensure that these adaptations occur, an individual needs a specifically planned training
programme, which incorporates factors such as how often do they train, how hard do they
train, what type of exercise should be done, and how long should the session last.
These factors come under the Principles of Training (outlined below) and need to be
understood, to allow you to design an appropriate session plan for an individual. This may be
one of the biggest challenges that you will have to face as a gym instructor as you will realise
there is not a universal programme that fits every one.
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Principles of Training
These basic training principles are intended to help you design an exercise session plan that
is specific and safe for an individual.
Overload Principle
Specificity Principle
Individuality Principle
Progression Principle
Reversibility Principle
Recovery Principle
Overload principle
Overloading is perhaps the fundamental principle of fitness. It is basically an increase in
demand to force bodily adaptation. A training load is the work or exercise that a client
performs in a training session. Loading is the process of applying training loads — training
programs.
When an individuals’ fitness is challenged by a new training load there is a response from the
body. This bodily response is called an adaptation. The initial response is fatigue. When the
loading stops there is a process of recovery. Recovery and adaptation take the individual to a
higher level of fitness from where he/she started.
The body’s ability to adapt explains how training works. You will see little or no improvements
in fitness unless you stress the body beyond its current capabilities. The body only develops
enough to do what is normally expected of it. So to see improvements, it is necessary to push
your body beyond the point you are at the moment i.e. it is to “overload” your current
capabilities.
If the training load is not great enough there is little or no increase in fitness level or athletic
performance. A loading that is too great can result in injury or illness or to the individual.
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So how do we translate this into designing a training programme?
To apply the overload principle we have to break it down into smaller components, namely:
The FITT principle:

It is safest to alter one of the factors at a time to overload the body and should be done in a
slow, systematic manner to allow gradual adaptations of the body to occur.
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The Principle of “Specificity”
This principle implies that to become better at a particular exercise and to reach a specific
goal, then you must perform that exercise or skill. To be a good cyclist, you must cycle. So, in
order for the training programme to be effective, it must be specific to the sport and to the
individuals’ exact needs. The Bulgarian weightlifting team, arguably the best in the last 20
years of international competition, has a similar motto: the body becomes its function.
 Basically, we are talking about how the body will “learn” to adapt to the training you inflict
upon it in a very specific manner.  This is why power lifters will not be taking first place at the
local marathon, nor will a marathon runner finish a 100-meter sprint in less than 15 seconds.
 These athletes are conditioned to their respective sports and not generally conditioned for top
performance in other sports.
Individuality
Different people respond differently to training and it is unrealistic to expect different people
who start and exercise programme together to be at the same place after a period of time.
These individual differences are due to the genetic make up, their personal commitment and
their level of physical and mental maturity.
Therefore, “training benefits are optimised when programmes are planned to meet the
individual needs and capacities of the participants” (McArdle, Katch and Katch, 1996). This is
because we each have an exclusive physiological composition and our hormones and
immune systems react differently from one another, which will influence the amount of stress
we can handle and improve under. These considerations along with our own individual
strengths and weaknesses should influence the training plan design.



Level 2 GI - Module 7

Concepts of Fitness
The following will also have an impact on an individuals’ capacity to train.
Heredity – or the genetics of an individual. This determines many physiological factors such
as heart and lung size, characteristics of muscle fibre, physique and balance. It also includes
the individuals body type e.g. ectomorphs, who have a lean build will be a better physiological
make up designed for endurance events. These factors will determine how the individual will
respond to a training programme.
Lifestyle – the way an individual lives their life has a great impact on their physical fitness.
Their everyday activities such as housework, walking to work, playing with the kids or pets, all
add up and contribute to our fitness levels. But negative lifestyle factors such as smoking,
drinking and substance abuse all have a negative impact on our physical fitness.
Age – In general, physical ability tends to decrease with age but it can be slowed down if the
individual takes part in regular activity.
Diet – Nutrition plays a crucial role in keeping our body systems functioning properly, by
providing the correct nutrients for growth repair and energy.
Reversibility Principle
This principle basically states that if you don’t train, you will loose it. If an individual does not
train on a regular basis, then the body will not adapt because there is no need for it to. Seiler
(2006) states that people are “economical”, meaning the body does not build proteins it does
not need and it does not retain proteins that are no longer needed. Therefore, we can say that
a week of no training and lying on the sofa will result in a loss in blood plasma volume.
However 3 months off will result in the loss of the adaptive foundations gained during a long
bout of regular training, i.e. muscle atrophy.
But there is good news for people who were really fit before they take a break, they will return
to their high fitness levels faster than those who have not been highly trained before.



Level 2 GI - Module 7

Concepts of Fitness
The Progression Principle
The Principle of Progression states that a gradual and systematic increase in the workload
over a period of time will result in improvements in fitness without risk of injury.If overload
occurs too slowly, improvements are unlikely, but overload that is increased too rapidly may
result in injury, muscle damage, or tissue damage. The Principle of Progression also stresses
the need for proper rest and recovery. Continual stress on the body and constant overload will
result in exhaustion and injury or overtraining.
To avoid any plateaus or decreases in performance the principle of progression and
periodisation needs to be applied. This can be done by ensuring programmes are changed
over time and overload is increased to ensure the adaptations continue. You can progress the
programme by manipulating one or more of the following: intensity, duration or frequency. The
general rule for progression is to first progress a programme by frequency, then by duration
and finally by intensity.
Periodisation is the planned progression and manipulation of the training variables over a
prolonged period of time. Varying the intensity and types of training in phases or cycles can
cause greater improvements in performance and decrease the risks of overtraining and injury.
Recovery Principle
Recovery is one of the most important principles. It is during the recovery phase that the
adaptations occur, therefore every training programme, needs periods of recovery. This may
be in the form of complete rest, or periods of lower intensity activity that allow the body to
adapt without increasing the stress placed on it.
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What are the special considerations for older and pre/post natal clients?
The older client
Physical activity offers one of the greatest opportunities for people to extend years of active,
independent life and reduce age limitations that impact on everyday life. The ACSM (2006),
states that the decline in physiological function can be slowed, or even reversed, with
exercise/activity intervention.  Although the benefits of exercise are unmistakable, how much
and what types of exercise needed to maintain and improve fitness is still somewhat
uncertain. Several studies and reviews suggest that older individuals have a higher physical
potential than what has previously been believed, although there are some considerations
that we need to take into account.
There is an increase in prevalence of coronary heart disease in older populations and
therefore it is vital that we screen older clients before prescribing them with an exercise plan.
Older people also tend to have a lower functional capacity; muscle weakness and de-
conditioning is more common in elderly persons.  All these contribute to the loss of
independence in advancing age (ACSM, 2006).
What are the additional screening considerations for older adults?
It is recommended that prior to exercise the use of the Physical Activity Readiness
Questionnaire (PAR-Q) or a similar questionnaire as a simple screening tool can be used in
conjunction with medical forms for physician evaluation. This should be followed by a review
of medications the individual is taking in order to assure there are no complications from the
drug during exercise.
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The older client should provide a medical history and clearance prior to any physical
assessment or activity. This is also the point at which you disclose the risks of an exercise
programme to them and obtain a consent form from their doctors, giving them clearance to
exercise (ACSM 2006). If a client is on medication, then they will need clearance from the
doctor to say that they are fine to exercise and that the drug does not cause any adverse side
effects to exercise, such as influencing the heart rate.  An interview should also be conducted
by having a simple conversation with a client.  By doing this you will be able to obtain a
description about the past and present experiences with physical activity and also gain an
overall appreciation of the health status (Cotton et al, 1998).
Basic Exercise Guidelines for Older Adult
The general principles of exercise apply to this age group and it is just as important to include
cardio respiratory, resistance and flexibility in an exercise plan for older people.
Cardio respiratory exercise: Older people should be encouraged to meet the population-wide
recommendations to accumulate at least 30mins of moderate-intensity activity on most days
of the week. This should include walking, gardening and climbing stairs. Individuals already
achieving this level will see more benefits if they are active or exercise for longer periods at
the same intensity, or increase the intensity for the same amount of time. But, it is
recommended that older individuals should initially increase exercise duration rather than
intensity in order to avoid injury and ensure safety. According to ACSM (2006), the types of
exercise that are beneficial for older people are walking (especially advantageous), aquatic
and stationary cycling (for those who cannot tolerate weight bearing activities). But the most
important aspect of the activity is fun, accessibility and convenience. A group setting provides
important social reinforcement. The intensity (how hard an individual works) should start off
low to minimize medical problems and then the individual can progress at their own rate, but it
must be conservative due to the variety of medical problems that many older people suffer.
Resistance exercise: Because muscular strength declines with age, it is vital that elderly
individuals participate in resistance training. This will improve mobility, help prevent falls and
fractures and slow down the effects of aging. The general guideline for resistance training can
be applied to the older adult (ACSM, 2006), but there are some common sense guidelines
which are specific for the older adult which include:
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The first resistance training session should be closely supervised and monitored by trained
personnel who are sensitive to the special needs and  capabilities of elderly people.
Perform one set of 8-10 exercises that use all the major muscle groups.
A set should involve 10-15 reps that should be somewhat hard (12-13 on RPE scale).
The initial progression should involve increasing the number of repetitions, as opposed to
increasing the resistance.
The exercise should be performed in a controlled manner and should be pain-free and within
their normal range of motion.
Exercises should use multipoint movements, as opposed to single joint movements.
In the initial stages machine exercises should be given, as they require less skill, protect the
back and allow the user to easily control the exercise.
Flexibility training: It is important that older adults have adequate range of motion in their
joints (i.e. flexibility) to maintain balance, agility and to be functionally capable, e.g. bending
and twisting (ACSM, 2006). Flexibility is also important in reducing the injury potential, e.g.
risk of muscle strains, low back pain and falls. Exercises should include all the major joints of
the body (hip, back, shoulder, knee, and upper trunk and neck regions).  This will help to
reduce the normal rate of decline in flexibility with age and improve balance and agility. The
general guidelines for flexibility training should be followed when introducing the flexibility
component of an exercise plan for older people.
Safety considerations:
There are some unique challenges for the elderly with exercise prescription. Since elderly
individuals have a lower proportion of total body water, they are more susceptible to
dehydration. Water intake needs to be regularly encouraged before, during and after exercise.
The elderly are more susceptible to cold injuries because of their decreased ability to perceive
ambient air temperatures adequately and respond appropriately. Therefore, clothing needs to
be layered to adjust to varying temperatures. Because of decreased sensory abilities, such as
eyesight and balance, it is best to perform exercise in well-light areas with user-friendly
equipment. Elders need to be educated to slow down and stop if they experience any warning
signs during exercise.
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Pre and Post Natal Clients
According to the ACSM (2006), healthy women who have an uncomplicated pregnancy do not
need to limit their exercise for fear of adverse effects and generally most recreational activities
appear safe during and after pregnancy.
What are the additional screening considerations for pre and post natal women?
As with older adults, pregnant and post natal women should get clearance from their doctors
before embarking on an exercise plan and you should receive a letter as proof of this medical
clearance. They will also need to complete the Physical Activity Readiness Questionnaire
(PAR-Q) or a similar questionnaire. For informed consent, you should offer an explanation of
the theoretic causes of concern, balanced with a reminder that clinical studies to date have
shown no adverse effects from moderate exercise.
Contraindications (Reasons not) to Exercise
Although data are sparse, there appears to be no reason why pregnant women who are in
good health should not be permitted to engage in exercise.  However, vigorous or very
strenuous exercise is not appropriate for pregnant women and the intensity should always be
moderate.  High temperatures should also be avoided as it can cause the foetus thermal
stress as the mother fails to lose heat effectively.  Ensure the client remains relatively cool,
and if starting to get hot, lower the intensity or pause to cool.
In addition, women with certain other medical or obstetric conditions, including chronic
hypertension, active thyroid, cardiac, vascular or pulmonary disease should be evaluated
carefully in order to determine whether an exercise programme is appropriate.  
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The table below shows the relative and absolute contraindications for exercise during
pregnancy.
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It is generally agreed that most recreational pursuits are appropriate for all pregnant women.
Those already engaged in an exercise programme prior to pregnancy may continue with
moderate intensity and moderate levels of exercise until the third trimester (up until 6 months)
and then a reduction in activity is recommended (American College of Obstetricians and
Gynecologists, 2002).
Once a woman has given birth, exercise does not seem to affect the milk produced for
feeding the baby, but the physiological changes that are associated with pregnancy persist for
4 to 6 weeks after birth. Therefore the exercise programmes should be resumed gradually
after 6 weeks.  Where complications are involved then GP consent is required.
NB:   All post operative clients will need to be dealt with by a qualified GP Referral Instructor
Basic exercise guidelines for pre and post natal Clients
Women already involved in exercise can continue their exercise regime with small
modifications to intensity and duration towards the latter stages of the pregnancy.  There may
be symptoms, discomforts and risk associated with joint laxity and increase in body weight,
and if these are present then exercise should be reduced until these symptoms disappear.
 The intensity, duration and frequency of exercise should start at a level that does not result in
pain, shortness of breath or excessive fatigue and should follow the basic exercise guidelines
for exercise.
In the absence of either medical or obstetric complications, 30-40 minutes or more of
moderate physical activity on most days of the week is recommended (ACSM, 2006). Women
who were sedentary and are new to exercise prior to pregnancy should begin with light
intensity exercise that are low or no impact such as walking and swimming.  Exercise may
then progress at a rate that avoids significant discomfort.
Clients should be counselled to perform frequent self-assessments of physical conditioning
and well-being, including hydration, caloric intake, and quality of rest and presence of muscle
or joint pain. It should be stressed that decreases in exercise performance are common,
especially later in pregnancy. The goal is to allow the pregnant patient to obtain the maximal
benefits of general well-being derived from exercise, while ensuring that no detrimental effects
occur in the mother or the foetus.
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Posture
It is important to remember that during the later stages of pregnancy the posture of a pregnant
woman can alter; therefore it is important to make flexibility and core-stabilization training an
important priority.
Position
It is advised that a woman, who is over 12 weeks pregnant, should not perform exercises in a
prone (on her stomach) or supine (on her back) position.
Intensity
High intensity exercises should be avoided.
Abdominal training
Activities that incur the risk of foetal and maternal injury from abdominal trauma should be
avoided, and this means avoiding intensive or lengthy abdominal workouts.
Temperature
Any activity that causes the client to get very hot should also be avoided and keeping
relatively cool is an important message for pregnant women.
Hydration
The importance of maintaining adequate hydration should be emphasised. Drinking up to ½
litre of liquid before exercising and 250ml every 20 minutes during exercise should be
sufficient to maintain adequate hydration. Even if the client is not thirsty following exercise,
she should drink enough liquid to replenish lost fluids. It is common to lose up to 1 litre of
water per hour in sweat and on the breath.
Resistance training
Prolonged periods of motionless standing or lying on the back are associated with decreased
cardiac output in pregnancy. Isometric exercise such as weight lifting should be avoided
because they may result reducing blood flow to the foetus.
General
Activities that require exceptional balance or extreme range of motion should be avoided in
late pregnancy. The patient should also be discouraged from performing exercises that
involve sudden changes in body position. The shift in centre of gravity may result in increased
instability and a greater risk of falls.
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Healthy Eating Guidelines
In this current day and age there couldn’t be more focus on food.  We’re bombarded with
information everyday about what foods are good for us and what we should avoid. Your job as
a fitness professional requires you to promote health, therefore it is essential you have a basic
understanding and concept of nutrition and healthy eating.  We have heard the evidence that
eating the right types of foods will  protect against a number of illnesses and diseases
including certain cancers and cardiovascular disease (Genkinger et al., 2004);  (Joshipura et
al., 2001). Yet despite all the available information many of us are still avoiding foods that
carry exceptional health benefits and worst still consuming on a daily basis certain foods that
may in fact may be detrimental to our health.
Why should we care what we eat?
The human genome dates back over 40,000 years ago when man was a “hunter-gatherer”
and consumed a diet consisting of over 90 percent plant-derived foods compared to about 30
percent in the modern diet. Where as our modern diet is largely derived from animal sources
which are higher in fat, lower in fibre, and poorer in micronutrients especially antioxidants. As
a hunter gather we ate for survival, but nowadays this need is often overlooked and we eat
food increasingly for pleasure and taste.
Food or Chemistry
Advances in food technology, particularly in the last 50 years, has had a significant impact on
the quality of the diet and the variety of foods available. Food manufacturers have responded
to the desires of the consumer for foods which provide particular tastes or textures, and most
importantly convenience!



Level 2 GI - Module 7

Concepts of Fitness
We have lost touch with what we are actually eating and seem happy to stand back while
manufactures experiment by adding numerous food additives and chemicals to our food. As
long as it tastes good, why do we care?  It’s no wonder that we show little interest in reading
food labels, when we can’t understand what half the ingredients are. For example, the text
below, lists just the flavourings that are found in a Burger King Strawberry Milkshake:
From: Fast food nation Eric Schlosser 2001
In this image conscious day and age we spend billions of pounds every year on health care
products that promise us better skin or hair, make us look younger, give us more energy, and
help us lose weight. One in every three women is on a diet at any time, and countless money
is wasted on fad diets and unproven remedies for weight loss. Why aren’t they successful?
The answer is, because we fail to actually make significant changes to our food choices and
our lifestyle. Instead we try to keep the poor quality processed foods in place and try to work
round them. Trying to find “better” versions of processed foods i.e. lower in fat, less sugar,
added vitamins!!
Large supermarkets will store over 25,000 different products yet we probably purchase no
more than 50 different ones. How do we choose what makes it in the shopping trolley and
why? As a nation we are particularly bad at trying new foods. We are stuck in the same
routines, eating the same foods day in day out. In our desire to have everything and do
everything our convenience lifestyle means that we no longer have the skills to prepare and
cooks meals, in fact half the time we do not even care what is in the food as long as we can
cook and eat it in the space of 10 mins.
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It’s no surprise that we struggle to encourage children to have a more varied diet when so
many adults turn their nose up at foods they don’t like the sound of, or don’t think that they will
enjoy. We regularly make these judgements about foods, before they have even been tried.
Balance of Good Health Plate (adapted from The Food Standards Agency)
The ‘Balance of Good Health’, (developed by the Health Education Authority, The Ministry of
Agriculture and the Department of Health) portrays a diagram of aplate that demonstrates the
types and proportions of foods which are essential in a balanced diet. This model is a
guideline to follow for daily or a weekly consumption of food so it is not essential to attain this
balance for every meal. The guide is relevant to everyone together with people who are
overweight, vegetarians and people of all ethnic origins. But it does “not apply to children
under two years of age and people with special dietary requirements.
The first resistance training session should be closely supervised and monitored by trained
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How much food do we need?
One flaw in the Balance of Good Health model is that it doesn’t stipulate the correct portion
sizes. The tables below offers helpful advice on ‘what constitutes a portion size’
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Recommendations for a Healthy Diet
A healthy diet contains a wide range of fresh fruit and vegetables, whole grains, pulses, nuts
and seeds, rich in important disease-busting antioxidants. A healthy diet should contain a
good source of essential polyunsaturated fatty acids including the omega-3 fatty acids known
to protect heart health. On the other hand, a healthy diet should be low in saturated fat,
animal protein and cholesterol for which we have no dietary requirement.
Eat more fruit and vegetables – 5 a day
Fruit and vegetables, whilst containing carbohydrates also bring good quantities of other vital
nutrients such as fibre, vitamins, minerals and many phyto-chemicals, which are highly
recommended.It has been suggested that the high concentration of antioxidants in blood may
be one of the reasons for the lower incidence of chronic diseases in people consuming a
plant-based diet rich in fruit and vegetables. The average intake in the UK is 2 portions a day
for children and 3 portions for adults. It is thought that as much as 20% of children have no
fruit and vegetable intake at all.
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Eat the right types of fats
Reduce saturated fats – Fats that come from animals are highly saturated and these types of
fat are linked to excess cholesterol and Cardiovascular disease.  Replace saturated fats with
mono and poly unsaturated fats (from plants) to help maintain HDL cholesterol and provide
your essential omega 3 fats.
Eat More Unrefined Grains
The best carbohydrate foods are wholegrain bread, wholegrain cereals, pasta, rice, noodles,
porridge oats; crackers etc. complex carbohydrates not only provide a valuable energy supply
but provide other important nutrients including B vitamins, iron, zinc, magnesium and fibre. A
healthy diet provides plenty of fibre protecting against a range of diseases including colorectal
cancer.
Eat more Beans & pulses (legumes)
The bean family is a group of highly nutritious foods that are an excellent source of complex
carbohydrate, dietary fibre and protein.  In addition beans are a good source of B vitamins,
and minerals such as calcium, potassium and iron.  Look for Black beans, Lima beans, Broad
beans, Butter beans, Kidney beans, Pinto beans, Soya beans, Adzuki beans, Mung beans
and peas, chick peas, and lentils.
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INTRODUCTION
The main aim for a gym instructor is to assist an individual in improving their health and
physical fitness by giving inductions to new gym members and writing programme cards for
existing members in line with their fitness levels and training goals. Before you can do this,
you need to understand several principles. This chapter will cover these “Principles of
Training” and how to apply them to the components of fitness (cardiovascular, muscular and
flexibility fitness). By the end of the chapter you will have the knowledge needed to design
effective exercise sessions.
Objectives
By the end of this chapter, you should be able to answer the following:
Identify the principles of training to improve fitness: overload, frequency, intensity, time,
specificity, reversibility.
Recognise the American College of Sports Medicine (ACSM) guidelines
Recognise how to apply the principles of training to improve all components of physical
fitness.
Identify specific physiological adaptations to regular: cardiovascular, muscular strength and
endurance and flexibility training.
Identify methods of training to improve all components of physical fitness
Session 1: How to Train for Cardiovascular Fitness
Cardiovascular fitness is defined:
as the ability to take in, transport and utilise oxygen.
any activity that is rhythmic in nature, continuous and uses large muscle groups under low to
moderate tension over an extended period of time. This type of exercise is frequently referred
to as ‘aerobic exercise’.
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Why is cardiovascular fitness important to us?
All daily activities use the cardiovascular system to provide oxygen to the cells, in order to
produce energy to sustain that particular activity, or to recover the oxygen debt from an
exercise (Brook et al, 1996).
Compared to unfit individuals, aerobically trained adults live longer and enjoy a better quality
of life (Blair et al. 2001). In March 1996, the health Education Authority and the Sports Council
launched a national physical activity campaign called ‘Active for Life’. The main message of
this campaign was that the English population could substantially improve their health and
quality of life by including regular moderate intensity (50% – 69% Max HR), physical activity
into their daily lives.
Benefits of Cardiovascular Training
Increased stroke volume ( amount of blood leaving the heart per beat)
Decreased in resting heart rate
Decreased in resting blood pressure (both systolic and diastolic)
Increase in capilliarisation ( number of capillaries)
Increase in the size and number of mitochondria
Increase in number of red blood cells
Increase in aerobic enzyme activity
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Improvements to Cardiovascular Health and Physical Performance can:
Decrease incidence of coronary heart disease (CHD)
Improvements in self esteem
Improvements in ability to recover during and after training
Decreased percentage body fat
Increased burning of fat at higher exercise intensities thus sparing glycogen
Ability to work aerobically at higher exercise intensities
Current guidelines from The American College of Sports Medicine (ACSM) state that
cardiovascular fitness is increased by manipulating;
exercise frequency
exercise intensity
exercise duration
How to Apply the Training Principles to Improve Cardiovascular Fitness
The American College of Sports Medicine (ACSM) (1998) has identified there is a difference
in the frequency, duration and intensity of exercise needed for Fitness improvements
compared to Health improvements.
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The table below shows the different parameters used for improved Health compared to the
recommendations for improvements for Fitness levels.

Remember: It is important to consider the individual’s needs, goals and initial abilities. People
who have been previously sedentary should start an exercise programme with short sessions
(5-10mins) of moderate activity and gradually build on it.
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Considerations for Programme Design
According to McArdle, Katch and Katch (1996) there are two important goals of training the
cardiovascular system, which should form the basis of your programme design. These are:
The development of the functional capacity of the circulation system. That is, the training
‘stress’ must be enough to increase the stroke volume and cardiac output of an individual.
The second goal is to enhance the aerobic capacity of the specific muscles. I.e. the capacity
of the muscles to receive and process oxygen and expel waste products.

Consider the journey of oxygen from the air down to the working muscles and the adaptations
that will occur through cardiovascular exercise;
The Lungs – In order to take in more oxygen, the lungs must become more efficient by
utilising more of the available lung tissue. If more air is sucked into the lungs, more oxygen is
available to be exchanged into the blood system for carbon dioxide.
The Blood – There needs to be an increase in blood volume and the number of red blood
cells in order to transport the increased amount of oxygen around the body.
The Heart – The left ventricle will increase in size and the walls will become thicker to allow
for the increase in stroke volume. This may be accompanied by a lower resting heart rate as
the same amount of blood can be pumped out in one minute with fewer beats.
Blood Capillaries – There is an increase in blood capillaries through dormant ones becoming
active again and the manufacture of new ones.
The muscles – There is an increase in the size and number of mitochondria plus an increase
in aerobic enzyme activity. This results in the muscle being more efficient at using oxygen and
fat at any given time. At certain intensities the muscles can therefore clear lactic acid more
quickly and the individual can exercise at a higher intensity for longer.
The Bones – Weight bearing CV activities can result in improvements in bone density due to
the body’s natural repair response to take up more mineral salts after the bone have been
stressed.
Blood Fat Profile – Regular CV exercise improves the blood fat (lipid) profile by causing more
fat to be carried as high density lipo-proteins (HDL) rather than low density lipo-proteins
(LDL). LDLs can stick to the walls of blood vessels leading to atherosclerosis or atheroma.
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The progressive principle: As the body adapts to the initial overload, a programme must
contain progression in order to achieve training gains. This must be done gradually and
progressively to avoid injury and overtraining. For example, see the table below for an
individual training for CV fitness

Remember that an initial exercise plan must be reviewed after a set number of weeks, to
ensure the individual is continuing to achieve training gains.
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Specificity principle:
This principle is fairly easy to apply. If an individuals’ goal is to run a 10km race, don’t set their
training programme in the swimming pool. However you may include cross training days such
as swimming on one of their recovery days for example.
There are various approaches to cardiovascular training to attain specific goals and avoid a
plateau:

Long slow duration (LSD) training
Interval training
Fartlek training

Long Slow Duration (LSD) Training (Continuous)
This can be classified into 2 categories, ‘continuous short’ which is up to 60 minutes duration
and ‘continuous long’ which is 60 minutes plus.
With continuous short, the majority of gym CV sessions will fall into this category and the
intensity is usually light or moderate if the client is looking for health related benefits and/or
weight control. Well trained clients may workout at much higher intensity which is classed as
‘Tempo’ training.  This entails running at just below the level of anaerobic threshold and can
be very uncomfortable. The emphasis here is on performance benefits.

Continuous long sessions are for the well trained client with a definite performance goal. This
type of training is used by endurance athletes such as marathon runners or tri-athletes. The
intensity in this doesn’t challenge the client but the duration does. The following adaptations
are specific to this type of training;
Increased mitochondria size and number
Increased capillary density
Increased ability to utilise fat as a fuel rather than carbohydrate.
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Interval Training
This type of training contains structured periods of exercise ranging from a few minutes to just
a few seconds with periods of rest/recovery immediately following. The main aim of interval
training is to develop the aerobic energy system however, depending on the client the work
intervals can be taken to a much higher intensity including above their anaerobic threshold.
An interval training programme is based on the following considerations (McArdle, Katch and
Katch, 1996):
Intensity of exercise
Duration of exercise interval
Length of recovery
Number of repetitions of the interval
Exercising at higher intensities (which is the case in most sports and activities) can only be
maintained for a couple of minutes, due to oxygen demand being outstripped by oxygen
supply. Therefore, to maintain a higher intensity of exercise, the lactic acid energy system is
also utilized.
Interval training improves the body’s ability to tolerate lactic acid and the rate at which it can
remove this from the blood. It therefore delays the onset of fatigue and increases
performance.



Level 2 GI - Module 8

How to Train a Client

The work and rest intervals are planned fairly rigidly in advance. For examples, see the table
below; (Guidelines for Interval Training (Lamb, D.R. 1978))
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Guidelines for Interval Training (Lamb, D.R. 1978)
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Fartlek Training
This name has come from the Swedish word meaning “speed play”, it involves random use of
different speeds and is a type of unstructured interval training. As the intensity or speed of the
exercise varies, aerobic and anaerobic systems can be put under stress. Most Fartlek
sessions last between 20 and 45 minutes and can vary from aerobic walking to anaerobic
sprinting. Fartlek training is generally associated with running, but can include almost any kind
of cardiovascular exercise.
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Prescribing Cardiovascular Exercise
Exercise Intensity and Heart Rate
The ACSM guidelines prescribe aerobic exercise intensity in terms of VIGOROUS and
MODERATE. Exercise intensity refers to the degree of difficulty experienced during exercise.
A simple measure for particularly aerobic work is to use heart rate.
Resting Heart Rate varies tremendously between individuals and is affected by age, gender
and fitness level. Women generally have slightly higher resting heart rates (5-10 bpm) due to
their proportionately smaller hearts. The average adult resting heart rate is between 60-80
bpm.
Maximum Heart Rate is the maximum number of times in one minute that your heart can
contract when exercising. Exercise intensity for aerobic work is usually expressed as a
percentage of maximum heart rate (%MHR).
The simplest way to calculate this is using the Age-adjusted Maximum Heart Rate Formula
which is;
220 – your age = MHR
This is obviously a simple method and can be inaccurate if you are dealing with a well trained
older client. The most accurate way to determine MHR is a maximal stress test (VO2 max)
usually performed on a treadmill or exercise bike under laboratory conditions
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The Four Heart Rate Zones of Aerobic Training
The tables below show four training zones, each zone will assist in achieving specific
cardiovascular health, fitness or performance goals.
Light Activity aerobic zone::
This zone is 50% – 60% of max heart rate and is the level of intensity most people find
comfortable. This zone may be used as the “recovery zone” and the “warm up zone”. It is also
the zone that is mainly used for de-conditioned or sedentary people, as it is a realistic first
step for those who want to improve their CV fitness and health status.
Fat burning/ Weight management
The fat burning zone is a concept that the body burns a greater percentage of the overall
calories used from fats (rather than glycogen) at these lower intensities (from 55-70% MHR)
than it does at higher intensities. Thus this zone helps to increase the amount of fat that is
used as a fuel when exercising. In reality, more overall calories are burnt during higher
intensity exercise; however untrained clients cannot maintain this for long periods of time.
If a client wants to lose fat this can only be achieved if more energy is being burned compared
to how much is being eaten. This assumption comes from the Energy balance equation which
is;
Energy in = Energy out for our weight to stay the same.
Energy in < Energy Out to lose weight
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The Fat Burning Zone works, if the individual has a low fitness level and has a high body fat
percentage. However, as they become more trained, this zone becomes less effective, the
exercise intensity needs to increase in order to burn as many calories as possible in the time
allowed.
Remember: to lose one pound of weight, you need to have a deficit of 3500kcal (1gm fat =
9kcal). This can be achieved by manipulating both sides of the equation, i.e. decrease energy
in and increase energy out.
The Aerobic Fitness Zone
This is from 70-80% of Max HR and is the zone which brings about the most substantial
improvements to cardiovascular fitness. This zone uses mainly carbohydrates has their
energy source. It is often referred to as the “training sensitive zone” (McArdle, Katch and
Katch, 1996), which is the recommended training zone to improve the aerobic system. It
improves the efficiency of the heart, lungs, circulation and red muscle fibres. This zone is
often used as the endurance base for more intense aerobic exercises.
The Peak Aerobic (optimal conditioning) Zone
This is 80-90% of Max HR, and is recommended for those individuals who are looking to
improve their anaerobic threshold, i.e. the pointat which they start to become out of breath
and lactic acid builds up faster than the blood can clear it, thus the point at which the athlete
becomes fatigued. It also improves the efficiency of white muscle fibres.
How to work out training heart rate range:
Training Heart Rate Range = Maximal predicted heart rate x % of intensity range x 1.15.
For Example:
A 50 year old man for whom a 60% to 70% maximal heart rate is desired:
220 – 50 = 170 x .60 = 102 x 1.15 = 117.3 (60% lower limit exercise rate)
220 – 50 = 170 x .70 = 119 x 1.15 = 136.9 (70% higher limit exercise rate)
This person would exercise at between 117 – 136 bpm.
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Monitoring Exercise Intensity

Monitoring exercise intensity is necessary for both the safety and effectiveness of the exercise
session. It can provide useful information to determine the effectiveness of the individual
session and provide a benchmark which future sessions can be compared against.

For the gym instructor to ensure the client is working to the desired intensity there are a
number of skills and techniques which can be used. The choice is dependent on the
experience and goals of the client.

Heart rate monitors
Manual pulse checks
Rate of perceived exertion (RPE)
Talk test
Observation

Heart Rate
Heart rate monitors are a more accurate way of monitoring exercise intensity and whilst very
useful, it must be remembered that individuals respond very differently to exercise and the
example calculations above are based on the general population rather than the trained
athlete. The only way of truly determining an individuals’ maximum heart rate is under
laboratory conditions. However heart rate monitoring is a useful tool to benchmark
progressions in cardiovascular fitness.
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Rate of perceived exertion (RPE)
This method was developed by a Scandinavian physiologist called Gunnar Borg and is a
scale of how hard an individual feels they are working when they exercise. The client needs to
consider all the symptoms of exertion such as breathing, muscular fatigue and the subjective
feeling of effort. The classic ‘Borg’ scale given below rates effort between 6 and 20.
Research has shown that RPE relates to heart rate with some accuracy.
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Subjective Methods
These include the talk test and observations. The talk test is a useful tool to use with
inexperienced clients.  As a trainer you can gage how hard your client is working depending
on whether they can comfortably hold a conversation with you whilst exercising or whether
they can only manage to say the odd word. Observations such as sweating, redness,
breathlessness and loss of good form may provide some general indication of fatigue but the
instructor must utilize their observation skills and be aware that individuals react very
differently to exertion.
Can You?
Now try and answer these questions as they form the foundation of your assessment.
Brainstorm each question, write down all you know on the topic, then refer back to the manual
to help fill in the gaps if necessary.
Describe the physiological and health related changes that occur as a result of aerobic
training.
Understand and describe the different types of aerobic activity and training zones?
Describe the FITTA principles in relation to aerobic training
Outline the ACSM guidelines for cardiovascular training to improve both fitness and health?
Apply the training guidelines to session design?
Describe the different methods of monitoring the intensity of a cardiovascular system.
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Training for Muscular Fitness
Muscular fitness has a very important part to play in everyday life. It determines the mobility of
an individual when performing simple tasks, such as getting out the bath, or the chair, or
carrying shopping bags. According to the ACSM (1998), “resistance training should be an
integral part of an adult fitness programme and of a sufficient intensity to enhance strength,
muscular endurance, and maintain fat-free mass”.
Muscular fitness can be divided into two categories Muscular Strength and Muscular
Endurance

Muscular (Resistance) Training Terminology:
Below are definitions of key terms you need to be aware of when planning a resistance
training programme:
Repetitions: A repetition is one complete movement of an exercise. It is a cycle of muscular
contractions, which for most exercises will be one concentric and one eccentric muscle action.
For example a full bicep curl.
Sets: A set is a group of repetitions performed continuously without stopping. The number of
repetitions in a set is usually between 1 – 20 repetitions, depending on the goal of the
individual.
Repetition Maximum (RM): This is the maximum number of repetitions at a given resistance
that can be performed in a set with proper technique. 1RM means the maximum weight that
can be lifted once (effectively maximal muscular strength). A 10-15RM target means that
momentary voluntary fatigue would occur in between the tenth and fifteenth repetitions. RM is
usually used as a guide for the load or weight.
Intensity: Refers to how much effort is applied to an exercise, not the amount of fatigue
encountered or how hard an exercise feels (relative intensity). In the case of resistance
training, 1 RM would equate to maximum intensity. Intensity of an exercise can be estimated
as a percentage of the 1RM. Unlike cardiovascular exercise, intensity in resistance training
does not correlate with heart rate.
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Volume: Training volume is the total number of repetitions performed in a training session or
the total amount of weight lifted (load) in a session
Delayed Onset of Muscular Soreness (DOMS):Thisis the pain and stiffness felt in muscles
about 24 to 72 hours after unaccustomed and/or strenuous exercise. Other symptoms
associated with DOMS are fatigue, muscle swelling and weakness. These are normal
responses to unusual exertion as the muscles adapt to new stresses and over time this
adaptation leads to greater muscle strength and endurance with the same activity no longer
resulting in soreness. The type of exercise that causes the most soreness is eccentric
(muscles lengthen whilst contracting) for example, running downhill, lowering weights,
downward motion of the squat, going down stairs. The soreness will go away in 3-7 days. It is
best to avoid vigorous exercise, although some easy low-impact aerobic exercise is the best
thing (Macintyre et al, 1995). This will increase blood flow to the muscles, which will help
reduce soreness. Gentle stretching may also help along with a massage.

Compound and Isolation Exercises: Compound exercises are defined as multi-joint exercises,
or those that involve more than one joint. Isolation exercises involve one joint. E.g. the squat
is a compound exercise that involves the hip, knee and ankle joints; the leg extension only
involves the knee joint and therefore is an isolation exercise.
Compound exercises rely on good neuromuscular co-ordination between agonists,
antagonist, synergists and fixators. As more muscle groups are utilised during compound
work, more weight can be lifted and functional movement can be more efficiently trained. This
is especially valid for sports specific training and rehabilitation, as long as the correct
technique is adhered to. Compound exercises are therefore best performed early in the
workout when the client is free from both neural and metabolic fatigue. This is especially true
for beginners who potentially have a limited capacity to perform exercise prior to fatigue as
well as poor motor skills due to inexperience.
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Hypertrophy:  ‘Muscle mass’, ‘muscle bulk’, ‘building up’ are just a few of the layman’s terms
used to describe muscle hypertrophy. Hypertrophy is simply referring to muscular
enlargement and is brought on predominantly by an increase in the cross sectional area of
muscle fibres. The process of hypertrophy, to increase fibre size, therefore, muscle size,
involves two main processes:
Increased sarcoplasmic volume, this involves increased levels of both non-contractile protein
and inter-fibre plasma. This would lead to increases in the cross sectional area of muscle
without significant increases in force production (strength).
Increased sarcomere hypertrophy is characterized by an increase in the contractile protein
content of muscle fibres (actin and myosin). This type of hypertrophy would significantly
increase the force production potential of the muscle fibres contained within a skeletal muscle.
Current research by Siff (2003) shows that the longer and more strenuous the submaximal
loading, the less there is sarcomere hypertophy and the more there is sarcoplasmic
hypertophy. This may be beneficial to body builders who are training for increases in muscle
cross-sectional area with little or no concern for athletic performance improvements.
Benefits of Resistance Training
Causes little to no change in total body mass, but increases fat free mass, decreases fat
mass and relative body fat percentage
Increases muscular endurance, strength and power
Increases metabolic rate
Increases in strength and size of ligaments, tendons and muscles
Increases bone density/strength and muscle capillary density
Improves posture and proprioception
Strength gains are influenced by increases in neural drive due to an increase in activation of
motor units
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Types of Resistance Training Equipment
Free weights: e.g. dumbbells, barbells, kettlebells etc. These types of exercises can help to
improve posture, proprioception and balance in addition to the muscular fitness gains.
However, learning the correct technique is very important and some beginners need to be
constantly checked and monitored to ensure good form and minimise the risk of injury.
Resistance machines including cables: e.g. leg press, seated shoulder press. These
machines support the body more than free weight exercises therefore do not initiate the
activation of core stability muscles in the same way. Beginners often find the technique easier
to master and therefore build confidence more quickly.
Body weight: These exercises can be simply adapted for strength or endurance by increasing
the length of the lever, changing body position or the angle of movement.
Manual resistance: e.g. that applied by a partner or opposing limb
Portable Equipment: Rubber bands/dynabands, Kettlebells, Suspension training
Water (hydrotherapy): This is useful during stages of rehabilitation or for the overweight/obese
client.
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Advantages and disadvantages of the main choices are summarised in the following tables.
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Cables

Appling the Training Principles to Resistance Training
Resistance training can be defined as loading or applying resistance to the muscles to
improve muscular strength and endurance. Designing a resistance training programme should
include training goals to improve both muscular strength and endurance (ACSM, 2006).
In order to achieve gains in muscular fitness the basic training principles need to be applied.
Overload
Specificity
Progression
Recovery, reversibility and over training
FITT Principle
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The Overload Principle:
We became familiar with the overload principle when we looked at cardiovascular training
principles. Just to recap the overload principles states:
®  For improvements to take place, you need to challenge the muscles (increase workload) to
impose a demand (overload) on the body.
®  The muscle will adapt by growing larger and stronger (Brooks et al, 1996)
®  Improvements are related to the intensity, duration and frequency (see the FITT principle
for more detail).
The improvements that take place due to this overload are achieved by the recruitment of a
greater proportion of muscle fibers than before.  This then increases the ability of the muscles
to generate a stronger contraction.
Specificity Principle:
The relative intensity of a given exercise can be placed on a strength continuum. This ranges
from absolute strength (1 RM) to muscular endurance (12 reps plus). A resistance training
programme should be designed with the clients’ goals in mind and take account of their
current fitness levels.
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The table below outlines the recommendations which lead to gains in muscular strength,
hypertrophy and muscular endurance. It incorporates the FITT principles of overload and
includes the appropriate number of repetitions, number of sets and rest periods between sets
necessary to achieve the desired gains.

*Adapted FROM Baechle and Earle (2000)
VERY IMPORTANT: Weights should be prescribed so that the desired number of repetitions
can just be achieved i.e. the client reaches overload at the end of each set..
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When training with resistance equipment, it is easy to increase or decrease the resistance to
work towards muscular strength or muscular endurance. However when using body weight,
you need to take a more ‘scientific’ approach by altering the body position, lever length or
exercise angle to achieve the desired strength or endurance goal (detailed later in the
chapter).
Minimum Guidelines to Improve Muscular Fitness.
The general guidelines as outlined by the American College of Sports Medicine in 2006 are as
follows;
•Frequency – 2 x week
•Intensity – one set of 8-12 repetitions at 75% of the respective 1 R.M,
8-10 exercises covering the large muscle groups
Slow to moderate speed
•Time – Approximately 20mins
These are only guidelines and a target for unfit individuals to work towards. Those with
specific strength, hypertrophy or endurance goals will need to increase all three areas
appropriately.
Progressive principle:
As the body adapts to a workload and you can complete the prescribed number of repetitions
without feeling challenged it is necessary to then increase the workload in order to progress.
With respect to muscular endurance, it is advisable to increase the resistance rather than the
number of reps once you can perform 25 rather than increase the number of repetitions.
Progression means that when an overload is applied it should be gradual and sufficient
enough to bring about an adaptation, but it should not be excessive. Excessive increases in
resistance may lead to poor technique, increased risk of injury and overtraining. Delayed
onset of muscular soreness is a typical example of excessive stimulus being applied.
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Recovery principle:
One theory is that weight training cause micro-trauma to the muscle, and during the rest
period these traumas are not only repaired, but the muscle adapts by making the muscle,
tendons and ligaments stronger than before. Therefore, every resistance training programme
must have adequate time for this repair and growth to occur. The time for repair and growth is
normally completed within the 36-96 hour period, although it does depend on the intensity of
the workout (Berardi 2002).

Reversibility principle:
Unfortunately the body cannot store fitness, therefore gains in muscular strength and
endurance can be lost if the muscles are not stimulated to the same degree. This means most
of the improvements and adaptations that occur during training can be reversed. Continued
lack of resistance training will result in muscle wastage, known as muscle atrophy.

During aging (particularly between the ages of 50 -70) there is a gradual decrease in the
ability to maintain skeletal muscle function and mass. An active lifestyle with regular
resistance training can help offset muscle atrophy considerably.

Designing a Resistance Training Session
Effective programme design is a key skill that fitness professionals need to develop in order to
ensure long term progress and success for their clients. Clients are only likely to retain the
services of a trainer long term if they continue to make progress towards their objectives.
Such progress requires the design and implementation of a series of logically progressive
training phases, with each phase building on the foundation of the previous one.
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Unfortunately, too many individuals in the fitness industry fail to grasp the importance of
progressive programme design. The inevitable consequence is a lack of progress, customer
dissatisfaction and poor client retention for the trainer.
In order to plan an appropriate individual client programme the trainer needs to consider the
variables of sets, repetitions, rest, intensities and frequency. It is best to start with the basic
principles as outlined in the Specificity Principle section above.
Choosing the appropriate training variables:
When selecting a weekly workout frequency, the trainer needs to consider the training age of
the client.
This is how long they have been training combined with their experience with different
exercise modalities. Training a complete novice (training age of zero) will be completely
different from training a client with a history of five years of structured and progressive
resistance training. It is however important to appreciate that year of lifting experience in the
gym does not automatically qualify an individual to be considered an advanced exerciser. It is
common to find individuals that have been training for years but have not really progressed
beyond the low-intermediate stage in terms of fitness, results and technical competence.
Often this is due to lack of knowledge rather than lack of application. The trainer should
consider the clients experience as follows;

Type of training programme (strength, plyometics, free weights)
Level of intensity
Skill level and degree of exercise technique
Number of years of regular participation

Training Frequency: The table below provides a simple example of how to progress the
frequency as the clients’ training age/experience increases.
These are based on frequency of resistance training sessions per week, not aerobic or
flexibility sessions. It is unadvisable to exceed these on a regular basis as this would
compromise the clients’ ability to recover prior to the next session.
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Exercise SelectiontoPromote Muscular Balance:with respect to resistance training programme
design, balance refers to working all of the major muscle groups equally (Heyward, 1998).
This practice ensures that the body will progress as a unit rather than a collection of isolated
muscles. The body functions optimally when all muscles work together as an integrated unit
and therefore it is essential that these muscles in particular are not neglected.

Focusing on a smaller number of ‘beach’ muscles, for example the muscles of the chest and
upper arms, is counterproductive in the long term as it promotes imbalances within the body.
These imbalances can promote dysfunction and adverse postural issues that can reduce the
rate of training progress for the client, and potentially increase the risk of injury. However, the
selection of exercises should still take into consideration the client’s wants, needs and goals.
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Compound Exercises: these are multi-joint exercises, which utilise several main muscles. E.g.
leg press, chest press etc. These are recommended to be used as opposed to isolation
exercises as it is easier to achieve a balanced ‘whole body approach’. They are also more
beneficial as they mimic everyday movements more closely and will therefore be more
‘functional’.
Isolated Exercises: these are single-joint exercises and only utilise one main muscle. E.g. leg
extension. They are appropriate at the end of the programme, to get more focus on a muscle.

When selecting exercises to be included in resistance training programmes, you should make
a concerted effort to included exercises that promotes postural enhancement, co-ordination
proprioception and core strength. Development of these aspects of neuromuscular fitness will
help offset some of the adverse effects of gravity and the modern ‘flexion-dominated’ lifestyle.

Number of Resistance Exercises: The number of exercises to be selected will depend on the
objective of the workout and the training age of the client. The trainer must also consider the
time available for the workout as ascertained during the consultation stage. A rough guideline
for the number of resistance exercises to be selected per workout is 4-10.
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Exercise Order:there are many different views and opinions on the subject. As a general rule,
for beginners it is preferable to alternate exercises from upper to lower  body to avoid
excessive fatigue in specific areas. Advanced exercisers may generate greater intensity by
focusing on the same muscle for several consecutive exercises. However, below are some of
the common exercise order principles in the industry:
1.    Perform complex or high skill movements first:Complex and multi-joint exercises require
more energy and greater neuromuscular co-ordination to perform safely and effectively (as
compared to isolation exercises). Beginners particularly will benefit from performing
compound exercises early in the workout when they are free from both neural and metabolic
fatigue due to their poorly established or non-existent motor patterns (techniques).

2.    Train large muscles first: If multiple muscle groups are to be trained within the same
workout the large muscle groups should be trained first. The consideration here is that large
muscle requires the most energy to train effectively and by performing these exercises early
in the workout while fresh the client can obtain the greatest training effect for the large
muscles (Fleck and Kraemer, 1997). Effectively loading the large muscle groups (i.e.
musculature of the hips, thigh, upper back and chest) will accelerate the progress of the client
as a whole (fat burning potential, functional muscular fitness etc).

3.    Train synergist and fixators last:If synergists are trained prior to the agonist in a workout
then the fatigue that they will accumulate renders them ineffective at performing their
synergistic role when it comes to training the agonist.

4.     Alternating upper body and lower body exercises:this principle can be used with the
above principles. It is ideal for beginners and it allows the body to recover fully before
performing an exercise in the same area.  For example: chest press, leg press, upright row,
squats, Rear dumbbell fly, leg curl, bicep curl, calf raises, tricep extension, abdominal
cruches. – this exercise combination follows all the principles outlined above.
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An example of poor exercise order would be:
Training the triceps (cable pushdown) before training any upper body pressing exercise
(shoulder press, bench press).
This type of inappropriate exercise order would result in an ineffective workout for the larger
muscles of the torso such as pectoralis major limiting the potential of the client to make
progress/gains in these areas.
A further role of muscles in human movement is that of fixators. As the name suggest fixators
contract in a predominantly isometric manner to fixate or stabilise part of the body to give the
agonist a solid platform to work from. The musculature of the core takes on a fixation role in
the majority of free standing, free weight exercises, especially those that are compound or
multi-joint in nature (squats, deadlift, overhead presses, bent over rows etc). Training the core
prior to the rest of the body in a resistance training session is inappropriate as fixator fatigue
would decrease the ability of the body to keep the spine in a safe alignment during exercise.
This increases the risk of injury, as well as decreasing the effectiveness of the exercises
being performed. As a rule, therefore, isolation exercises for the core should always be
trained last in the exercise order

Number of Sets: There are various recommendations about the number of sets and when
deciding on the number, the following considerations need to be taken into account:
The clients goals and aims
Like and dislikes
The experience of the client
Time restraints
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For beginner clients a single set to overload approach has shown to be effective in many
research studies, and the ACSM recommends this approach for general muscular fitness.

For the more advanced client, multiple set programmes appear to be more beneficial. Multiple
set can be useful in a variety of ways
Act as an initial warm up set – the initial one or two sets can be used to warm up specific
muscles.
To find the most effective overload resistance
To target different repetitions and resistance ranges in each set (e.g. pyramid training
system).
To increase the volume of training (the total amount of work done)Compound Exercises:
these are multi-joint exercises, which utilise several main muscles. E.g. leg press, chest press
etc. These are recommended to be used as opposed to isolation exercises as it is easier to
achieve a balanced ‘whole body approach’. They are also more beneficial as they mimic
everyday movements more closely and will therefore be more ‘functional’.
Isolated Exercises: these are single-joint exercises and only utilise one main muscle. E.g. leg
extension. They are appropriate at the end of the programme, to get more focus on a muscle.

When selecting exercises to be included in resistance training programmes, you should make
a concerted effort to included exercises that promotes postural enhancement, co-ordination
proprioception and core strength. Development of these aspects of neuromuscular fitness will
help offset some of the adverse effects of gravity and the modern ‘flexion-dominated’ lifestyle.

Number of Resistance Exercises: The number of exercises to be selected will depend on the
objective of the workout and the training age of the client. The trainer must also consider the
time available for the workout as ascertained during the consultation stage. A rough guideline
for the number of resistance exercises to be selected per workout is 4-10.
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The recommended number of sets varies between 2-6 sets, depending on the client’s goals.
Please see the table below to get an idea of the number of sets:
Table: training variable summary
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There are a number of training systems that can be applied to the more advanced exerciser,
which are all multiple set systems. We will discuss these later on in the chapter.
Repetition and Resistance: As a result of your health screening and client interview, you
should know the goals for your client’s resistance training programme. Do they want to
improve strength, endurance or a combination of both? Once you have established this, then
you can look at the about table to choose the most appropriate resistance, reps, and sets for
their goal. However, it is important to understand that the weight of the load can change a low
risk exercise to a high risk exercise. The risk of performing an exercise with excessive weight
is further increased if the exercise also requires a high level of proprioception. For example, a
squat is a good functional exercise if performed correctly, however tying to perform the squat
with excessive weight will place too much stress on the structures of the body and
compromise technique, and therefore increase the risk. Therefore when choosing the
appropriate weight, ensure that the participant can perform the desired repetition range.
In order to find the appropriate repetition range use the above table, the 1 Rep Max (RM) will
need to be found first. However, this posses some practical problems:
• It requires the client to lift their maximum possible weight on each exercise, increasing the
risk of muscle and joint injury
• It generally takes several attempts on each exercise to find the correct 1RM, making it very
fatiguing.
• It takes a lot of time – more than can be done in a typical one-hour induction
Therefore, for inexperienced clients, a less scientific but more practical ‘trail and error’
procedure could be used.
Rest periods between sets: generally, endurance training uses shorter rest periods (to keep
the muscles working), whereas strength training uses long rest periods (to give maximum
recovery between sets). For general guidelines for rest periods, please see the above ‘training
variable summary’ table.
Recovery between training sessions: the general recommendation is that once a muscle
group has been worked, 48 hours of recovery is needed. This allows the muscle structures
that have been overloaded to repair themselves and become stronger. Training during the
recovery period may actually slow down progress. Many experienced weight train specific
muscles to exhaustion need even more time to recover.
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If the whole body is trained in one session, then this means that the client can train every
other day. E.g. Monday, Wednesday and Friday.
However, if only one part of the body is trained in one session, then another part can be
trained the following day whilst the first is recovering. E.g

This is called a ‘Split routine’ and is commonly used as it allows a client to train more often
while still getting enough recovery. It also allows the client to perform a higher volume of
training and concentrate on one body part.
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Resistance Training for the Inexperienced Client

Clients who are new to resistance training often feel very apprehensive towards training with
weights. It is therefore important for the trainer to build trust and rapport with the client through
clear instructions, coaching points and a well designed programme that meets the clients’
needs.

It is important that the client is happy with the correct technique, so initially only one set is
usually done, with minimum resistance for the instructor to observe and correct as necessary.
Once the client has mastered the movement, then more resistance can be applied.

Once the technique is correct, you should then select a weight that they estimate will overload
the client at the required repetitions (8-12 for a beginner) and then ask the client to try one
set. Observe the client doing the set and ask questions to get feedback about how the weight
feels

For an inexperienced client it is enough for them to simply feel fatigue in the final two or three
repetitions in order to achieve overload. They should complete all repetitions with good
technique.

On a basic level the trainer should ensure the programme adheres to the programme design
rules and meet the following objectives;
Improve proprioreception
Improve posture
Increase strength of connective tissue to allow higher levels of load to be applied as their
training progresses
Enhance function and improve technique
Improve core strength
Provide variety
Provide a sense of achievement
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Resistance Training for the Experienced Client
Clients with good technique and a solid foundation of muscular fitness can spend some time
accurately finding their 1RM on a range of exercises under careful supervision. Once the 1RM
has been found, then a percentage of that weight can be used, depending on the goal.
Alternatively, the client could be tested on a particular repetition maximum they wish to train
with. For example, if a client’s goal is strength training then a 6RM could be tested (the
maximum weight that can be lifted for 6 repetitions). If the client’s goal is endurance, then a
15RM test could be used instead.
Over time, effective training will naturally increase the client’s strength and endurance.
Therefore repetition maximums need to be reassessed on a regular basis.
Strength Training Systems
Now that we have discussed the selection of training variables, we can look at the various
training systems that can be used and which client they are appropriate for
Training systems offer a variety of ways to structure a resistance training session. They are
particularly useful when considering the accommodation principle because they provide an
effective way of changing the training stimulus to encourage continued adaptation.
The most significant factor affecting how an individual may adapt to a particular training
system is their body type (somatotype). Body type is inherited from our parents via the
expression of our genes and this cannot be changed (although in the future, genetic
engineering may make such things possible). Hence in the description of each training system
that follows the probable outcome, such as endurance, hypertrophy or maximal strength, is
described – but this will always depend on the individual.
Single Sets: A single set of each exercise is performed. Normally the exercise is performed to
either muscular fatigue of when loss of technique occurs.
Single sets are suitable for: Beginners wishing to start resistance training or those wishing to
maintain existing muscle mass and strength.
Probable Outcome: Development of motor skills and increased recruitment of motor units in
non-trained individuals.



Level 2 GI - Module 8

How to Train a Client

Circuit Training: This is a series of exercises for different areas of the body performed with
little or no rest in between. Circuits can be structure in a variety of ways to produce different
outcomes depending on the repetition ranges used, areas of the body targeted and the
exercises used.
A traditional circuit is performed utilising exercises that train the whole body using light
weights with each exercise being performed for 45 – 90 seconds before moving on. The
circuit is commonly performed with 8 – 15 stations however more or less stations may be
used depending on the environment, equipment and participants taking part in the circuit. The
circuit may also be performed more than once giving participants a brief rest between
performing second or third circuits.
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This type of circuit often includes exercises that are biased towards cardiovascular fitness and
muscular endurance, and utilise bodyweight exercises with only enough rest given to move to
the next exercise.

When designing a circuit it is important to maintain a balance of exercises to ensure there is
no bias to push or flexion patterns, these may further exacerbate postural distortions
associated with society’s dominance of being chair bound. The average person spends 85
percent of their waking hours seated, so exercises that require flexion or horizontal flexion
have the risk of further ingraining muscle imbalances that cause thoracic flexion and shoulder
protraction.
Ideally circuits should be either equal in the volume of push and pull movements and spinal
flexion and extension patterns or maybe slightly loaded in favour of pull and extension
patterns to counteract the stress of living in a chair-bound society. Additionally most clients
are poor at performing frontal and transverse plane movements so exercises that include
these planes of motion are desirable over an exclusively sagittal plane circuit.
Circuit training is suitable for: Anyone from beginner to advanced – the circuit can be tailored
for all fitness levels.
Probable outcome: Development of muscular endurance, hypertrophy or maximal strength
depending upon the resistance and repetitions used.
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Basic Sets: Basic sets are also known as multiple sets. Two or more sets are performed at a
repetition range and with a rest period that is determined by the goal. Here is an example of
basic sets for muscular endurance:

Basic sets are suitable for: Beginner to advanced participants.
Probable outcome: Development of muscular endurance, hypertrophy or maximal strength
depending upon the resistance and repetitions used.
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Delorme and Watkins: This was one of the first formal isotonic strengthening programs
(Delorme & Watkins, 1948). Indeed it was this research that introduced the term ‘progressive
resistance exercise’ (PRE) and the concept of the ten repetition maximum (10 RM). For each
muscle group to be trained, the exercise program consisted of a total of 30 repetitions, divided
into three sets of ten.

Delorme and Watkins recommended the training frequency to be four consecutive days per
week and were able to show demonstrable gains using this program. The 10RM was
recalculated at the start of each week and the new weights were then used for each of the 4
sessions that week. For the purpose of this course we recommend using a 1 – 2 minute rest
period between sets as a 10 repetition range falls into the acute variable for hypertrophy.
The Delorme and Watkins system is suitable for: Beginner to intermediate participants

Probable outcome: Development of muscular endurance, hypertrophy or maximal strength
depending upon the frequency the program is performed (the original research showed
significant strength gains in untrained participants when performed for four consecutive days).
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Super Sets (Agonist-Antagonist): An exercise is performed for one muscle (the agonist) and
then a second exercise for the opposite muscle (the functional antagonist) follows
immediately before a rest period is given.

One benefit of super sets is that it is very time efficient. This allows more work to be
performed in a given time, which is important when considering value-for-money for a
personal training session.

Super sets are suitable for: Intermediate to advanced participants.

Probable outcome: Development of muscular endurance and hypertrophy or maximal strength
depending upon the resistance and repetitions used.
Pre/Post Exhaust (super setting one muscle group): Pre and post exhaust systems have their
origins in body building to overcome a problem with some compound exercises. A bench
press, for example, trains the pectoralis major and triceps as prime movers. Which muscle is
most likely to fatigue first? When you consider the size of the two muscles it makes sense that
the smaller triceps will fatigue before the larger pectoralis major, and this is generally
confirmed by experience. So the triceps receive sufficient overload to stimulate development,
but the pectorals do not – which is a problem for the body building fraternity who wish to
develop each muscle to its maximum potential.
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To overcome this limitation, the larger muscle (pectoralis major) can be pre-exhausted first
using an isolation exercise that does not involve the triceps (e.g. dumbbell flys). So in the
compound exercise that follows the large and small muscle are more likely to reach fatigue
simultaneously (Schwarzenegger & Dobbins, 1985).

Example Pre-Exhaust for Pectoralis Major
Lying dumbbell flysBench press

This idea can also be used in reverse. The compound exercise is followed by an isolation
exercise to further fatigue the larger muscle. This is called post-exhaust.
Example Post-Exhaust for Quadriceps
Back squatsLeg extension
Pre/post exhaust is suitable for: Intermediate to advanced participants – mainly those
interested in hypertrophy for aesthetic reasons rather than functional strength.
Probable outcome: Hypertrophy of a particular muscle group. It is commonly used to target
pectoralis major, latissimus dorsi and quadriceps.
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Pyramids: Pyramid systems include:
1. Ascending pyramid (light-to-heavy)
2. Descending pyramid (heavy-to-light)
3. Full pyramid (light-to-heavy-back to-light).
An ascending pyramid begins with a light resistance and high repetitions and progresses to
heavier resistance and low repetitions on each successive set. A rest period between sets of
1 – 2 minutes is typical.
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A descending pyramid begins with a heavy resistance and low repetitions and progresses to
lighter resistance and higher repetitions on each successive set. It is good practice to include
lighter warm up sets prior to starting this training system because the first set is the heaviest.
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A full pyramid combines both ascending and descending phases.

Pyramid training is suitable for: Intermediate to advanced participants. It is quite time
consuming and most suits clients who use a split routine, training only certain body parts per
session.
Probable outcome: Endurance, hypertrophy and strength depending upon the repetition range
and resistances used.
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Berger: Research in the 1960’s suggested that three sets of six repetitions each using the
same 6RM resistance was an effective method for improving muscular strength (Berger,
1962).
If the 6 RM has been correctly established, then failure should occur in all three sets, hence
giving the necessary ‘overload’ three times. Although the client always aims for six repetitions,
they will probably only manage six in the first set, then five in the second set, and only two or
three in the third. Once the client can perform six repetitions in all three sets, then a new 6 RM
will need to be established if improvements in strength are to be maintained.

The Berger system is suitable for: Intermediate to advanced participants.
Probable outcome: Strength and hypertrophy.
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Basic Resistance Progression
In order for a client to progress over a long period of time it is important to develop a long term
training plan. When planning resistance programmes with a beginner it is important to start
with endurance focused exercises until the client has mastered good technique and built
confidence. This basic progression pyramid should be adhered to if the clients goals include
training towards strength or hypertrophy.
Many clients will not want to focus on theses aspects of    Muscular fitness, in which case the
pyramid approach may not be applicable. In this case the repetition range of 12 plus can be  
manipulated to ensure progression. For example a  programme may progress from 18 – 20
reps to 15-18 reps then 12-15 reps, increasing the intensity over time Whilst  still remaining in
the endurance repetition  Range.
Adapting Resistance Exercises: Resistance exercises may be adapted in order to improve
either muscular strength or endurance and are therefore very versatile and applicable for a
wider range of clients. When programming for resistance exercises the following factors need
to be considered.

The ability to adapt resistance exercises ensures that the clients programme objectives can
be met. Novice clients wanting to improve muscular endurance may be prescribed high
repetitions of exercises of low to moderate intensity with short lever lengths, moderate ranges
of movement and standard speeds. Whereas, experienced clients aiming for improvement in
muscular strength may be prescribed low repetitions of exercises of high intensity with larger
levers, increased ranges of movement and slower speeds.
Each of these elements will determine whether the exercises will improve muscular
endurance or strength and therefore must be considered when planning an effective
resistance training programme.
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What is the Desired Speed of Movement?
The participant should always be in full control of the movement. Muscles contract to generate
movement, the faster the movement, the greater the level of contraction is needed. In order to
slow the movement down the opposing muscles need to contract at the end of the movement.
If the opposing muscle (antagonist) cannot produce the same level of force as the
accelerating muscles, then injury is likely to occur.  E.g. when striking a football, the hip
flexors and quadriceps (extend the knee) contract concentrically (shorten) while the hip
extensors and knee flexors (e.g. gluteus maximus and hamstrings) will need to contract
eccentrically (lengthen while contracting) in order to decelerate the leg. If the hamstrings do
not have the strength needed to perform this deceleration in a controlled manner, it is likely
that injury will occur.
It is therefore important to keep the speed controlled, the timings commonly used are 2
seconds for the concentric movement and 2 seconds for the eccentric movement. With a
more experienced client, particularly with sport related goals, changes in speed of the
exercises may be needed for progression.
Resistance Training and Special Populations
Children and Teenagers: Children and teenagers can safely participate in strength training
activities provided they receive proper instruction and supervision. The main issue with these
age groups is the lack of maturity to use resistance training equipment safely. For this reason,
body weight programmes are a sensible option. In general, children will have a shorter
attention span than adults and will be less intrinsically motivated to exercise simply for the
sake of their health. Exercise needs to be fun and enjoyable and achieved through play and
healthy competition, rather than a dull, enforced programme.
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There is also concern that heavy resistance training could damage the child’s epiphyseal
growth plates. Whilst this remains a theoretical risk, it is hard to find clear evidence to support
the claim, and scientific studies to investigate further are hard to design for obvious ethical
reasons. A conservative approach is to use resistances where 8 – 15 repetitions of an
exercise can be performed to moderate fatigue with good mechanical form (ACSM, 2009). Do
not increase the resistance until 15 repetitions can be achieved.
Older Adults: An older adult refers to someone over the age of 65, or someone between 50
and 64 years of age who has a significant clinical condition or physical limitation that affects
their ability to exercise.
Older adults benefit from resistance training in the same way as younger people, although
their goals may be different. Regularly challenging the muscles with weights, resistance
bands, body weight exercises, etc. will help to maintain strength, function, muscle mass and
bone density. These factors are important for an ageing population because they prolong
independence and quality of life and help to avoid some of the bone and joint problems
associated with old age.
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Prevention of osteopaenia (an age-related reduction in bone mineral density) and
osteoporosis (further reduction in bone mineral density, often called ‘brittle bones’) is
particularly important because they are so prevalent, and because the complications following
a fracture can be serious or even fatal for the elderly.

Gender Differences – Do Women who Train with Weights Bulk Up?
Until puberty males and females have essentially the same ability to generate muscular force.
Once they reach puberty however, men have 30-40% more strength than females, this is due
the lower levels of testosterone in women (Ebben and Jensen, 1998). Women therefore
cannot develop large muscles regardless of the programme they follow. Hence they will not
look like Hulk Hogan but may look more like a fitness model depending on their training
regime and diet.  Muscle weighs heavier than fat, which means, someone can build muscle
while still maintaining the same body weight and look slimmer (Ebben and Jensen, 1998). The
amount of muscle definition however will depend on the body composition well developed
muscles cannot be seen if the client has a high body fat percentage.
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Safety
Weight training is one of the safest forms of exercise, especially when the movements are
slow and controlled. It is however essential that the client performs the lifts with good form
and correct technique, improper execution of an exercise can result in injury. This is extremely
common towards the end of a set, when an individual is more likely to use poor form due to
fatigue. In order to avoid risk of injury, clients should be advised to stop once they can no
longer perform the lift with good technique this may be before they have finished the set.
Exercise must also be stopped immediately if pain or discomfort occurs which indicates injury.
Beginners must learn to walk before they run. This means they require a logical and
structured introduction into resistance training. Beginners are advised to build up gradually to
a resistance training programme. This allows time for the muscles (both stabilisers and prime
movers)  to develop in relation to each other. This gradual build-up will also delay the onset of
stiffness (muscle soreness).
Ensure that clients warm up appropriately before starting a resistance training session. This
includes between 5 and 20 minutes of aerobic exercise before they start. The session should
finish with a range of stretches of the muscles worked to avoid muscle tightness and adaptive
shortening.
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Flexibility and Stretching
Many individuals overlook the importance of good flexibility and often only become aware of it
as they get older or if they participate in a sport where flexibility affects their performance.
However it should be considered as the third essential component to a well balanced exercise
session.
Flexibility can be defined as;
‘A measure of the range of motion (ROM) available at a joint or a group of joints (Cotton
1997).
It is determined by the following structural factors;
The structure of the joint; you cannot force a joint to move beyond its anatomically functional
range without risking injury
The ligaments and tendons supporting the joint; ligaments bind bone to bone and support a
joint. They allow movement but are strong and inextensible so do not yield too easily to force.
Tendons attach muscles to bones which transfer movement to the bone. They provide about
10% of the total resistance to movement.
Opposing tissue bulk; if you have huge biceps, this will restrict the range of movement at the
elbow joint when trying to stretch the tricep.
The muscle and its connective tissue; the connective tissue which surrounds a muscle makes
up about 30% of the muscle mass and accounts for around 40% of the total resistance to
movement. This is a large factor which we can influence in flexibility development.
Fexibility training is probably one of the most under rated and undervalued component of
physical fitness and is often ignored by many who do not understand the full importance of
flexibility’s role in physical efficiency, performance and posture. Flexibility is vital for efficient
movement in our daily living activities e.g. walking, lifting objects and negotiating stairs
(ACSM, 2006).
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Without regular stretching, there is a tendency for muscles to lose their flexibility so that when
called upon to perform an extreme movement, as in dynamic sports or in an emergency, they
are less able to extend to their full range of movement, resulting in damage to the muscle
tissue.
Certain sports can result in a reduction in flexibility. For example, jogging, football, boxing and
hockey all involve movements where muscles are not worked through their full range. This
can lead to muscles tightness and adaptive shortening.
Muscle shortening can also result from poor posture or an unbalanced exercise programme
that overdevelops one muscle group whilst neglecting the opposing group, for example those
who focus on training the chest muscles and neglect the back, result in a rounding of the
upper back due to very tight pectorals.
Other Factors Affecting Flexibility
Gender
It is generally thought that females are more flexible than males however reasons for this are
uncertain. It may be attributed to structural and anatomical differences or different activities
and training experiences in early life. E.g. women have broader and shallower hips, thus they
have a greater potential for range of movement than men in this area.
Age
It is generally thought that the greatest improvement in flexibility occurs between the ages of 7
-15 years. As we get older, muscle contractility remains, whilst the elasticity is lost resulting in
tighter, stiffer muscles. There is also a reduction in activity levels as we age which will cause
reduced flexibility.
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Time of Day
Individuals vary, some people feel more flexible in the evening and some in the morning. This
can be influenced by our own unique body rhythm called circadian rhythm which influences
blood pressure, body temperature, heart rate and hormone levels.
Temperature
An increase in temperature as a result from direct heat or the weather can increase the
elasticity of muscles and tendons and thus affect range of motion. Conversely, a decrease in
temperature can result in a decrease in flexibility by up to 20% (Wear, 1963).
Heredity
Some people are born with a naturally excessive range of motion. This can create a greater
potential for injury i.e. joint dislocation and it may be necessary to concentrate on
strengthening muscles to increase stability.

Benefits of Flexibility Training
Reduced muscle tension and increased physical and mental relaxation
Improves elasticity of muscles and connective tissue around joints, enhancing freedom of
movement
Makes activities of daily living (turning, lifting, and bending) easier to perform
Helps prevent low-back and other spinal column problems
Improves and maintains good postural alignment
Improved co-ordination by allowing for greater ease of movement
Improves personal appearance and self-image
Increased range of motion
Decreased muscle soreness (DOMS) associated with other exercise activities
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Minimum Guidelines to Improve Flexibility
The general ACSM (2006) guidelines are as follows;
Frequency –        Minimum 2-3 times per week. Ideally 5 to 7 times per week
Intensity –           To the end of the range of motion, without inducing discomfort
Time –                10 – 30 seconds for each stretch
Type –                 Dynamic or static
The Stretch Reflex
When the muscle is lengthened as in a stretch, highly receptive stretch receptors (known as
proprioreceptors) in the muscle called muscle spindles are activated and send a nerve
impulse from the muscle to the central nervous system (CNS). On receiving this message, the
CNS sends a message back along the motor nerves instructing the muscle fibres to contract
in proportion to the rate of change in length. This two way path is called the stretch reflex and
it is a safety mechanism to reduce the risk of potential muscular injury and prevent over
stretching.
The second proprioreceptor (sensory nerve) that plays an important role in protection of the
muscle and connective tissue during stretching is the Golgi Tendon Organs (GTOs). These
are located in the musculotendinous junction and are activated by a contraction in a muscle.
Their purpose is to prevent an excessive tension occurring within the muscle or tendon.
Stimulation of the GTOs will cause a reflex relaxation of that muscle (the inverse stretch
reflex).
Types of Stretching
StaticMaintenance: Stretching is where the muscle is taken to the end of its normal range and
held without bouncing. These are short stretches, held for 10-15 seconds, and are used to
maintain the normal length of the muscle. During exercise the muscle becomes shorter and
thicker, this type of stretching helps to return the muscle to its normal length.
Take the stretch to the point where you can feel it, but it is not uncomfortable
Hold for 6 -15 seconds until the tension in the muscle has reduced
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Static developmental: These stretches are used in flexibility training to develop the length of
the fibres themselves, thereby increasing the range of movement at the joint. The following
guidelines should be used:
Take the stretch to the point where you can feel the stretch, maintaining good alignment and
posture.
Hold for 10 – 15, until the tension within the muscle has reduced.
Relax and passively increase the ROM of the stretch until tension is felt again
Again hold for 10 – 15 seconds, until the tension within the muscle reduces
Again increase the ROM of the stretch until the tension is felt again
Hold until tension reduces, then slowly return the limb to its normal position.
Repeat if desired.
Dynamic Stretching: Dynamic stretching can be defined as repetitive contraction of the
agonist muscle to produce quick stretches of the antagonist muscle. This method very
specifically prepares the muscle tissue for active muscle contraction and relaxation as
required in a sporting situation. Dynamic stretching involves gradually taking a muscle
towards the limit of its range in a way that involves constant motion. These stretches should
mimic the movements of the following sport or activity and act as a kind of rehearsal. It should
start with a small range of movement, and build towards the end of the muscle range in
comfort as the muscle becomes warmer and more pliable. A key advantage of dynamic
stretching is that it continues the process of pulse raising and joint mobilisation.
Dynamic stretches should only be employed during the warm up phase of a workout
Stretches should be selected that target either the whole body, or in the case of split routines,
the stretches should target the specific areas that will be stressed during a workout.
Stretches should be selected that replicate the movement patterns that will be employed
during the workout (rehearsal effect)
No more than 8-10 repetitions of each stretch are required. A greater number may
prematurely fatigue the client
2-3 different dynamic stretches are generally sufficient to prepare the body for gym-based
exercise
The movement speed should be controlled and the movement should appear fluid.
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However, dynamic stretching requires a reasonable existing level of body awareness and skill
to perform safely, so may not be suitable for beginners. I may cause clients to feel out of place
in the fitness environment.
Which Type of Stretching Should I Choose?
Considering the aim of the stretches, the advantages and disadvantages listed above, it
should be possible to make a decision on the type of stretching appropriate for you participant,
based on their skill, experience, preferences and the types of workout planned.
Static maintenance – used for warm up and post work out stretches
Static developmental – used for post work out stretches
Dynamic Stretches – used for warm up stretches.

Flexibility Components found in a Gym Session
The flexibility component of fitness is normally incorporated into the warm up and cool down
section of an exercise programme, although stretching can be performed at any time of the
day appropriate to the client.
Key points
The key points for flexibility are;
Flexibility is the range of movement around a joint or joints and is specific to each joint.
There are different types of stretching; static, dynamic and ballistic.
The different methods of stretching are active and passive.
The stretch reflex is a protective mechanism initiated by the muscle spindle which detects the
change in length and the speed of lengthening of the muscle.
The recommended guidelines to improve flexibility are 3 times a week (increasing to 5-7 times
a week) taking each stretch to a position of mild discomfort and holding the stretch for 10- 30
seconds.
The benefits of a flexibility programme are improvements in functional movement, sporting
performance, posture and prevention of chronic back pain conditions.
Factors affecting flexibility include, structural factors such as structure of the joint, age, gender,
temperature, time of day.
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Warm up/ preparatory stretch component: Stretches that are incorporated into the warm up
section are known as preparatory stretches ( and can either comprise of static or dynamic
stretches) and should follow the pulse raising cardiovascular warm up component of the
session. The aim is to reduce the likelihood of injury during the main component of the
exercise session. Warm up stretches “prepare the muscles” for the range of movement
expected within the workout. It is important to identify the major muscle groups that will
worked, as this will determine which stretches to perform. Either static or dynamic stretches
can be used during the warm up/ preparatory stretch component depending on the nature of
the following workout and the preference and skill of the participant. In some cases it is
possible to perform static stretches whilst still on a CV machine. For example, triceps,
pectorals and trapezius stretches can all be done whilst walking on a treadmill or pedalling on
an upright bike.

Cool down/ post-workout stretch component: The aim of these stretches is to maintain or
improve the flexibility of an individual. This component involves slowly applied static stretches
for all the major muscles. Post work out stretches include both:
Maintenance static stretches: By doing maintenance static stretches the muscles are returned
to their pre-exercise length after being worked. This type of stretch is to be performed on
muscles that already have sufficient length and allow the client a full range of movement at
the joint. In this instance, a maintenance stretch is held for approximately 10-15 seconds.
Developmental Static Stretches: If the client has specific muscles that are lacking flexibility
then static developmental stretches is advised. These muscles may be too short/tight and
restrict the range of moment at the joint. Typical examples include: hamstrings, hip flexors
and pectorals. In this instance, a developmental stretch is required and the length of holds is
approximately 15-30 seconds.  This is enough time for the stretch reflex to cause relaxation
and for the muscle to be lengthened slightly.
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The Reversibility Principle:
As we know from the previous sessions, fitness cannot be stored, therefore flexibility will be
lost during periods of inactivity. Hoshizaki and Bell (1984) stated that muscles will decrease
their length to accommodate the range of motion most commonly used and if we do not put
our joints through their full range of motion regularly, muscle length will decrease and
flexibility will be reduced.

Guidelines for Flexibility Training
Ensure that the muscles are warm when doing developmental and maintenance stretches.
Be sure to incorporate a variety of stretches to prevent boredom
Use slow, controlled movements when stretching and avoid locking the joints
Do not use ballistic stretches
Pay careful attention to the body alignment and joint position to minimize the risk of injury
Aim to feel the stretch in the belly of the muscle
To ensure an individual does not overstretch, stretch to the point of moderate tension and not
pain.
Make sure the breathing remains normal, relaxed and rhythmic
Ensure the muscles do not cool down too quickly, they should maintain their temperature
throughout the stretch routine,  if necessary use extra clothing to keep the client warm
Make sure all the major muscle groups are stretched, to maintain a balanced approach
Unilateral stretches should be performed on both sides, where required
Use a mat for floor based stretches. Stretching in either a sitting or lying position may aid
relaxation for corrective and post work out stretches
Concentrate and communicate when working with a partner
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Precautions for Flexibility Training
Decrease the stretch intensity or stop if the client experiences any pain or loss of sensation
Any mild soreness following stretching should last no longer than 24 hours. If the soreness is  
 prolonged, then the stretching was too aggressive
Stretch with caution when working with any individuals with osteoporosis or any hypermobile
joint.
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Information Gathering
In order to design a personalised exercise programme the trainer should conduct a
comprehensive consultation with the client (Earle and Baechle, 2004). This is usually a face to
face discussion with the client and provides an opportunity to build rapport as well as gather
specific information.
The general way of life and habits of a client will impact on their health, body composition,
fitness levels, energy levels, motivation and ability to adhere to an exercise programme. This
information along with agreed SMART goals will form the basis on which the trainer can
design a programme that will effectively progress towards the clients objectives.
It is the legal and professional responsibility of a fitness instructor is to gain informed consent
and collect information about the client before planning or instructing any physical activity
programme. Once the information has been gathered, the fitness instructor must analyse the
information to plan, instruct and evaluate
The first stage of gathering information is ensuring that you have obtained informed consent.
Informed consent or by a parent or guardian:
Informed consent is a legal procedure to ensure that the participants knows the risks involved
in activity they are about to perform or undergo. For it to be valid, the client must be
competent and the consent given voluntarily. If they are not, competent, then a guardian must
be present. Individual who may be deemed not to be competent include, children under 16
years, people with learning difficulties, dementia and participants suffering from mental ill
health. The informed consent informs the participant of the nature of what is going to happen,
possible alternatives and any potential risks and benefits. It must be given voluntarily.



Level 2 GI - Module 9

Client Health Screening

Pre-activity screening
The second stage of gathering information is the pre-activity screening and the client
interview. The purpose of pre-exercise screening is to establish an individual’s suitability to
participate in an exercise programme and to evaluate an individuals’ health status and identify
any existing medical conditions or risk factors that could be made worse by physical activity. It
is not designed to diagnose new health issues.

When carrying out health screening, the following area should be considered;
The medical status: This will identify if the client suffers from any conditions or diseases and
whether they are on any medication which may affect their heart rate response to exercise.
Risk Category: the likelihood of the client falling into a risk category, such as special attention
or medical referral. E.g. if a client has a family history of heart disease, a sedentary lifestyle
and is overweight, it would indicate that they may be prone to hypertension
Contraindications to Exercise: A ‘contraindication’ means that if a client has particular medical
condition then they should not exercise unless they have written medical clearance. Even
then they may need more specialist supervision than a fitness instructor can provide.
Contraindications to exercise include: High blood pressure readings, Tachycardia (abnormally
fast heart rate) or bradycardia (abnormally slow heart rate. If you are unsure about a medical
condition then additional questioning may be required. Also if the instructor or participant has
any other concerns regarding their readiness to exercise, then play safe and refer them to a
medical professional for more advice.
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Past Surgery: highlight any past surgery that may have resulted in a weakness that would
make certain exercises high risk. E.g. a client who had surgery to fuse vertebrae in the lumbar
spine would be at high risk from exercises such as plymetric hopping or lifting heavy weights,
due to the increased pressure in the spine.
Injury: identify any former injuries that have had little or no rehabilitative treatment. Pain often
causes people to alter their general movement patterns to keep away from the pain. For
example, if somebody suffers with an ankle injury, they can change their movement patterns
by shifting their body weight away from the injured side during walking.
Goals and Aims: The pre-activity screening will provide an opportunity for the fitness instructor
and the client to explore their goals and aims for their physical activity programme.
Lifestyle: This includes whether they smoke or drink alcohol, how stressed they feel, the
quality of their diet, and so on.
Motivation and barriers to participation: If the client identifies any barriers it may be possible to
suggest simple strategies to overcome them
Take some time to gather information from your client and it helps you select the most
appropriate exercises for them. It also helps to build rapport, and can also help you to more
fully appreciate your client’s motivation to exercise. There are a variety of methods for
gathering information, but at level 2, you only need to be aware of 3 main methods:
Health / Physical Activity Readiness Questionnaire PAR-Q (written)
A client interview (verbal)
Observations of physical measurements (visual)
The Physical Activity Readiness Questionnaire (PAR- Q)
This is a simple, valid and time efficient document used for assessing the client’s state of
readiness to exercise.  PAR-Q are appropriate Assessment of fitness should always start with
medical screening, to ensure that your client is not placed under any undue risk from the
testing procedure. The Physical Activity Readiness Questionnaire (PAR-Q), originally
developed by the Canadian Society for Exercise Physiology, provides a quick and easy
method of identifying any individuals that may be at risk from an increase in physical activity.
Completion of the PAR-Q should be seen as providing a basic screening of existing medical
conditions and/or symptoms of medical conditions. Once completed the PAR-Q should be
kept on file and may be useful in providing protection from future legal action.
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How does a PAR-Q work?
It is easy to use, if the client ticks ‘yes’ to any question on the PAR-Q, then they need to be
referred to the appropriate specialist for advice prior to exercise. If the client ticks ‘no’ to all the
questions, that person can proceed into the exercise programme.
The PAR-Q is a good starting point for gathering personal background information.

Note; when a client ticks ‘yes’ to any question on the PAR-Q, it is classed as a positive
response. The client must then be referred to their doctor as may have a condition or risk
factor that could be aggravated by physical activity
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Physical Activity Readiness Questionnaire
Please answer the questions below. If you are between the ages of 15 and 69 the
questionnaire will tell you if you should check with your doctor before you start to exercise. If
you are over 69 years of age, please check with your doctor before becoming more physically
active.
1. Has your doctor ever said that you have a heart condition and that
you should only do physical activity recommended by a doctor? YES/NO
2. Do you ever feel pain in your chest when you do physical activity? YES/NO
3. Have you ever had chest pain when you are not doing physical activity? YES/NO
4. Do you ever feel faint or have spells of dizziness? YES/NO
5. Do you have a joint problem that could be made worse by exercise? YES/NO
6. Have you ever been told that you have high blood pressure? YES/NO
7. Are you currently taking any medication of which the instructor should YES/NO
be made aware of? _______________________________________
8. Have you had a baby within the last 6 months? (You will need a one-to-one
session before attending a class if you are new to Pilates and are pregnant). YES/NO
9. Is there any other reason why you should not participate in physical activity? YES/NO
If YES, please give details:
_____________________________________________________
10. What are your motives for exercising?
If you have answered yes to one or more questions, talk to your doctor by phone or in person
before you start to become more physically active. Tell your doctor about the questionnaire
and which question you answered yes to. You may need to restrict your activities to those that
are safe for you or to build up activity slowly and gradually.
If your health changes so that subsequently you would answer yes to any of the above
questions, inform your instructor immediately
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Client Interview
Before starting any session planning, it is important to take time to get to know the client. This
helps you gather a wide variety of information along with the motives to exercise and the
barriers that might be preventing exercise adherence. It also allows you to develop a rapport
with the client and a positive connection. You can then help to educate/motivate the client to
make improved lifestyle choices based on the evaluation of the client’s current lifestyle
behaviors e.g. stress, occupation, eating habits.
The structure of the interview can take different forms. You can follow a set structure or script
that the employer wishes you to follow or complete a questionnaire and ask questions while
taking note. Which method is chosen is dependant of the experience and confidence of the
instructor, the company policies and procedures and the type of client you are dealing with.
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Types of Question
There are a number of ways of asking for information. It is important to use the right kind of
question at the right time:
1. Open questions.. These allow the client to answer in their own words, and are most useful
when opening a dialogue. The test for an open question is that it does not allow a simple ‘yes’
or ‘no’ answer. For example: ‘What types of exercise do you enjoy?’
2. Closed questions. These only allow a ‘yes’ or ‘no’ answer, or a single piece of information.
They are good for focusing on specific information, but not effective when trying to encourage
the client to talk and say things in their own words. For example: ‘Do you like running?’
3. Leading questions. . These manipulate the client into answer the question in a certain way,
and for that reason they should be avoided. For example: ‘I expect you would like to lose
some weight?’
4. Clarifying. A clarifying question usually follows a client answer and simply asks for more
detail. For example: ‘You say you enjoy doing exercises classes. What type of classes in
particular?’
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What Information Do You Need?
It is important to collect both types of information when trying to build a complete picture of the
client.
The following details are important:
Previous activity history
Activity likes and dislikes
Current fitness level
Lifestyle – This includes whether they smoke or drink alcohol, how stressed they feel, the
quality of their diet, and so on.
Medical history – This can be done using a health questionnaire
Motivation and barriers to participation – If the client identifies any barriers it may be possible
to suggest simple strategies to overcome them (see ‘managing change’ later)
Functional ability – This means their ability to carry out daily functions such as lifting, carrying,
climbing stairs, etc.
Some examples of basic questions about their personal background can provide a wealth of
facts e.g.
What has your experience of exercise been like in the past?
What do you want to achieve from starting an exercise programme?
What are the reasons for you wanting to start an exercise programme?
Do you have any hobbies that are exercise related?
Do you have any past injuries that still affect you today?
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Diagram: shows the key information that needs to be gathered during the client interview

Recording information
As a Gym Instructor you will need a system of record keeping. This usually involves standard
screening questionnaires, a contract for services, programme cards, electronic files and so
on. Record keeping is perhaps the least interesting part of the job, but it is essential for
reasons of legality and professionalism. Note that when you have access to any personal
information then you must abide by the data protection act.
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Data Protection Act
The data protection act (1998) tells us of our legal responsibilities when we hold other
people’s personal information. It is important that the instructor respects their client’s right to
confidentiality. This means that any information should be treated as privileged, and not
divulged to anyone else, including friends and family of the client. It also applies when you are
chatting informally to other instructors – be mindful of how you talk about your clients.
Personal information should be stored safely in a locked cabinet, accessible only to staff who
need to know that information to carry out their job. Any records stored electronically should
be password protected as a minimum. Ideally, a firewall and data encryption should also be
used.
If you feel that, in the client’s own interest, information should be shared with another
professional, it is essential that you seek their permission first. If they refuse, that is their right.

Go to: http://www.ico.gov.uk/for_organisations/data_protection.aspx to obtain detailed
guidelines of your responsibilities.
2
Observations and Physical Measurements

Taking physical measurements can potential health risks. As a level 2 instructor, there are
one measurement that you need to be made aware of. Taking height and weight to calculate
a client’s Body Mass Index (BMI). This gives us an indication of an individual’s body
composition which is an important factor in assessing an individual’s health and physical
fitness. The health risks associated with being overweight or obese are numerous, and
include an increased risk of developing coronary heart disease, hypertension, type 2 diabetes,
osteoarthritis and certain types of cancer.
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Body Mass Index: is used to assess weight relative to height, and is an approximate indication
of obesity and associated health risks. To work out an individual’s BMI, you will need to
accurately measure an individual’s height and weight.

To measure weight and height, use the following process:
Weight: take the measurement on scales with no shoes and minimal clothing. Note the
clothing worn and duplicate each time. Weigh using the same scales, prior to a large meals
and training sessions. It should be taken at the same time of day to improve reproducibility of
results.
Height: measure without shoes, and ensure that the spine and neck are fully extended and
the head is horizontal and looking straight forward. Try to measure at the same time of day,
as 1-2 cm can be lost during the day due to compression forces on the body.

To calculate BMI use the following formula:

BMI = Weight (kg)
                    __________
                     Height 2 (m)
E.g. a client weighing 85kg and with a height of 1.81m:
BMI = 85 (kg)
_______

1.812 (m)
BMI = 85
_____
3.276
BMI = 25.94
The table below shows guidelines for classifying BMI.
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How to conduct a health screening session?

The Pre-activity/ health screening session is the first activity carried out with your client. It
should be done before the client is inducted into the gym. It is the opportunity to build a
relationship with the client and set an appropriate induction programme.
It is critical that the gym instructor builds rapport during this screening session. This means
having a relationship that is relaxed, where there is easy two-way communication, there is
empathy about mood, and a feeling of trust. There are many psychological ‘techniques’ that
can help to achieve rapport easily, but these are not really necessary. A simple, honest and
friendly approach that remains focused on the client is recommended. Aim to meet you
client’s needs rather than your own personal agenda; this will go a long way towards
achieving rapport.

Preparation
Like any session it is important to be prepared before you start a pre activity health screening.
Your client may be feeling nervous and a little apprehensive so ensure that the temperature
and surroundings are comfortable for the client. Make sure that client feels at ease with you
and you are open and approachable.  The highest level of professional service should be
demonstrated at all times throughout the process and you must follow the Code of Ethical
Practice. Have all the relevant forms (PAR-Q, consent form, medical referral form) to hand so
that the session flows in a relaxed and timely manner.
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Which test is Appropriate?
In order to determine which methods of collecting information are appropriate the instructor
should consider the following:
Their skills – an inexperienced instructor may feel more comfortable following a set
questionnaire to ensure they collect all the relevant information.
Available resources – does the instructor have the resources and opportunity to take physical
measurements e.g. scales, tape measurements and private area.
Client preference – some clients may prefer to ‘chat’ and discuss goals, exercise preference
etc, whereas some clients may prefer to fill out questionnaires.

Order of Tests:
Introduce yourself and establish rapport with your client.
Explain the purpose of the session and health screening.
Get the client to sign the Informed Consent form.
Carry out the PAR-Q.
Carry out the client interview to gain further information about your client
Finish off with the physical measurements
Adapt you exercise session according to the results of the client interview and aims and goals
of the client
When to Refer a Client to a Specialist
If an individual is identified by the health evaluation as having the presence of disease or any
risk factors to exercise that could be provoked by physical activity, then they must be referred
to a medical specialist for approval prior participating in an exercise programme. Here is a list
of criteria for medical referral.
Instant medical referral
Any factors found in the medical referral category of the primary and secondary risk factor for
Coronary heart disease
Answered “Yes” to any of the questions on the PAR-Q form
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Any symptoms of, or diagnosed metabolic, pulmonary, and cardiovascular diseases
Special attention
Smoker, family history of chronic heart disease, and high blood pressure.
Doubt or uncertainty
If you have any questions of doubts. It is better safe than sorry.
Client doubt; If the client would feel more comfortable seeing a doctor before starting the
programme
The table below outlines the primary and secondary risk factors associated with exercise. If a
client has a combination of these risk factors, then use the information below to categorise the
client into medical referral, special attention or fit and healthy, depending on how many risk
factors they have and the combination of these.
Primary Risk Factors Secondary risk factors
Family history, high blood pressure, high blood cholesterol, smoking, sedentary lifestyle,
diabetes mellitus, abnormal resting heart rate Sex, age, obesity, high fat diet, eating
disorders, stress, drug and alcohol abuse.

Medical Clearance
If a client has a condition identified by the PAR-Q that might be aggravated by the physical
activity planned, they must be counseled and referred to their doctor or medical specialist for
approval to participate. A letter, such as the example below can be given to the doctor to sign
or alternatively the client may have a verbal discussion with their doctor to gain consent. The
client should then sign an informed consent form prior to the start of any exercise programme
or fitness test.
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Recording and Storing Client Information
Each gym has its own way of recording and storing client information. Usually there are
standard programme cards for each client which are generally kept on the gym floor. All other
client information may be stored on an electronic database or in written records.
The Data protection Act (1998) states that Gyms and fitness companies must have a secure
procedure for storage of any paperwork or electronic files. Access should be allowed only to
staff that need to know. Passing any information to another organization or professional
without the clients’ permission is illegal. Remember, any information given to an instructor by
a client is confidential.
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If a client needs to be referred here is an example of a Medical Referral Form
GP REFERRAL LETTER
Dear
Your patient, _______________________________, wishes to enrol on a exercise
programme at the ____________________________.

The programme is a 12 week programme in which they will be participating in exercise 3-5
times a week at a moderate intensity (50-60% of maximum heart rate) for 30-45 minutes. The
programme is structured to have a warm up, cardiovascular exercise at the appropriate heart
rate, conditioning or resistance exercises, cool down and stretching.
This programme has been designed by a qualified fitness professional.
If your patient is taking any medication that might affect ability to exercise or their heart rate
response to exercise, then please give details below
Type of
medication:______________________________________________________________
Effect:_____________________________________________________________________
____
Please indicate any recommendations or restrictions that would be appropriate for you patient
in the exercise programme
__________________________________________________________________________
__________________________________________________________________________
____________

(4th Ed) Philidelphia: Lea and Febiger
Central YMCA 2002, Gym instructor Manual CYQ, London
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If you of any other medical or other reasons why your patient should not participate in this
exercise programme, please indicate:
__________________________________________________________________________
__________________________________________________________________________
____________

By completing this form you are not assuming any responsibility for our administration of the
exercise programme. If you have any questions please call _________________________
On the telephone number ______________________________
Doctor signature: _____________________________ Date: _____________________
Address:___________________________________________________________________
____________________________________________ Telephone Number:
_______________________

ReferencesAmerican College of Sports Medicine (2006), Guidelines for exercise testing and
prescription (7th Ed) Philidelphia: Lippincott Williams and WilkinsBrooks, D. (1990). Going
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