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Review of Anatomy and Physiology

Muscle Actions

· Neuromuscular activation that leads to the production of force

· Contributes to the movement or stabilisation of the musculoskeletal system

· Three basic actions: 
1. Isometric:  exercise in which the joint angle and muscle length do not change
2. Concentric:  movement where there is a shortening of the muscle(s)
3. Eccentric: movement where there is a lengthening of the muscle(s)

Reference:  www.enjoyyourhealthylife.com
Muscle Roles
Muscles serve the following roles: 

· Agonist: the main muscle that is responsible for a particular action; a prime mover.
· Antagonist:  keeps the agonist ‘in check’ by having an opposing simultaneous contraction of another muscle
· Synergists:  these muscles act on movable joints and assist the movement performed by the agonists.
· Fixators: these muscles help to stabilize one part of the body during the movement of another part.
You may here this term, co-contraction.  This is where there is simultaneous contraction of the agonist and antagonist (e.g., abdominal and lumbar muscles)

Classification of Skeletal Muscles

· Classified according to muscle architecture (physical arrangement [striations] of the muscles)
· Parallel / Strap arrangement: often used for fast or extensive movements (e.g., Sartorius, strenocleidomastoid)
· Fusiform (more spindle shaped): (e.g., brachioradialis, Psoas major)

· Circular Muscles:  (e.g., muscles around the mouth, sphincter, and eyes)
· Fan-shaped / triangular / convergent muscles:  allows for maximum force production (e.g., pectoralis major)
· Pennate arrangement: 
· Unipennate (e.g., semimembranosus)

· Bipennate ( e.g., gastrocnemius, rectus femoris)

· Multipennate ( e.g., deltoid)
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· Number of joints: 
· Uniarticular: movement over one joint only

· Biarticular: muscles that cross over two joints (e.g., hamstrings)

· Multiarticular: muscles that act on three or more joints
Axis of Rotation: If movement occurs in a plane, must rotate about an axis that has a 90 degree relationship to that plane.

Body Position / Joint Movement
· Anatomical Position
· Body is erect with feet together and upper limbs hanging at the sides

· Palms of the hands facing forward

· Thumbs facing away from the body

· Fingers extended

· Body Planes / Axes of Rotation
· Sagittal plane: vertical plane that divides the body into RIGHT and LEFT parts;

· view from the side (e.g., sit-up)
· sagittal plane rotations occur about a medial-laterial (ML) axis
· Transverse plane: horizontal planes that divides the body into SUPERIOR (cranial) and INFERIOR (caudal) parts; 
· view from the top of the body (e.g., seated hip adduction)
· transverse plane rotations occur about a longitudinal axis
· Frontal plane: vertical plane that divides the body into ANTERIOR and POSTERIOR parts; 
· view from the front (e.g., side bend)
· Frontal Plane rotations occur about anterior-posterior (AP) axis
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· Refer to pages 76 – 77 NSCA excellent examples of movement in various planes

As a personal trainer you must understand the following terms.

· Directional Terms
· Distal - farther from trunk 
· Proximal - closer to trunk

· Lateral - away from midline 

· Medial - closer to midline

· Anterior- front side in anatomical position (ventral)

· Posterior- back side in anatomical position (dorsal)

· Superior- closer to head (cranial) 

· Inferior- farther from head (caudal)

· Superficial - closer to surface

· Deep - farther from surface

· Plantar- bottom of foot 

· Dorsal - top of foot

· Joint Movements
· Flexion: Joint angle decreases and the parts come closer together (e.g., bending the lower limb at the knee).

· Extension: Joint angle increases and the parts move farther apart (e.g., straightening the lower limb at the knee).

· Hyperextension:  Excess extension of the parts at a joint, beyond the anatomical position (bending the head back beyond the upright position).

· Dorsiflexion:  Excess extension of the parts at a joint, beyond the anatomical position (bending the head back beyond the upright position).
· Plantar flexion:  Bending the foot at the ankle toward the sole (bending the foot downward).
· Abduction: Moving a part away from the midline (lifting the upper limb horizontally to form a right angle with he side of the body).

· Adduction: Moving a part toward the midline (returning the upper limb from the horizontal position to the side of the body).

· Horizontal Abduction:  movement of the arms horizontally across the body away from the midline
· Horizontal Adduction:  movement of the arms horizontally towards the body away from the midline
· Circumduction:  Moving a part so that its end follows a circular path (moving the finger in a circular motion without moving the hand).
· Internal Rotation: the turning of a limb about its axis of rotation toward the midline of the body.
· External Rotation: the turning of a limb about its axis of rotation away from the midline of the body.
· Lateral flexion:  Lateral movement away from the midline of the body (e.g., moving the spine to the side (left or right)
· Rotation:  Moving a part around an axis (twisting the head from side to side).

· Medial rotation:  movement toward the midline, 
· Lateral rotation movement in the opposite direction.
· Upward rotation:  Rotary movement of the scapula; moving inferior angle of scapula laterally and upward.
· Downward rotation:  Rotary movement of the scapula; moving inferior angle of scapula medially and downward.
· Supination:  Turning the hand so the palm is upward or facing anteriorly (in anatomical position).
· Pronation:  Turning the hand so the palm is downward or facing posteriorly (in anatomical position).
· Inversion:  Turning the foot so the sole faces medially.
· Eversion:  Turning the foot so the sole faces laterally.
· Protraction:  Moving a part forward (thrusting the chin forward).
· Retraction:  Moving a part backward (pulling the chin backward).
· Elevation: Raising a part (shrugging the shoulders).
· Depression:  Lowering a part (drooping the shoulders).
SKELETAL ANATOMY
Bones

· Structure and mechanics of bone

· 226 bones
· Axial Skeleton:  Skull & facial bone, sternum, ribs, vertebral column
· Appendicular Skeleton
· Pectoral girdle and the arm:  Scapula, clavicle, humerus, radius, ulna, carpals, metacarpals, phalanges
· Pelvic girdle and the legs:  Ilium, ischium, pubis, femur, patella, tibia, fibula, tarsals, metatarsals, phalanges
· The biomechanical properties of bone
· The responses of bone to weight bearing activities.  Weight-bearing physical activity (e.g., physical activities that generate relatively high-intensity loading forces, such as plyometrics, gymnastics, and high-intensity resistance training) has beneficial effects on bone health across the age spectrum including augment bone mineral accrual in children and adolescents.
· Bone formation, growth, and remodelling

· The influence of diet on bone health.  Diet is an important factor in forming healthy bones. The mineral calcium is obtained from the diet and deposited in bones and teeth. Vitamin D is also important for healthy bones because it is needed for the absorption of calcium from food.

· The influence of age on bone homeostasis

· Major bones and major landmarks of the skeleton

· Clavicle:   A doubly curved short bone that connects the upper arm (at the shoulder) to the body, right above the first rib. Also known as the collar bone. 

· Cranium:  also referred to as the skull; supports the structures of the face and protects the brain from injury. 

· Femur: thigh bone, extending from the hip to the knee. It is the largest, and strongest bone of the body. 

· Fibula: located on the outer side of the lower leg. It is smaller than the tibia and attaches below the tibia and forms the outer part of the ankle joint. 

· Humerus:  upper arm bone. The longest and largest bone of the upper body. 

· Ilium:  the uppermost and largest bone of the pelvis; the hip bone. 

· Mandible:  forms the lower jaw and holds the lower teeth in place. 

· Patella:  a flat triangular bone located at the front of the knee joint; protects and covers the knee joint; kneecap

· Radius:  located on the thumb side of the forearm. 

· Ribs:  long curved bones which, along with the sternum, form a rib cage; enable the lungs to expand and they also protect the lungs, heart and other internal organs. 

· Sacrum:  large bone that is located at the base of the spine and at the upper back part of the pelvis where it is inserted between the two hip bones or two Iliums. 

· Scapula:  the bone, located on the upper back that connects the humerus with the clavicle; the shoulder blade.

· Sternum:  A long flat bone in the middle of the chest; supports the clavicle; along with the ribs form the rib cage that protects the heart, lungs, and major blood vessels from damage. 

· Tibia:  second largest bone in the body; located on the inside of the lower leg; connects the knee with the ankle bones; also known as the shin bone. 

· Ulna:  located on the little finger side of the forearm

· Bone markings:

· Tuberosity:  Large rounded projection; may be roughened 

· Crest:  Narrow ridge of bone; usually prominent 

· Trochanter:  Very large, blunt, irregularly shaped process (only on femur!) 

· Line:  Narrow ridge of bone, usually prominent 

· Tubercle:  Small rounded projection or process 

· Epicondyle:  Raised area on or above a condyle 

· Spine:  Sharp, slender, often pointed projection 

· Process:  Any bony prominence

· Head:  Bony expansion carried on a narrow neck 

· Facet:  Smooth, nearly flat articular surface 

· Condyle:  Rounded articular projection 

· Ramus:  Armlike bar of bone 

· Meatus:  Canal-like passageway 

· Sinus:  Cavity within a bone, filled with air and lined with mucous membrane 

· Fossa:  Shallow, basinlike depression in a bone, often serving as an articular surface 

· Groove:  Furrow

· Fissure:  Narrow, slitlike opening 

· Foramen:  Round or oval opening through a bone
Joints 
· Types of Joints: 
· Hinge joints: Flexion and extension movements; e.g., Elbow and interphalangeal joints
· Ball-and-Socket Joints: One bone has a rounded head and the other end has a socket-like feature; e.g., Hip and shoulder
· Vertebral Joints: Between the vertebrae of the spinal column
· Pivot joints: movement is limited to rotation 
· Ellipsoid Joints: similar to a ball and socket joint; allow the same type of movement to a lesser magnitude e.g., wrist 
· Saddle Joints: occurs when the touching surfaces of two bones have both concave and convex regions with the shapes of the two bones complementing one other and allowing a wide range of movement; the only saddle joint in the body is in the thumb. 
· Gliding Joints: Flat or slightly flat surfaces move against each other allowing sliding or twisting without any circular movement; e.g., carpals in the wrist, tarsals in the ankle
· Structure and function of joints

· Fibrous joints: Do not have a cavity between the bones; e.g., skull
· Cartilaginous joints: Connected by cartilage, do not have a joint cavity; e.g., pubic symphysis 
· Synovial Joints: Cavity containing fluid; E.g., hip, shoulder joints
· Need to take into account the stability of a joint (resistance to displacement)
· Joints related to exercise

	· Intervertebral
	· Sternoclavicular

	· Sternocostal
	· Acromioclavicular

	· Glenohumeral
	· Elbow

	· Radioulnar
	· Radiocarpal

	· Metacarpophalangeal
	· Pubic Symphysis

	· Coxal
	· Tibiofibular

	· Femoropatellar
	· Ankle


Connective Tissue
· What is the purpose of connective tissues?  Supports the body’s organs and other structures.
· Ligaments

· Elbow

· radial collateral ligament

· ulnar collateral ligament

· Knee

· Fibular, ie, lateral, collateral ligament

· Patella ligament

· Anterior cruciate ligament

· Tibial, ie, medial, collateral ligament

· Posterior cruciate ligament

· Shoulder

· Acromio-clavicular ligament

· Ankle

· Tendon

· Achilles Tendon 
· Patella Tendon 
Major Postural Muscles
	· pectoralis minor

· serratus anterior

· intercostals

· brachialis

· pronator teres

· brachioradialis

· flexor carpi radialis

· palmaris longus

· extensor carpi radialis longus

· flexor carpi ulnaris

· extensor carpi ulnaris

· extensor digitorum

· external oblique 
	· rhomboid major

· rhomboid minor

· levator scapulae

· teres minor

· supraspinatus

· infraspinatus 

· internal oblique

· gluteus maximum

· gluteus medius

· gluteus minimus

· transverse abdominis

· iliotibial tract

· adductor magnus
	· biceps femoris

· semitendinosus

· semimembranosus

· iliopsoas

· tensor fasciae latae

· sartorius

· adductor longus

· gracilis 
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Reference: http://health-advisors.org/anatomy-of-the-human-body-muscles/
EXERCISE PHYSIOLOGY
· Study of the body’s responses and adaptations to the stress of exercise

· How does exercise alter human systemic and cellular physiology both during and immediately after exercise

· Systems work interactively – not independently

NEUROLOGICAL (Nervous) SYSTEM
· Two systems
· Central nervous system
· Regulates human movement
· Brain and spinal cord
· Peripheral nervous system
· Somatic nervous system
· Visceral nervous system (autonomic)
· Sympathetic
· Parasympathetic
· Neuromuscular control
· Motor units
· proprioception 
· Reflexes

· Automatic, involuntary reactions

· Two reflexes

· Stretch reflex

· Inverse stretch reflex

· Components of the reflex arc

· Proprioceptors and Reflexes
· Proprioceptor: receptor that is involved in movement, posture and locomotion
· Muscle spindles
· proprioceptors found within skeletal muscle
· Respond to changes in length and tension within a muscle
· Responsible for initiating the stretch reflex (ballistic stretching)
· Golgi tendon organs
· Proprioceptors found within tendons near the point where tendon meets muscle
· Respond to tension when muscle shortens or stretches passively
· Responsible for initiating inverse stretch reflex (PNF Stretching: static stretch followed by an isometric contraction of the same muscle against resistance)
Cardiovascular System
the functions:  
· Transports de02 blood from heart to lungs and O2 blood from lungs to heart

· Transports O2 blood from heart to tissues and deO2 from tissues to heart

· Distributes nutrients

· Removes metabolic wastes from periphery for elimination or reuse

· Regulates pH to control acidosis and alkalosis

· Transports hormones and enzymes to regulate physiological function

· Maintains fluid balance to prevent dehydration

· Maintains body temp by absorbing and redistributing heat 
THE HEART 
· Small organ, roughly the size of a clenched fist
· Four chambers

· Two upper: atria
· Two lower: ventricles
· Base and apex
· Left atrium
· Right atrium
· Pericardium: double-walled loose fitting membranous sac
· Epicardium: interior lining of the heart
· Myocardium: thickest layer of the tissue of the heart (cardiac muscle)
THE HEART 
· provides the impetus for blood flow
· can be considered a pump, or more functionally, as two separate pumps
· Right side of the heart performs two important functions
· receives blood returning from all parts of the body, 
· pump blood to the lungs for aeration
· left heart receives oxygenated blood from the lungs and pumps blood for distribution throughout the body
· Arteries carry blood away from the heart; veins return blood to the heart. 
· contains 4 muscular chambers, 2 associated with each circuit. 
· Right atrium receives blood from the systemic circuit and passes it on to the right ventricle
· Right ventricle discharges blood into the pulmonary circuit
· Left atrium collects blood from the pulmonary circuit and empties it into the left ventricle
· Contraction of the left ventricle ejects blood into the systemic circuit.
· When the heart beats, the atria contract first, followed by the ventricles. The two ventricles contract at the same time and eject equal volumes of blood into the pulmonary and systemic circuits.
The ARTERIES 
· High-pressure tubing that carries oxygen-rich blood to the tissues and de-oxygenated blood to the lungs
· These structures can alter their internal diameter in response to increased needs for oxygenated blood 
The CAPILLARIES 
· As blood flow continues in arteries, the diameter of these structures eventually becomes smaller and smaller until the arteries eventually form into capillaries or exchange vessels) 
· The capillaries are the last stop before blood reaches the desired tissue 
The VEINS and BLOOD 
· The veins carry blood form the capillaries to the heart.
· Blood performs the following functions:
· transportation of nutrients, hormones and waste products
· the regulation of body pH
· defence against toxins and 
· helps to stabalise body temperature
CARDIAC FUNCTION 
· The cardiovascular system can be divided into two separate systems 
· The Pulmonary Circuit: carries blood to and from the lungs. 
· The Systemic Circuit: transports blood to and from the rest of the body
· Each circuit begins and ends at the heart
· Measures of cardiac function
· Heart Rate (HR)
· number of beats per minute
· Average resting: 60-80 bpm
· Resting HR in women 10 bpm higher than men
· Children have higher HRs; elderly lower HRs
· Fit people have lower HRs; unfit have higher
· Blood Pressure (BP)
· Average 120 SBP / 80 DPB
· Systolic pressure (SBP): pressure being exerted on the arterial wall during contraction

· Diastolic pressure (DBP): pressure during relaxation phase of the ventricles

· When SBP exceeds 140 mm Hg or DPB exceeds 90 mm Hg at rest, hypertension
· Stroke Volume (SV)
· Amount of blood ejected from the left ventricle in a single contraction
· Equal to the difference between end-diastolic volume (EDV) and end-systolic volume (ESV):  SV = EDV – ESV  
· SV in men greater than women because of heart size

· SV increases in supine/prone position

· Cardiac Output
· Volume blood pumped by the Heart / minute
· Calculated by HR x SV
· Resting Q adults = 4-5 ltrs / minute

· Q higher in trained versus untrained individuals
ACUTE RESPONSE to CARDIO EXERCISE
Heart Rate

· Increases in a linear fashion with the work rate and O2 uptake during dynamic exercise.
· Magnitude of HR response is related to age, body position, fitness, type of activity, presence of heart disease, medications, blood volume, and environmental factors
· Maximal attainable HR decreases with age
· Max HR = 220 - age 
Stroke Volume

· Increases curvilinear with the work rate until it reaches a near maximal level equivalent to approx 40-50% of aerobic capacity, increasing only slightly thereafter.
· SV reaches maximum, increase in O2 demand is met by increasing the HR
· At higher HR, SV may actually decrease because of disproportionate shortening of diastolic filling time in the heart
Cardiac Output

· Increases linearly with increased work rate
· Max values depend on age, posture, body size, presence of CV disease, level of physical conditioning
· Exercise intensities up to 50% of max, increase facilitated by increases in HR and SV
· Thereafter, the increase results almost solely form the continued rise in HR
· Where the heart pumps more blood around the body per minute
· Formula
· Cardiac Output (l/min) = Stroke Volume (l/beat) X  Heart Rate (beats/min)
· Stroke volume: amt of blood pumped by the left ventricle each beat
· Heart Rate: # of times heart bpm 
· HR increases as exercise increases
ACUTE RESPONSE to CARDIO EXERCISE 
ARTERIOVENOUS O2 DIFFERENCE 
· O2 extraction by tissues reflect the difference between O2 content of arterial blood and the O2 content of venous blood
BLOOD FLOW

· At rest, 15-20% of cardiac output distributed to skeletal muscles, remainder goes to visceral organs, heart, and brain
· At exercise, 85-90% delivered to working muscles
BLOOD PRESSURE

· Linear increase in SBP with increasing levels of exercise
· DBP may slightly decrease or remain unchanged
MAXIMAL O2 CONSUMPTION (VO2max)

· Highest rate of O2 transport and use that can be achieved at maximal physical exertion (p. 87)
· The larger VO2 max the better
Environmental conditions 
· adaptations of the body to hot and cold environmental conditions

· physiological and biomechanical differences of exercising in the heat compared to normal adaptive conditions

· physiological and biomechanical differences of exercising in the cold compared to normal adaptive conditions

· acute and chronic effects of exercising in water

· the mechanism whereby the body regulates internal temperature in responses to environmental changes and exercise

· dehydration and the importance of water intake/re–hydration during exercise

· physiological demands placed on the body from smoking

· need for a comprehensive preparation phase to avoid heat or cold stress

· mobility

· general preparation

· pre stretch 
· specific preparation 
Physiological adaptations 
· distinguish between central and peripheral fitness adaptations 
· explain the central and peripheral adaptations of the body to anaerobic training and aerobic training 
RESPIRATORY SYSTEM
· Filters air that enters the body and allow for gas exchange 
· Nose and nasal cavity
· Pharynx
· Larynx
· Trachea
· Bronchial tree
· Lungs
· Control of breathing
· Distribution of ventilation
· Upper respiratory tract:  Nose, sinuses, pharynx, larynx

· Purify, warm, humidify air before it reaches the gas exchange units

· Lower respiratory tract

· Begins at the trachea just before the larynx and includes bronchii, bronchioles, and alveoli

· Ventilatory pump
· Chest wall
· Respiratory muscles
· Pleural space
Exercise and the Respiratory System
· Exercise slows the rate of age related changes in lung tissue

· The age related changes do not impede making significant increases in VO2 max, with the correct training

· Exercise promotes the maintenance of sufficient respiratory reserve to remain functionally independent.

· Exercise will help prevent the onset of diseases commonly found in the elderly

ENERGY SYSTEM
· Produces mechanical work
· Maintains body temperature
· Fulfills biological and chemical activities
· Mechanical work relies on adenosine triphosphate (ATP)
· duration and intensity of exercise effect energy contribution from the main energy systems utilised during different forms of exercise

· adenosine triphosphate

· phosphocreatine

· anaerobic glycolytic

· exercise programs that utilise of fatty acid metabolism

· energy system adaptations

· effect of energy intake affects the breakdown of energy substrates 
· body systems involved in production of energy 
· Aerobic and anaerobic metabolism
· Adenosine triphosphate (ATP)
· Creatine phosphate (CP)
· Aerobic glycolysis
· Aerobic oxidation
· Recovery from exercise
· Processes 
· Anaerobic glycolysis or lactic acid system

· Aerobic metabolism

· Gluconeogenesis

· Lipolysis 
· Use of protein as fuel 
· Energy for Movement
· Adenosine Triphosphate (ATP)
· molecule that creates energy from food
· The body’s energy currency
· Three different energy systems
· Creatine phosphate system (ATP-PC system) – anaerobic
· Lactic acid (anaerobic glycolysis)
· Aerobic system
MUSCULAR SYSTEM
· How does a muscle contract?
· Sliding filament theory describes the process used by muscles to contract.
· Muscle contraction and training
· Isometric
· Isotonic: concentric & eccentric (DOMS)
· Isokinetic
· Muscle fiber types
· Type I muscle fibers
· Type II muscle fibers
· Neuromuscular Activation: Motor Unit Activation
Skeletal Muscle Contraction 
· the main features of nerves and the nervous system related to exercise

· nervous system classification and structure

· central/peripheral

· afferent/efferent

· voluntary/involuntary

· structure of a motor neuron

· generation and conduction a motor impulse

· reflex arcs

· the neural innervation of muscles for movement and proprioception

· the types of muscle contraction, and the relationship between muscle force and external load for each

· the factors influencing muscle contraction

· length — tension relationship

· motor unit recruitment

· muscle fibre types

· mechanical advantage of joint position

· force — velocity relationships

· size principle 
· reciprocal inhibition, ie, agonist/antagonist relationship 
Adaptations to Exercise
· strength

· sets and repetitions

· repetition maximum

· recovery times

· exercise techniques

· stretching/flexibility

· sets and repetitions

· recovery times 
· exercise technique 
Adaptations to Resistance Training  (Chapter 5, NSCA)
· Acute

· ‘responses’ to exercise

· Changes that occur in the body during and shortly after an exercise

· Chronic

· Changes that occur after repeated training bouts and persist long after a training session is over
· Progressive overload very important
Factors that Influence Adaptations to Aerobic Training (Chapter 6, NSCA)
· Specificity
· Genetics
· Sex
· Age
The Digestive System
· Two main groups

· Alimentary canal (gastointestinal tract)
· Mouth, pharynx, oesophagus, stomach, small intestine, large intestine
· Accessory digestive organs
· Teeth, tongue, several large digestive glands
· Key terms / areas
· Insulin
· Glucogon 
· Liver
· Small intestine
BIOMECHANICS

What is Biomechanics?

· Study of motion and causes of motion of all living things

· Uses a branch of physics known as mechanics

· Essential for personal trainers: forms the basis for documenting human motion (kinematics) and understanding the causes of that motion (kinetics) (ACSM, 2006)

Must consider Newton’s Laws of Motion

· First Law

· Every body continues in its state of rest or motion in a straight lin unless it is complelled to change that state by external forces exerted upon it.

· The greater the momentum of a body, the more pronounced the effect that it produces on other bodies in its path.

· E.g., a heavier bowling ball  (greater mass) more likely to knock down more pins than less massive ball

· Momentum can be changed by velocity; e.g,. How fast to swing a bat
· Second Law

· The rate of change of momentum of a body (or the acceleration for a body of constant mass) is proportional to the force causing it and takes place in the direction in which the force acts.

· When the body to which a force is applied is already moving, it moves in the direction in which the force acts and its change in speed in that direction is related to the size of the force.
· Third Law

· To every action there is an equal and opposite reaction.

· Also stated: For every force that is exerted by one body on another there is an equal and opposite force exerted by the second body on the first.

· A client is performing a bench press applies force to the barbell to lift it

· The barbell in turn ‘pushes down’ on the hands of the client

What is Kinesiology?

· Study of human movement

· Specifically evaluates muscles, joints, and skeletal structures and their involvement in movement

· Primarily based on three fields of science

· Biomechanics

· Musculoskeletal anatomy

· Neuromuscular physiology

· Includes the field of gait, posture/body alignment, ergonomics, sport/exercise movements, activities of daily living (ADL) and work

Axis of Rotation: If movement occurs in a plane, must rotate about an axis that has a 90 degree relationship to that plane.
	AXES OF ROTATION

	Movement in ‘x’ plane
	Rotates about axis in

	Sagittal Plane
	Frontal arrangement

	Frontal plane
	Sagittal arrangement

	Transverse plane
	Vertical arrangement


Centre of Gravity (COG)
· theoretical point where the weight force of the object can be considered to act 
· Depends on body position and changes of movement

· Standing in neutral position: COG approximately at the second sacral segment

· Sit-to-stand movement: COG shifted over the base of support when there is a transition from primarily horizontal motion to a vertical or lifting motion

Efficient movement of body usually involves pushing Centre of Gravity, not pulling.

The stability of a body depends on a number of factors:

1. The position of the line of gravity relative to the limits of the base

2. The weight of the body

3. The height of the centre of gravity relative to the base (if all else is equal, the lower the centre of gravity, the more stable)

Centre of Gravity: notice how it changes in an abdominal curl
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Males vs Females regarding Centre of Gravity

· Females have a lower centre of gravity and may be more stable during static activity

· Males have longer limbs and torsos

· Males have larger chests and shoulders

· Males & females are in absolute terms equally wide across the hips

· The above have not been proved to make any significant functional difference

Line of Gravity

· When the two lines of gravity are considered together and intersect at a central point ~ centre of gravity

· imaginary vertical line passing through the COG; typically assessed when standing

· LOG helps define proper body alignment and posture

· Helps define proper body alignment and posture using superficial landmarks from the head, upper extremity, trunk, and lower extremity regions

· LOG from the sagittal view: slightly posterior to the apex of the coronal suture, through the mastoid process, through the midcervical vertebral bodies, through the shoulder joint, the midlumbar vertebral bodies, slightly posterior to the axis of the hip joint, slightly anterior to the axis of the knee joint, and slightly anterior to the lateral maleolus (ACSM, 2006, p. 111, Figure 7.4, p 113)

· LOG from the frontal plane: passes through the midline of the body; and bilateral structure such as the mastoid, shoulder, iliac crest, knee, and ankles should be in the same horizontal plane (ACSM, 2006, p. 111, Figure 7.4, p 113)

· PTs need to consider the ideal line of gravity when describing postural abnormalities; typically assessed when standing

DEFINITIONS

Fulcrum – axis of rotation; where the lever pivots (NSCA, p. 54)

Line of action of a force – line along which the force acts, passing through the force’s point of application (NSCA, p. 54)

Moment (lever) arm-line starting from and perpendicaulr to the line of action of the force, extending to the fulcrum  (NSCA, p. 54) 

Torque – turning (rotating) effect of a force about an axis (NSCA, p. 54)

Muscle force: force exerted by a muscle at either of its ends when it is electrochemically stimulated to shorten (NSCA, p. 54)

Resistive force: force due to gravity, inertia, or friction  (NSCA, p. 54)

Mechanical advantage: ratio of output force to the applied force in a particular leverage system; MA > 1.0: force exerted on the resisting object by the lever is greater than the applied force; If MA <1.o: lever exerts a smaller force on the resisting object than the force applied to the lever (disadvantage)  (NSCA, p. 54)

Strength: ability to exert force (how much a person can lift; arm wresting, tug-of-war); ability to exert force at low speed; maximum amount of muscle force that can be exerted
Power: time rate of doing work [force x velocity]  where ‘work’ is the product of the force exerted on an object and the distance the object moves in the direction in which the force is exerted; ability to exert force at high speed; combination of speed and strength
Acceleration: change in velocity over time
Deceleration: decrease in velocity

Force: push or pull, tends to cause acceleration of the body

· F=ma; F=force, m=mass of the object; a=acceleration

Force-velocity relationship: the force that a muscle can exert decreases as the movement speed increases

How Do Muscles Produce Movement?

· Muscles put force on tendons which pull the bones

· Origin

· Insertion

LEVERS: Bone acts as lever, joint is Centre of Rotation (COR), muscles produce force/effort

· Lever: rigid or semi-rigid object when subjected to a force

· Axis of rotation: pivot joint of a lever

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

· Resistance arm: distance between the axis of rotation and the resistance to the force

· Resistance may be generated by body weight and weights equipment
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Factors Influencing Muscle Force Production in Movement Patterns

· Muscle strength often assessed by dynamometers (measures force or torque)

· Muscle size and architecture

· The force a muscle can exert proportional to its physiological cross-sectional area

· Affects force generation, velocity of shortening, and ROM

· Line of Pull and Angle of Attachment

· Angle of attachment helps determine the magnitude of tension produced by the muscle; changes throughout ROM

· Line of pull affects direction of movement

· Force-Velocity and Length-Tension Relationships

· Influence of Gravity

· Neural Factors

Various Biomechanical Principles

· Purpose, effectiveness and risk of an exercise or sport skill may be affected by any of the following (Griffin, 2006, p 125)

· Muscle length and force

· Biarticular muscle action

· Composition of forces

· Leverage and strength

· Direction of force application / alignment

· Alignment of external resistance

Biomechanical Factors in Human Strength

Several biomechanical factors related to physical strength (NSCA 2004, p 61)

Neural control / adaptations: initially muscle improvement in the early start of training attributed to neural adaptations in which the brain learns how to produce more force from a given amount of muscle tissue.  

Muscle cross-sectional Area: the strength of the muscle is related primarily to its cross-sectional area rather than its volume. 

Best example – two people who have different heights but same body weight and body fat % will not have the same ability to manipulate their own body weight.  Taller individual has smaller muscle cross sectional area and thus less strength in proportion to body mass.  More difficult for taller person to do exercises such as pull ups, push ups and sprints; (NSCA, 2004, p. 61)

Arrangement of muscle fibres: see NSCA, p 62

Muscle length: force capability is reduced when the muscle is either longer or shorter than its resting length

Joint angle: look at the difference between seated vs standing heel raises and joint angles of soleus and gastrocnemius)

Muscle contraction velocity: force capability of muscle decreases as the velocity of contraction increases

Joint angular velocity: during isokinetic concentric exercise, maximal torque decreases as angular velocity increases; during eccentric exercise, as joint angular velocity increases, maximal torque increases until joint angular velocity reaches about 90 degrees / second then declines gradually therefore greatest muscle force can be obtained during eccentric muscle action

Strength-to-Mass Ratio (SMR): equals the force the person can exert during a particular movement divided by the mass of the body; strength training can improve the S-M ratio only if strength increases by a greater percentage than does body weight.  Greater S-M ratio generally means improved physical performance. 

Important concept to understand as personal trainers

· equals the force the person can exert during a particular movement divided by the mass of the body

· strength training can improve the S-M ratio only if strength increases by a greater percentage than does body weight

· E.g.,  70 kg client can leg press 95 kg: SMR = 1.35; if client increases body weight to 75 kg and can leg press 110, SMR increases to 1.46.  If client increases body weight to 75kg but leg press stays at 95 kg, SMR decreases (1.26) 

· Greater strength-to-mass ratio generally means improved physical performance.

· Not all exercise programs improve SMR
· If a training regime increases body mass to a greater extent than it increases strength, then SMR declines. (NSCA, 2006, p. 65)

Sources of Resistance to Muscle Contraction (NSCA, p. 65-74)

· Gravity:  The force exerted on an object always acts downward in free weight training, direction of movement is relatively unrestricted and pattern of resistance about each body joint depends on how the movement pattern affects the horizontal distance from the weight to the joint; gravity is still the source of resistance in weight resisted machine training but the direction and pattern of resistance in weight resisted machines are manipulated by levers, gears, cams, pulleys and cables which makes it difficult to determine the actual level and pattern of resistance; look at examples on NSCA, p. 68.

· Inertia (resistance to acceleration):  ”cheat” lifting movements: when a lifter becomes so determined to increase the weight lifted that lifting technique deteriorates to permit completion of the lift; a ‘sticking point’ may occur – where there is a point in the movement at which the resistance point is too great to overcome when lifting at a relatively constant rate.  The lifter may accelerate the bar before that point so that the bar has enough momentum to carry it past the sticking point (NSCA, 2004, p. 69)  

· Elastic Resistance:  tension increases with the degree of stretching; always start with low resistance and end with high resistance

· Fluid Resistance: Examples on NSCA p. 72 with application to Exercise Machines.

· Friction

· Water (e.g. swimming)

· Air (e.g., golf)

· Hydraulic machines (liquid)

· Pneumatic machines (gas)

MOTOR LEARNING

Reference: 

ACSM. (2006). ACSMs Resources for the Personal Trainer. Sydney: Lippincott Williams & Wilkins. Chapter 8 (pp. 177-186).

What is Motor Learning?

· Movement learning

· Brain is the centre of learning, not the muscles!

· When we begin to make muscle fibres more efficient by strength training, the nervous system becomes more efficient; hence more efficient muscle contraction: adaptation = motor learning

· “long-term adaptation of the CNS to the effects of practice” (ACSM, 2006, p. 179)

What is Motor Learning?

· Long term adaptation of the CNS to the effects of practice

· Best measured by examining the performance of a client after a period of no practice – “retention test”

· Power Law of Learning

· Clients make their biggest improvements at the early stages of practice, and then the gains in improvement negatively accelerate

Growth and Development

· As the body grows and develops, changes occur that influence the mechanics of how it moves 

· Mass increases

· Limbs lengthen

· These changes affect the loads borne by joints, muscles, tendons, ligaments and bones

Strength Development and Motor Learning

· Motor learning – adaptation

· PTs must design sessions to practice and learn proper motor patterns of each exercise

· PTs need to learn proper technique and posture

Why is Motor Learning important for Personal Trainers?

· PTs design client sessions to practice and learn proper motor patterns for exercises

· PTs should be concerned about proper technique and posture associated with the exercises

· PTs must embrace the CORRECT motor pattern requirements of each exercise as well as concentrate on strength in order to instill good habits into the client

Measurement of Motor Learning

· Retention Test

You are evaluating where they are at and how quickly they learn, e.g. complex motor skills Technique training 8 – 21 hrs to change!

· Examining the performance of a client after a period of no practice

· Allows PT to see whether any improvements as a result of practice are relatively permanent

· Research shows that under demonstration and guidance, clients perform better; when guidance is removed, performance deteriorates

· Can also be applied to examine whether the performance of a client is the result of learning

· If after day or two of break, if performance picks up where it left off, a result of learning

Characteristics of Motor Learning

· Role of PT is to determine which specific exercises and movement patterns clients may perform safely without the PT present

· Power Law of Learning: Largest performance gains occur at the beginning but then decreases over time – this can impact exercise adherence

· Neurological Considerations: Motor cortex and cerebellum responsible for learning and control of movement

· CNS: motor cortex and cerebellum responsible for learning and motor control

· Human brain has capacity to relearn and retrain: important for stroke victims

Nature of Motor Skill Representation

· Long Term Adaptation called Motor Learning

· Generalised motor program

· Individual develops a spatial and temporal aspect of movement

· Ecological Psychology

· Skill emerges from CNS, structural and functional aspects of muscles and bones, and the nature f the information provided by the environment 

Learning Styles & Instructional Techniques

Stages of Learning

· Cognitive Stage

· Client ‘gets the idea’ of the movement

· Use verbal and visual cues

· Associative Stage

· Refine the general solution from the cognitive stage

· Sensory recognition to determine is movement correct (ie., may not have to ‘think’ about the motion but can ‘feel’ if it is right through muscles, vision, joint receptors)

· Autonomous Stage: Performance executed without attention or awareness

· Expert performance

Learning Styles
The three most popular learning styles that many people are familiar with are commonly known as VAK:

· visual learners: prefer using pictures, images, and spatial understanding.
· auditory learners: prefer using sound and music.
· kinaesthetic (physical) learners: prefer using your body, hands and sense of touch.
There are four others to be familiar with.  They are: 

· Verbal (linguistic): prefer using words, both in speech and writing.

· Logical (mathematical): prefer using logic, reasoning and systems.

· Social (interpersonal): prefer to learn in groups or with other people.

· Solitary (intrapersonal): prefer to work alone and use self-study.  (http://www.learning-styles-online.com/overview/)
The Experiential Approach

1. Learning by doing:  Client performs the exercise at slow and controlled pace
2. Learning by observation:  Observing the feel of the exercise
3. Learning by knowing theory:  Combination of experience and observations
4. Learning by applying the information to individual situations: How information will apply to other exercises executed?
Instructional Techniques and Methods
A person will usually learn best if they:

· know why they are learning;

· want to learn what they are learning;

· can relate to what they are learning; and,

· are able to implement what they are learning.

The first thing to establish with your client in any session is rapport which can include providing motivation.  Your role as the personal trainer can set the stage on how well the client achieves his/her goals.

After you introduce yourself, the next three phases are fairly standard in any exercise program delivery:

· Verbal instruction on how to do the activity

· Demonstration of the activity.  Your instructional position is very important to make sure the client is able to see what you are doing.  

· Have the client practice the activity or exercise.  Make sure you are in a good position to observe the client.  Do not get distracted (e.g., looking at your phone).  Provide constructive and positive feedback. 

Pre-Screening and Goal Setting

As learnt in previous units, there are a variety of measurement methods to determine your client’s level of fitness.  These may include:
· heart rate response

· pulse response

· blood pressure response

· respiration rate response

· perceived exertion

· exercise form

· work output

The important thing is to choose the appropriate measures that will address the goals of the client.  For example, the client may want conditioning in various areas including: 

· speed

· power

· strength

· flexibility

· cardiovascular endurance

· hypertrophy

· muscle endurance

· weight loss.

Principles of Practice and Goals of Training

· Specificity of Practice: 

· EG: Bicep curl – ROM, loads. And transfer to other activities

· Goals of Training: (1) powerful determinant of learning and (2) client will perform new task better if practices

· Knowledge of Results: 

· Information provided by a PT about the outcome of a movement (ACSM, p. 184)

· Goals of Training: information provided by an external agent about the outcome of a movement

· Knowledge of Practice: 

· Information provided about the quality of movement in terms of whether the movement produced was accurate with respect to the goal of the required movement pattern

· Frequency of Results & Knowledge of Performance

· Help the client discover the general idea of the task and the solution – once the client is in the process of skill refinement, must give knowledge of results/performance less than 100% of the time – this leads to better learning than providing KoR/KoP every time; otherwise PT becomes a crutch. 

· Goals of Training: information provided about the quality of movement regarding accuracy to the goal trying to be achieved

· Precision and/or Amount of Information Provided

· PTs sometimes provide too much information the first time when describing an exercise to a client – can result in paralysis by analysis; produces poorer learning then less information and less precision.  LESS IS MORE!  (NSCA, p. 184)

· Goals of Training: do not give out too much information too soon at one time

· Blocked vs Random Practice Schedules

· Research indicates that people appear to need to practice various tasks in a mixed up or random order to maximise the benefits of learning (ACSM, p. 184)

· Goals of Training: to maximize learning of a variety of tasks, do a random order

· Variable vs Constant Practice

· Variable practice: practice at a variety of tasks controlled by the same movement (generalised motor pattern)

· Goals of Training: practice at a variety of tasks controlled by the same movement class (generalized motor program)

· Demonstrations

· Two things crucial for good demonstration (1) credible demonstrator, and (2) demonstrator has to provide critical, correct information and demonstration of the pattern of motion

When establishing the goals for the client, consider who else is part of the client’s team; this means which other medical or allied health professionals does he/she correspond with.  These can include: 

· exercise physiologist

· physiotherapist

· occupational therapist

· accredited practising dietician

· osteopath

· chiropractor 

· sports physician

· medical practitioner

· podiatrist.

Additionally, when determining what methods you will use, consider the clients (1) needs, (2) time constraints, (3) experience, (4) level of condition, and (5) motivation.

Motivational Techniques

What is the primary motivation of the client?  Is it fitness related, health related, performance related, or vanity related?  What is the client’s level of self-motivation?
It is important to understand the various motivational techniques that work with particular clients in order to increase performance and adherence to exercise.  One way to assist in determining the appropriate techniques to use is to record the short and long-term responses of the client in relation to motivation to exercise.  You can then recommend and implement steps that improve exercise adherence for a client.
Arousal theories and control techniques

· We need the appropriate level of arousal / activation for the action we are to perform (known as optimal arousal), whether it is digesting a meal or catching a ball.

· The effects of arousal can be either positive or negative.

· High arousal can cause us to worry & become anxious, which is negative if it isn’t controlled.

· Raising arousal level can also cause a state of ‘readiness’ to perform – this is largely a positive aspect & can enhance performance. 

· Various Theories

· Drive Theory (Hull, 1951):  

· Key component is performer’s level of skill & sees the relationship between arousal & performance as linear: performance increases in proportion to arousal.  A very high arousal level would result in a high performance level, provided skill is well-learned.  However, if the skill is not well-learned, performance of skill will deteriorate as arousal increases.

· Inverted ‘U’ Theory (Yerkes & Dodson, 1908)
· An increase in arousal causes improvement in performance up to an optimal point (moderate arousal level). After this point, increased arousal leads to deteriorated performance. 

Zone of optimal function

· Developed by Yuri Hanin – Russian Sport Psychologist

· Athlete will perform better when their level of arousal falls into their ZOF – challenge is to find out where their level of arousal is when they perform their best.

Mental Imaging
· involves the client imagining performing a specific activity using all of their senses (sight, hear, feel and smell) in a particular environment.   The images should have the client performing successfully and feeling satisfied with their performance.

· should not focus on the outcome but on the actions to achieve the desired outcome.

· Used to: 

· Familiarise the client with a competition site, a race course, a complex play pattern or routine etc.

· Motivate the client by recalling images of their goals for that session, or of success in a past competition or beating a competitor in competition

· Perfect skills or skill sequences the client is learning or refining

· Reduce negative thoughts by focusing on positive outcomes

· Refocus the client when the need arises e.g. if performance is feeling sluggish

· See success where the client sees themselves performing skills correctly and the desired outcomes

· Set the stage for performance with a complete mental run through of the key elements of their performance to set the client’s desired pre-competition feelings and focus.  (www.brainmac.co.uk)
Personal Training Exercise Planning

Health- and Skill-Related Components of Fitness

· Muscle endurance: Ability of a muscle or group of muscles to repeatedly exert force against resistance
· Power: The rate of performing work: force x velocity
· Flexibility: The range of motion in a joint or group of joints or the ability to move joints effectively through a complete range of motion
· Body Composition: Refers to the proportion of fat and fat-free mass in the body
· Reaction time: Measure of the quickness an organism responds to some sort of stimulus
· Speed: The ability to move quickly across the ground or move limbs rapidly to grab or throw
· Coordination: The ability to stay in control of body movement
· Muscle strength: The ability to carry out work against a resistance
· Proprioception: The ability to sense stimuli arising within the body regarding position, motion, and equilibrium
· Balance: The ability to stay upright 
· Agility: The ability to quickly change body position or direction of the body
· Cardiovascular endurance: The ability to exercise continuously for extended periods without tiring
The Exercise Environment
There are three main physical environments in which to perform exercise: 
1. Indoors
2. Outdoors (Public Spaces).  Be aware that some councils charge personal trainers to use outdoor spaces.  In December 2012, Fitness Australia submitted a position paper on reforming provisions of licensing for outdoor fitness services in NSW.
3. Aquatics

Whichever environment you choose to planning and preparing the program, minimise the negative environmental impacts by effectively using energy, water and other resources.

If you are considering setting up a gym from scratch, take into account the following steps:

1. Assess the amount of floor space you have in your gym. The square footage will determine how much equipment you can purchase and how many different zones you can establish. Do not overcrowd the gym so that it hinders foot traffic or personal exercise space at any of the stations.

2. Buy equipment that caters to a wide variety of fitness goals. This will include aerobic machines such as treadmills and ellipticals, free weights, weight machines, exercise bands and stretching equipment.

3. Zone out areas of the gym based on equipment type e.g., aerobic exercise, weight machines, free weights, powerlifting and Olympic lifting, stretching and warming up, etc.

4. Place equipment for all free weights away from things that can be damaged or broken such as mirrors and windows. Allow ample space between lifting stations so lifters are not in each other's way. Leave at least 3 feet of space between free weight stations.

5. Set up tall machines, racks and dumbbells along the walls, and shorter benches and machines in the center of the zone. Group machines that work similar muscles in the same area.

6. Place weight plates close to stations with bars or machines that use them so patrons don't have to carry heavy plates for long distances.

7. Place your stretching and warm-up zone on the perimeter of the gym for easy access before and after working out.

8. Place your aerobic exercise equipment zone near the front of the gym for easy access, as this is one of the most popular zones among patrons and will be receiving a lot of foot traffic.

9. Arrange walking lanes so they span the perimeter of the gym and of each exercise zone. In addition, allow a walking lane to run down the middle of the gym for easy access to all zones as well as easy exit in case of emergency. Check your floor plan to ensure that none of the equipment blocks doorways.

(Reference:  http://www.livestrong.com/article/219573-how-to-set-up-a-gym/)
Other useful websites when establishing fitness facilities:

· Codes of Practice:  http://www.fitness.org.au/guidelines.html
· Product Safety – Exercise Cycles: http://www.productsafety.gov.au/content/index.phtml/itemId/974688
· Product Safety – Treadmills: http://www.productsafety.gov.au/content/index.phtml/itemId/973497
Exercise Analysis

1.  Analyse phases
· Up/down; in/out; push/pull; left/right
· Preparatory phase (wind-up)
· Increases ROM through which the force can be applied in the power phase
· Pre-stretch the muscles responsible for the power phase and increase force
· Power phase
· Time of the greatest force generation; part of the movement that ends with contact (e.g., batting) or release (e.g., throwing) 
· Follow-through phase 
2. Analyse joints and movements
· During concentric contractions, insertion moves towards origin
· Movements are performed at several joints
· Movements unique to specific joint
· Some movements occur at only one pair of joints
· Shoulder girdle
· Pelvic girdle
· Forward tilt
· Backward tilt
· Lateral tilt
· Foot
	Phase
	Joint
	Movement

	Exercise: Curl Up

	Up
	Spine (lumbar)
	Flexion

	Down
	Spine (lumbar)
	Extension

	Exercise: Resisted Toe Points 

	Out 
	Ankle
	Plantar flexion

	In
	Ankle
	Dorsiflexion 


3. Analyse types of contractions
· Concentric (up phase)
· Eccentric (down phase) – counteracts the force 
[image: image8.png]Phase Joint Movement Contraction
Type
Exercise: Lateral Arm Raises
Up Shoulder Jt Abduction Concentric
Up Shoulder Girdle | Upward rotation; | concentric
abduction
Down Shoulder Jt Adduction eccentric
Down Shoulder Girdle | Downward rotation; | eccentric





4. Analyse which muscles are being used
· Muscles affect movement of the joints that they cross
· “The muscle group causing the action is named by that joint and action (if the contraction is concentric).” (Griffin, p. 123)
· e.g. lateral arm raises: shoulder joint abducts in the up phase; therefore the shoulder joint abductors are responsible
· The down phase is the opposite movement but same muscles contracting eccentrically (always analyse the up-phase first)
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5. Evaluate purpose, effectiveness and risk

Purpose: what is the general purpose of the exercise?
	Checks
	Stretch
	Strength

	Attachment points
	Pulled further apart
	Moved closer together

	Muscle tension
	Slight
	Moderate to high

	Gradual feeling
	Relief and relaxation
	Hardness; fatigue



Effectiveness: how well the exercise fulfils the purpose

Risk: biomechanical risks, structural weaknesses (intrinsic risks) 
Summary of Exercise Analysis:  Questions to consider when choosing exercises.

· What is the goal of the exercise?

· What movements occur at each joint?

· What is the position of the body segment in relation to gravity?

· Is the movement slow or fast, against resistance or not?

· What muscles are causing the joint movement?

· Is the contraction eccentric, concentric, or isometric?

· Which muscles are movers, which are stabilisers?

· Does the movement achieve the stated goal of the exercise?

· Does the movement compromise the safety of other body parts?

· How can the exercise be adapted to meet the specific needs of the client?
Considerations in Program Design

· Apply the limiting factors of the body's energy systems to the setting of exercise intensities as required.

· Recognise and use symptoms and effects of specific muscular fatigue and blood lactate accumulation during muscle endurance activities to adjust exercise intensity.

· Maintain appropriate  records on the personal training plan (good for tracking as well as legal liability)

· Your organisation’s policies and procedures as well as local, state and federal Legislation and regulatory requirements.

Program phases

1. Preparation phase

· mobility

· first preparation

· pre-stretch

· specific preparation

2. Conditioning phase

· apply the training stimulus

3. Recovery phase

· stretching

· healthy eating options

· massage

· soft or gentle exercise

4. Adaptation phase

· rest

· recovery

· positive physiological and anatomical adaptations.

Client-Centred Exercise / Program Design Model (based on Griffin, 1998, 2006)
Steps in the Exercise / Program Design Model 
1. Conduct a client induction and screening before commencing to develop an exercise plan.
· Includes goal setting; explain the various types of conditioning appropriate for their goals
2. Identify the component and training method
· Cardiovascular / endurance training
· Resistance training
· Muscle balance & flexibility
· Weight management
3. Target the muscles
· Choose the goal area of the body then target primary muscle groups
· Consider muscular balance & postural stabilisers
4. Determine the appropriate joint movements or position
5. Design and modify the program accordingly
· Incorporate a competition or performance strategy into the program where applicable.

· Use the programming principles of planning for specific fitness adaptations when writing fitness exercise plans.

· Demonstrate an awareness of the client’s needs, objectives and exercise likes and dislikes when writing exercise plans.

Exercise Demonstration
a. Pre-demonstration:  Ensure client is comfortable, history
b. Demonstration:  Teach client how to perform the exercise correctly and safely
c. Client trial:  Observe carefully and provide specific feedback
d. Follow-up
Four Technical Issues 
a. Initial body position:  Posture important
b. Movement pattern
c. Cueing
· Key teaching / cueing points
· Good to highlight 3 important aspects of exercise technique
d. Safety and quality
· incorporate injury prevention strategies

Modifying the plan

· Explain to the client when he/she will be re-evaluated

· Review client goals and incorporate changes to goals into the exercise plan.

· Assess clients for relevant fitness level changes.

· Discuss any changes to the long term exercise plan with clients.

· Write revised programs and provide instruction to clients.

6. Finish with a safety check
· Risk in the design, scrutinise it for safety
· Look for repetitive forces contributing to overuse, excessive force in the development of momentum, forces applied when joints are not aligned
· Recognise the signs and symptoms of overtraining and utilise strategies for its prevention.

· Griffin (2006) p 138 has a great chart on program segment safety as well as common design and execution faults on p. 140.
· Supervise regular client exercise sessions according to the exercise plan and workplace policies and procedures.
Muscle Balance and Flexibility Program Design

Client-Centred Flexibility Prescription
· Limitation to ROM 
· 47% joint structure
· 41% muscle fascia
· 10% tendons
· Connective tissue major structure limiting joint ROM
· Factors in Stretching Prescription Effectiveness
· Stretch Quality
· Duration of the applied force
· Intensity of the applied force
· Temperature of the tissue
· Degree of relaxation of the muscle
· Type of applied force (eg. Static, PNF, etc)
· Alignment of muscle fibers to be stretched
· Number of exercises
· Number of repetitions
· Other activities in the workout
· Frequency of workouts
Controlling Prescription Factors
· Duration, Force and Temperature

· Long duration, low force elevated tissue temps – effective permanent stretch and vice versa
· Warm-up for stretching
· Muscle relaxation – do not stretch muscle in spasm – injury may occur
· Program parameters
· 1 flexibility exercise for each muscle group
· 2-6 reps each, 3 days a week, 10-60 seconds (Heyward, 2002)
Simple Stretching Cues
1. Stretch until you feel tension or slight pulling but no pain
2. Hold length of muscle until noticeable decrease in tension
3. Increase muscle length until feel the original tension level
4. Take a deeper breath and slowly exhale
Flexibility Training Methods
· Two approaches to improve flexibility
· Decrease the resistance to the stretch
· Increase the strength of the opposing muscle
· Active Loosening
· Types of flexibility training
· Static: Active and Passive
· Dynamic
· Proprioceptive Neuromuscular Facilitation
· Invokes neurological responses that facilitate stretching
· Client holds submax isometric contraction against a resistance at the end of the limb’s for about 6s
· Static stretch that follows (approx 15-30s) also stimulates Golgi tendon organs to further relax the muscles to be stretched
· Repeat sequence
· Types of PNF
· Hold-relax 
· Isometric contraction of the antagonist at the limit of the initial ROM followed by a period of relaxation
· Limb actively moves farther in the same direction against minimal resistance through the new ROM to the new point of limitation
· Effective when ROM has decreased because of muscle tightness on one side of the joint
· Contract-relax (CR)
· Similar to H-R
· You provide resistance as the client attempts to move the limb to the initial limit of the ROM of the target muscle
· Your resistance prevents the limb from moving clients muscles contract isometrically
· When client relaxes, you again move the limb passively beyond the initial limit
· C-R preferred to H-R when ROM is good and motion pain-free
· Contract-relax, antagonist-contract (CRAC)
· Similar to C-R except that after isometric contraction the client actively moves his limb into the new ROM
· Manual isometric stretch
· Advantages / Suitability of PNF
· ROM gains
· Produces strength, muscle balance, joint stability
· Increases relaxation of the muscle
· Usually need to have partner – increases rapport
· Used to stretch any muscle in the body
· Excellent opportunity to motivate client
· Approximates natural movements
· Can be adapted if don’t have partner
Muscle Balance Program Design
· Short and strong -> lengthen
· Weak and long -> strengthen
· Strengthen movement patterns NOT just muscles (Griffin page 232)
Flexibility Design Model
· Assess needs and formulate goals
· Select training method for the fitness component
· Select exercises and order of performance
· Provide prescriptive recommendations
· Provide progression, monitoring and safety guidelines
· Design warm-up and cool-down (Griffin, p. 228-299)
Precautions
Arthritis
· Very important
· Perform flexibility exercises 1-2 sessions daily
· Extended warmup to reduce joint stiffness
· Reduce exercise intensity and duration during periods of acute inflammation and pain
Muscular Imbalance
· Strengthen the weak muscle
· Stretch the shorter muscle
Osteoporosis
· Avoid repetitive exercises that involve spinal flexion or twisting
· Suggest exercises to improve posture and spinal alignment
Hip fracture / replacement
· Avoid internal rotation of the hip
· Avoid hip adduction
· Avoid hip flexion
Hip Flexors
· Hip Flexor Group of Muscles
· Psoas major (2-joint)
· Iliacus (1-joint)
· Pectineus (1-joint)
· Adductors longus / brevis (1-joint)
· Rectus femoris (2-joint)
· TFL (2-joint)
· Sartorius (2-joint)
· Thomas Test: Testing Hip Flexor Length
Personal Training Programs
RESISTANCE TRAINING
There is a difference between ‘resistance exercise’ and ‘resistance training’.  Resistance exercise is basically a single exercise session, also commonly known as a ‘workout’.  Resistance training is a combination of many consecutive resistance exercise sessions over time.  The overall program guiding the specific exercise parameters are chosen for each exercise protocol.
Most common exercise arrangements

· Exercise large muscle groups before smaller muscle groups: Most widely used
· Alternate push / pull exercises
There are a variety of exercises including:


· compound

· isolation

· body part or muscle specific

· equipment specific.

General Principles of Resistance Training Programs
1. Specificity of training – only the muscles trained

2. SAID Principle – specific demands, specific adaptations e.g. high reps gives muscular endurance

3. Progressive Overload – Load, volume, intensity increases over time

4. Variation in training – periodisation, training/recovery

5. Prioritisation of training – Difficult to train all aspects of muscular fitness at same time. e.g. hypertrophy training and speed

Factors in Muscle Conditioning Prescription
· Goals: e.g., Fitness, general conditioning, strength/endurance
· Equipment available:  machines, free weights, medicine balls, ‘freestyle’ equipment
· Training method:  Standard sets or otherwise
· Selection of exercises:  10-12 basic exercises for all muscle groups + areas of weakness or imbalance
· Order:  large muscle groups before small
· Resistance intensity or load:  70% max.?
· Resistance volume (sets, reps, freq): 2-3 sets, 12-15 reps, 60secs rest, slow to mod speed, 3 days per week
· Resistance progression and monitoring: increase reps to 20, increase load by 10% while reducing reps
· Keep records! 

Matching Resistance Equipment to the Client

· Body Weight: Most versatile source of overload
· Free Weight (dumbbells and barbells)
· Machine resistance
· Constant resistance
· Variable resistance
· 3 major strength curves
· Ascending strength curve: possible to lift more weight if only the top ½ or ¼ of a repetition is performed than if the complete ROM of a repetition is performed; e.g., squat

· Descending strength curve: possible to lift more weight if only the bottom half of the repetition is performed; e.g., upright row

· Bell-Shaped Curve: exercise which it is possible to life more resistance, if only the middle portion of the ROM is performed and not the beginning or end portions of the ROM; e.g., elbow curls

· Hydraulics and pneumatics
· Electronics
· Isokinetics 
· Elastic
· Water
Innovative Exercise Equipment

When a client comes to a personal trainer, there is an underlying expectation that the PT will do a bit more innovation than what would normally be found in a gym (i.e., machines and free weights).  Therefore, develop plans and exercise programs using non-traditional equipment to meet a client's specific needs.  Additionally, it is very important to use exercise equipment with reference to manufacturer's guidelines.  Many times PTs are innovative with their exercises without taking into consideration the risks associated with the exercise and the equipment.  If an injury was to occur and the PT was not using a piece of equipment that was recognized as an official / approved piece of exercise equipment, the PT will probably be found negligent.
If an exercise is to be modified, use a knowledge of the basic mechanics of action of exercise equipment to modify exercises for specific fitness outcomes or for safety.

There is an increasing variety of exercise equipment available to not only personal trainers but also the general public through retail outlets.  Below are some popular exercise equipment along with some useful websites identifying exercises:

	Equipment
	Website

	Medicine balls
	http://www.performbetter.com/wcsstore/PerformBetter/catalog/assets/Excercisesheets/PDF/MedBall%20Handout.pdf

	Swiss Balls
	http://www.ball-exercises.com/

	Thera- Dyna Bands
	http://www.thera-bandacademy.com/exercise/

	Bosu
	http://bosu.com/index.php?route=news/article&news_id=76

	Step Training
	http://www.acefitness.org/acefit/healthy_living_fit_facts_content.aspx?itemid=2794

	Kettlebell
	http://www.exrx.net/Lists/KettlebellExercises.html


Seven Step Model for developing a resistance training and Cardio-Vascular program (Griffin, 2006)
1. Consider Client Needs and Goals

· Needs may be related to the following:

i. Medical or high-risk

ii. Educational

iii. Motivational

iv. Results of fitness assessments

v. Physical limitations attributable to weight or orthopaedics

vi. Careful screening necessary for hypertension or lack of core strength
· Consider these questions: 

i. what muscle groups needs to be trained?  [Biomechanical analysis]

ii. what are the basic energy sources (aerobic, anaerobic) that need to be trained?

iii. what type of muscle action (isometric, eccentric actions) should be used? [Resistance modality]

iv. what are the primary sites of injury for the particular sport or prior injury history of the individual?

2. Select Activities and Equipment

· Clients select activities based on the benefits they see from their OWN perspective, not necessarily YOURS!

· How will you fill their wants and needs?

· Come up with options

· Analyse the options

· Lead the client to commitment

· Three other considerations

· Select the activities of highest priority

· Determine those that present the best combination of options

· Discuss the most effective strategy for      integrating the new activity or equipment 
· Select Activities (including Cardio-vascular activities)
· Clients will generally be most satisfied with modes of exercise that allow them to sustain intensity with some variability and with ease of monitoring (Griffin, p. 156)
· Select equipment

· Be prepared to provide guidance on appropriate quality equipment and maintenance

· Equipment should suit the anatomy, interests, and fitness levels of your clients

· Not cause overuse injuries, is low impact, provides well-rounded fitness, makes efficient use of their time

· Reasons clients do NOT want to use equipment (Dishman, 1990)

· Boredom

· Lack of comfort

· Non-Portable CV Exercise Equipment: Design/Safety Features & Matching Clients (Griffin, p. 157-158)

· Treadmills

· Stationary bicycles

· Rowing machines

· Stair climbers

· Elliptical trainers

· Transportable Aerobic Home Exercise Equipment

· Yourself (ie., Personal Trainer)

· Bench step

· Slide (big in the USA)

· Videos

· Recreational and Sporting equipment

· Skipping ropes

· Music and CD players (be aware of PPCA / APRA)

Cardiovascular Equipment

· Use the appropriate cardiovascular equipment that will meet the client's specific needs.

· As cardiovascular equipment can be quite daunting for the beginner, make sure you demonstrate the functions on the display board.  Adjust the cardiovascular equipment to suit the needs of clients.

· It is extremely important that you instruct the client on the use of cardiovascular equipment.  Many PTs skim over this; you want the client to be able to use it when you are not present.  

ACSM (1995) classifies CardioVascular endurance into three groups

· One: physical activities (PA) which exercise intensity is easily sustained with little versatility in HR response: walking, aerobic dancing, swimming, jogging, running, cycling; BEGINNING CLIENTS

· Two: PA which energy expenditure is related to skill but for a given individual and can provide a constant intensity: highly choreographed dance exercise, Xcountry skiing, skating; REDUCE BOREDOM, IMPROVE SKILL LEVELS

· Three: PA that vary in intensity and skill: soccer, basketball, squash

3. Select Training Method & Mode

· Based on 

· Stated preferences and interests

· Goals and objectives

· Availability and convenience

· Skills and background

· Suitability

· Other desired benefits

· Different types of training methods will be needed to maximise your client’s use of the required energy system (refer to Exercise Physiology ACSM chapter 6)

· Continuous Training (CT)

· Exercise at a moderate intensity with no rest intervals (Long Slow Distance)

· Advantages

· Safe, comfortable, able to produce health/CV benefits with unfit

· Generally well-suited for beginners

· Drop-out rates reduced

· Client can maintain training effect by reducing training load

· Generally less taxing physiologically / psychologically – requires minimal motivation

· Daily workouts possible as glycogen not sufficiently depleted

· Fewer injuries

· Programming will vary depending on clients

· Anaerobic threshold: when intensity level causes sharp increase in lactic acid production and fatigue

· Target Heart Rate = Resting HR + 75% (HRmax – RHR)   HRmax = 220 - age

· Interval Training (IT)

· Periods of low-intensity exercise (aerobic system) are alternated with period of higher-intensity exercise (anaerobic system)

· Advantages

· Improves body’s ability to adapt and recover

· Allows for great variations

· Stimulates aerobic system without producing high levels of lactic acid

· Achieves greatest amount of work possible with less fatigue

· Can use for specificity of training

· Can peak and athlete’s performance

· Poor condition clients can use work-relief intervals so they can complete more total work

· Symptomatic clients can tolerate low-intensity exercise for short periods

· Frequent breaks allow you to monitor client

· Greater variety becomes a motivating factor

· Know the following terms (Griffin, 2006)

· Work interval

· Relief interval

· Work-relief interval

· Set

· Repetition

· Training time

· Training distance

· IT prescription

· Two important considerations with IT programming

· Sufficient work rate

· Sufficient relief and recovery

· Constructing Interval Training (IT)

· Determine which energy system is to be improved 

· Select the type of exercise to be used during the work interval

· Select the training times, # of reps and sets, the work-relief ratio, and the type of relief interval

· Fine tune the program based on your observations

· Other Aerobic Training Methods

· Circuit Training

· Consists of 10-15 different exercise stations with circuit repeated 2 or 3 times

· Calesthenics, resistance equipment, or combination

· Relief periods important in program design

· Exercise to rest ratio 1:1

· Greater aerobic gains achieved when relief times involve aerobic activities

· Cross Training: Involves a variety of fitness activities

· Fartlek Training

· Combines elements of continuous training with interval training

· Involves fast-paced accelerations interspersed with endurance running

· Usually used outdoors

· Warm-up very important: 10 minutes of jogging with long static stretches

· Active Living

· Enhancement of the simple activities in a daily routine

· Great for sedentary adults

· Variety of prescription limited by your own ingenuity!

· Resistance Training Methods

· Standard set system:  1 or more sets of each exercise; 8-12 reps
· Pyramid System:  Light to heavy system; heavy to light system
· Superset System:  Several sets of 2 exercises performed 1 after the other with little or no rest; agonist/antagonist
· Compound or Tri-Set System:  2-3 exercises for the same body part with little or no rest between
· Plyometrics 
· Rapid eccentric lengthening of a muscle followed immediately by rapid concentric contraction of that muscle to produce a forceful explosive movement
· Hops, bounds, depth jumping
· Use judiciously and adhere to guidelines highlighted by Griffin (2006)
· Circuit Weight Training System (40% - 60% max (RM) 15-30 s recovery)
· compromise between muscular conditioning and aerobic conditioning 
· Produces 5% - 11% increase in aerobic capacity compared with 15%-20% increase with other methods of aerobic training over the same period (Gettman & Pollock, 1981)

· Split Routine System
· Exhaustion Set System
· Forced Repetition System
· Periodisation 
· Systematic changes in the prescribed volume and intensity during different phases of a resistance training program
· Four phases
· Hypertrophy
· Strength/power
· Peaking
· Recovery
· Also may hear: micro-, meso-, macro cycle
· Linear periodisation 
· Non-linear periodised programs
4. Set exercises and order of performance
· Consider physical limitations, past injuries, other conditions
· Consider the following criteria:
· Successive exercises that do not involve same muscle group
· Prescribe large-muscle, multiple-joint exercises
· Work areas of weakness or imbalance at beginning
· Prioritise sport-specific movements for athletes
· Choose functional exercises
· Large muscle exercises – warm up set w/ less weight
· Prescribe 1 exercise for each muscle group that maintains agonist/antagonist and bilateral symmetry
· Include stabilisers later in the session
· Choose exercises that complement the training method
5. Set Intensity (Weight and / or Mode)
· Intensity is the most important and complex determinant
· Too high: clients discouraged, risk injury

· Too low: results deferred, objectives unmet

· Calculating Exercise Intensity

· Depends on access to test data, your experience, availability of monitoring equipment, client’s exercise program and level of fitness

· Primary methods of calculating

· With assessment

· MET level

· Graph method

· Percentage of HRmax

· Without assessment

· Percentage of HRmax (estimated)

· HR Reserve (HRR)

· MET Level Method (VO2 Reserve)

· Metabolic Calculations

· Graph Method

· Percentage of Maximum Heart Rate

· Percentage of Maximum Heart Rate (indirect estimate)

· Heart Rate Reserve (HRR)

· Difference between maximum HR and resting HR

· General guidelines for selecting intensity

· 60%-80% of VO2R

· 60%-80% of HRR

· 70% - 85% of HRmax

· You can also use Borg’s Perceived Exertion Scale

· Basic Principles to Follow:

· Consider the information gained from the assessment

· Start at a lower intensity and increase the volume of work gradually

· Consider the relationship of intensity to the other programming factors

· Duration, frequency, mode

· Consider the personal goals of the client

6. Set Volume (Duration & Frequency)

· Important prescription factor; heavy enough to cause temp discomfort and momentary muscle fatigue
· Volume = sets x reps x load; rest between sets and speed of movement all contribute to total ‘time under tension’
· Duration

· Total work done

· Body responds well to workouts lasting 20-30 minutes

· Low fitness: 10-20 minutes

· Average fitness: 15-40 minutes

· High fitness: 30-60 minutes

· Frequency

· Depends on the duration and intensity of the session

· Intensity low and duration is short, more sessions per week

· Very Low fitness: 1-2 days/week (if ‘I’ and ‘D’ low)
· Low fitness: 3 days/week

· Average fitness: 3-5 days/week

· High fitness: 2-4 days / week

· Work-a-day then rest-a-day: improve CV health, lower incidence of injury, achieve weight-loss goals 
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Griffin J (2006). Client-Centered Exercise Prescription, 2nd Ed.  Champaign, IL: Human Kinetics, p. 195.
7. Address Progression and Monitoring

· Challenge: find a rate of progression that builds capacity w/o overtraining or reducing compliance

· Progressive overload
· Shape overload to suit client
· To ensure safe and efficient progression, modify only one volume at a time
· Strength-endurance increase reps to 15, increase load and drop reps back down
· 5%-10% increase load very tolerable
· Progression

· Rate of improvement depends on age, functional capacity, health status, objectives

· Fastest rate of progression during first 6-8 weeks

· Stages of Progression

· Initial conditioning (4-6 weeks)

· Longer warm-ups and cool downs

· I: 40% - 60% of HRR

· D: 12-15 min up to 20 min

· F: 3 times / week on non-consecutive days

· Improvement conditioning stage (16-20 weeks)

· More rapid progressions

· I: 50% - 85% of HRR

· D: increasing 2-3 weeks up to 30 continuous min.

· F: 3-5 times / week

· Maintenance conditioning stage (after 6 months)

· Maintenance of an energy cost comparable to that of the conditioning stage

· Workout altered to include cross-training activities (more group 2 and 3 activities)
· Progressing from Beginner to Advanced

· Beginners
· Correct technique stressed
· Resistance and volume low
· Advanced
· Move slowly into multi-sets
· More technical exercises
· Advanced modalities
· Monitoring

· Regular feedback for clients

· Basis to judge the effectiveness of your exercise programming

· Trends that are invaluable for planning changes or progressions

· Record data

· Monitor heart rate (consider investing in HR monitor e.g. POLAR)

· Other effective means of monitoring include:

· Ratings of perceived exertion (RPE)

· The talk test

· Pedometers

8. Design Warm-Up and Cool-Down

· Warm-Up

· Effects

· Increase HR, BP & O2

· Dilates the blood vessels

· Increase elasticity of muscle and connective tissue in gradual fashion

· Duration should be longer if intensity of segment is high or client’s fitness level is low

· Cool Down

· Should gradually decrease the cardiac work and metabolism with low-level aerobic activity similar to the preceding aerobic segment

· Those with high CV risk, cool-down crucial. (blood pooling, high concentrations of exercise hormones)

· CD proportionate to intensity, mode, duration and client’s level of fitness

· Moderate intensity – allot for CD period equal to 15% of time spent exercising; ensure HR < 100 bpm or within 20 bpm of original HR

Program Variables

1. Choice of exercises
· Related to the biomechanical characteristics of the goals targeted for the improvement
· Primary exercises or assistance exercises
· Multi-joint or single-joint exercises
· Bilateral or unilateral
2. Order of exercises – important variable that affects the quality and focus of the workout; sequencing
· Large muscle group before small muscle group
· Multi-joint before single-joint exercises
· Alternating push/pull exercises for total body sessions
· Alternating upper/lower body exercises for total body sessions
· Explosive/power type lifts before basic strength and single-joint exercises
· Exercises for weak areas (priority) performed before exercises for strong areas of the client
· Most intense to least intense
3. Resistance and repetitions used – key variables in resistance training
4. Number of sets of each exercise
5. Changes to movement including direction, range, lever length, complexity and speed
6. Changes in frequency 
7. Changes in type of program
8. Changes to environment
9. Duration of rest period between sets and exercises  - rest periods play an important role in dictating the metabolic stress of the workout and influence the amount of resistance that can be used during each set or exercise.
· Very short rest periods – 1 minute or shorter
· Short rest periods – 1 – 2 minutes
· Moderate rest periods – 2 – 3 minutes
· Long rest periods – 3 – 4 minutes
· Very long rest periods – 5 minutes or longer
Spotting in Resistance Exercise
· Know proper exercise technique
· Know proper spotting technique
· Be sure you are strong enough to assist the lifter with the resistance being used to get help
· Know how many reps the lifter intends to do
· Be attentive to the lifter at all times
· Stop lifters if exercise technique is incorrect or if they break form
· Know the plan of action if a serious injury occurs
First class lever: lever which the applied and resistance forces act on opposite sides of the fulcrum [e.g., triceps extension] (NSCA, p. 54)


Axis of rotation between the load and the force arm


Used in balancing weight or to change the direction of the pull


Few in the human body


E.g., splenius muscle acting to balance head on atlanto-occipital joint





Third Class Levers: the most common in the human body; lever which the applied and resistive forces act on the same side of the fulcrum, but with the resistive force acting through a longer moment arm than that of the applied force, the providing a MA of less than 1.0 [e.g., forearm during the arm curl exercise] (NSCA, p. 54)


Axis of rotation at one end, resistance at the other end and the applied force in between


Most common type of lever in the body


Effort lies between the Fulcrum and the Load


Bicep Curl: elbow (F), the hand and its contents are the resistance (or load) and the biceps muscle (E)


Main purpose: to obtain rapid movement





Second class lever: lever for which the applied and resistive forces act on the same sides of the fulcrum, with the resistive force acting through a moment arm shorts than that of the applied force --- mechanical advantage greater than 1.0 [heel raises]


Axis of rotation at one end and applied force at the other with resistance in between


Applied and resistance forces act on the same side of the fulcrum, with resistance force acting through a movement arm shorter than that of the applied force


Not many of these levers seen in the human body


Good outside example: wheelbarrow, calf raise
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