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REVIEW
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 
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
Long Term Exercise Planning

· Develop objectives for the long-term program and each phase of the program, in consultation with the participant.

· Adaptations may include:


· aerobic endurance

· energy system involvement

· muscle groups

· involvement of aerobic responses such as:

· substrate utilisation

· heart rate responses

· ventilation responses

· cardiovascular endurance

· muscle group involvement

· energy system

· involvement of cardiovascular responses such as:

· blood pressure

· heart rate

· vascular shunting

· vasodilation

· hypertrophy

· low volume and heavy load stimuli for fast twitch fibres

· high volume and low load stimuli for slow twitch fibres

· muscle tension

· local muscle endurance

· number of sets

· repetition maximum

· recovery

· exercises

· neuromuscular coordination

· sets and repetitions

· exercise type

· exercise technique

· safety considerations

· skill foundation

· power

· sets and repetitions

· repetition maximum

· recovery times

· exercise techniques

· strength

· sets and repetitions

· repetition maximum

· recovery times

· exercise techniques

· stretching and flexibility

· sets and repetitions

· recovery times

· exercise technique.
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
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