Fitness training Lecture 1
What is performance? Manner or quality of functioning, any accomplishment. Can be many things (usain bolt, weight loss, injury recovery
Physical fitness and health
Adults: very little PA required, 21 minutes per day for adults/60 minutes for children. Law of diminishing returns: it’s easy to get healthy, hard to win Olympic gold. You have to find the optimal balance between input and output. 
Met = unit of intensity, 1MET= sedentary behaviour, person at rest. 1MET = 3.5ml of oxygen/minute
Sedentary + Inactive = not moving, no PA
Inactive, Not sedentary = 
Sedentary & Active = meets requirements and spends day sitting
Active, not sedentary = does PA requirement and does other PA/movement
Being sedentary accounts for 51% of risk to disease and death in Canada (world). 
Higher v02 max = more health
Determine goals: Short vs long term (SMART – Specific, measureable, attainable, realistic, time related)
Volume of physical activity = FrequencyxIntensityxTime
Overload: to improve fitness levels, prescribed levels of physical activity must be greater than normal for the person > duration & intensity
Golgi tendon organs: tendons at the base of muscles, when the muscle is exposed to weight the organs eventually adapt and stay contracted and allow you to lift more weight
Specificity: to produce a specific adaptation, the overload must be applied in a specific way. Best way to train for running is to run. 
 Blood pressure: 120/80 is normal, 121/81 to 139/89 is pre hypertensive, 140/90 is hypertensive
Know about diastolic/systolic pressure
Warm Up
Why does the body heat up? Because any metabolic reaction produces heat
ATP:  3 systems that produce heat are: **
How many kJ of energy do you liberate for every 1L of O2 consumed? Multiply kcalxkj
SENSE: Start Exercise Nice and Slow Every time
Make sure you are sweating by the end of the warm up
Once core temp goes up by .3 degrees you are warmed up
Ficks principle: V02 = (a-v)O2 difference x cardiac output (HRxSV)
Why is a warm up important? Viscosity of synovial fluid lowers and reduces resistance to movement, more absorption of force. 
Warm up makes the blood become less saturated with oxygen, and it is now in the body tissue to fuel metabolism. Bohr’s curve?
Faster muscle contractions, faster reaction time, faster rate of force development
General portion:
· 5-10 minutes
· Involves large muscle groups
· Relative intensity of 40% to 60% of V02 max
· Can employ sport specific activities
Specific portion
Why static stretching isn’t good before sport: you are pulling the muscle and therefore you can’t create as much force
Why stretch?
· Decrease risk of injury
· Increase subsequent performance
· Injury reduction – increase muscle compliance
· Performance enhancement – increase range of motion in joints for optimal outcome
Good to know difference between muscle spindles and golgi tendon organs. Spindles are involved with contraction, golgi tendon organs are involved with prohibition 
Research suggests dynamic stretching is the preferred option for stretching during warm-up. 
More important to have good warm up and proper blood flow than to stretch, no proof that stretching prevens injury, however it is important to stretch after an exercise to bring muscle back to original resting state. 
PNF stretching is most valuable to increase range of motion. 

Lecture 2
Smart Goals, FITT Principle
Overload: To improve fitness levels, prescribed levels of physical activity must be greater than normal for the person. As we adapt, must change the workout to keep our bodies overloaded. 
Planning a warm up
General portion
· 5 -10 minutes
· Involves large muscle groups
· Relative intensity of 40-60% v02max
· Can employ sport specific activities
Specific portion
· 10 – 15 minutes
· First, DYNAMIC stretching through sport specific ROM
· Then, activity-specific movements of increasing intensity (sprints, bounding)
3 types of stretching
Static: slow and constant stretch for 30 seconds
Dynamic: functionally based stretching exercise that uses sport specific movement – also called mobility drills – start slowly, gradually increase speed and ROM. 
Ballistic: explosive movement that lengthens muscle
Benefits of dynamic stretching vs cold stretching: increased blood flow, muscle compliance, wakes up the muscle
Static streatching compromises performance. Best down as warm down routine or in a separate session. 30-40% v02 max clears lactate build up. 
American college of sports medicine recommends: increase in muscle extensibility, all major groups, stretches held for 30s, each stretch repeated 2-4 times, at least 2-3 sessions per week. 
Flexibility training: commonly used during rehab to restore muscle length, rom, and align collagen fibres. 
main purpose of GTO’s and spindles is for protection. 
When the muscle lengthens, the spindle is stretched. Spindles control the rate of change. (Ex: contracts muscle when you are lowering a weight)
GTO:  when too much force is generated, GTO is activated, decreases muscle contraction and force, causes us to drop a weight that is too much for us, preventing tears, etc. 
Reciprocal vs. Autogenic Inhibition: when you contract one muscle, the other muscle (reciprocal muscle) stops it. 
Autogenic inhibition: the same muscle is being inhibited
When you have both, you have PNF stretching: passive prestretch during hold-relax with agonist contraction PNF hamstring stretch. 
Can david exercise? Word of mouth is not enough, need proof, cover yourself legally, ensure you have medical clearance
 Heart rate max: sets parameters for his intensity
Heart rate reserve: best way to set intensity
What is fitness? How efficient the body is at using oxygen
V02 max plateaus, peak peaks
Arterial oxygen – venus oxygen x cardiac output = v02
Normally active untrained college-aged students = 38-42 ml
Declines in active people after age 25-30 by 1% per year. 
Men at 27 women at 32.. life begins so less time to train
Maximum HR declines because there is atrophy of the muscle (heart) strength of the system becomes weaker. 
Lactate threshold: as intensity increases, so does lactic acids. In aerobic endurance events, the best competitor among athletes with similar v02 max values is  
Exercise economy: a measure of the energy cost of activity at a given exercise velocity, an improvement in exercise economy can enhance maximal aerobic power and lactate threshold, movement efficiency. 
How to improve this? Improve your technique, power (stride) total body strength
Best v02 max is to run because you are using the whole body and all muscles. 
Karvonen method ***
%HRR = Resting HR + (HRmax – Resting HR)
Lecture 3
Key point from ficks principle is : difference in arterial vs venous blood
Lactate threshold: when lactate is building up more quickly than your body can process as a fuel, important because then you can use carbs and fat as fuel until the very last moment when lactate as fuel finally kicks in. 
1:1 relationship between heart rate and bpm and vo2 max. 
Heart rate reserve = age predicted maximum heart rate – resting heart rate
Target heart rate = (HRR x exercise intensity) 
Know the different types of aerobic endurance training programs
Know the difference between cross training, detraining, tapering, resistance training 
Steps in a program
1) Needs analysis 
· Evaluation of the sport
· Movement analysis (tennis example, you want to train lateral movement)
· Physiological analysis (want to increase cardio to be able to last)
· Injury analysis (tennis elbow, ankles, etc.)
· Assessment of the athlete (training status: previous training, level of intensity, etc., physical testing and evaluation: relate to athletes sport, use results of movement analysis to select tests, compare results with normative, primary resistance training goal)
2) Exercise selection
· Core vs assistance exercises 
· Structural (directly loads the spine) and power exercises(structural but performed quickly or explosively)
· SAID : specific adaptation to imposed demands, ties into specificity
· Do not assume they will perform the exercise correctly, provide instruction
3) Training frequency
· How can you speed up the training process? Nutrition > what is available as fuel
· Beginner:2/3 intermediate: 3/4  advanced: 4-7
Over reaching: training aggressively intentionally to rebound so you get the peak in performance
Over training: just training too much which leads to injury, fatigue, etc.
· Other training: take into account their job, other training, practice in a sport
· Pre exhaustion: burn out fuel in muscle so perceived weight in new exercise in higher
· Superset: same exercise 2 muscles (push pull/push pull, etc.)
· Compound set: different exercises working same muscle
1RM: greatest amount of weight that can be lifted with proper technique for only repetition
RM: most weight lifted for a specified number of reps
Plyometric exercise: explosive movement extend the muscle as much as possible, then contract as fast as possible
Lecture 4  - extra notes
Lecture 5 
Previous class: 
RMR decreases with age (sarcopedia?)
1k weight loss (1/3 is fat free mass, 2/3 is fat mass)
Drop in RMR that is not explained by loss of FM+FFM
If you gain weight, bmr goes up, if you lose weight, bmr goes down
Whenever we lose weight, we have a desire to gain it back immediately, increase in appetite signals (grelin) activity drive goes down. 
Can never eliminate fat cells once theyre in your body, can only shrink them
Exercise: some better than none, more better than some
2-3-5  rule: 2kg with exercise, 3kg diet, 5kg with diet and exercise
Combination is best. Use exercise as a buffer when you initiate program design. Use their BMR as the baseline, any exercise they do is buffer/bonus
Dead lift: short arms vs long arms
Assignment details: reference original text not lecture notes, include more graphs, tables, pictures, etc.
Plyometrics
Mechanical model: hard, actual outcomes that you can see and palpate (tendons, muscles). Elastic power in muscle can be translated into power. 
SEC (Series Elastic Component): elastic chain within muscle, that you can use to harness energy. 
Plyometrics are advanced motions for advanced athletes
Neurophysiological model: Involves potentiation (positive loading of muscle, allows you to potentiate a greater force). Ex: could you jump higher if you started from squat or went down and then jumped up?
Loading of muscle means you can do more 
Stretch reflex: body’s involuntary response to an external stimulus that stretches the muscles (muscle spindles). When you potentiate, you activate spindles. 
Stretch shortening cycle: employs both methods.
3 phases: eccentric, amortization (brief period at bottom before you kick back up), concentric 
Program design: 
Mode – Lower or Upper body, Sport, Athletes capability
Work = forcexdistance Power = work/time. Do more over less time
Upper body: medicine ball sit-up: too great range of motion if you go all the way down, no time/activation for potentiation. Quick and small rom are better
Intensity: controlled , as intensity increases volume should decrease to protect athlete. 
Frequency: 2-3 days, DOMS: caused by eccentric contraction because: fewer fibres recruited, so force per fiber is increased, and tears them
Recovery : 5-10s between reps and 2-3 minutes between sets
Why is adequate rest important? PC stores have to replenish
Volume: lower body: expressed as contacts per workout…upperbody: throws or catches per wokout
Beginner: 80-100
Intermediate: 100-120
Advanced: 120-140
Beginner is someone with no plyo but has exercise experience. 
Program length: 6-8 weeks, vertical jump height improve as quickly as 4 weeks. 
Progressive overload: continuously adding weight, difficulty, over time. 
Warm up: plyometrics have to begin with general warm up, stretching, specific warm up
You want to prime the body for the stretch shortening cycle. Relate the warm up to what you will do 
Don’t land flat in plyometric exercises
Harder on the muscle to go top to bottom as opposed to bottom to top
October 22 Lecture
Plyometrics: 
· Mechanical model
· Neurophysiological model – potentiation*
Stretch reflex
What proprioceptor is responsible for ‘stretch reflex’ – muscle spindles
3 phases of stretch shortening cycle: ECC, amortization, concentric
Example* - loading for a jump, going down, exploding, 
Thermo-Regulation 
Principal function: maintain body temperature
Heat balance: S = M – W -+ C -+ R -+ K – E
S= rate of heat storage
M= energy expenditure
W = mechanical work
C = convective heat exchange
E – evaporative heat exchange
At rest: produce 120 Watts
During exercise: approx. 500 watts, plateaus and then drifts up slightly ~550
Heat convection: 
Two types: natural (heating the air around you) forced (fan, wind)
Evaporation: affected by surface area of skin, occurs during change of water(Sweat) to vapour
Radiation: driven by the skin-air temperature gradient and the effective radiant field (other heat) heat emitted through electro mangetic radion in the infrared portion
Changes in body temp are sensed by: 
1) Central thermoreceptors (hypothalamus, spinal cord, brain stem) – more powerful
2) Peripheral (skin, blood vessels, viscera) – react faster
Core temperature:
Normal range: 36.5 to 37.5
Function compromised outside 33.5-41.5
How do we stay in this range? 
1) Skin blood flow
2) Sweating  
S = (M-W) – (C+R+D)
Change in core temp determined by:
· Total heat storage (heat production – loss)
· Body mass
· Body composition 
Conventional wisdom: 
· Fat has a low heat capacity
· High level of subcutaneous fat will insulate from heat loss > but skin bloow vessels bypass this fat
Does a high vO2 max improve temperature regulation? No. 
Fit people generate more heat than unfit
Sex related difference in thermoregulation – females have lower sensitivity – lower heat loss
Exercise performance in heat
3 sources of limitation
· Critical core temp
· CNS reduces neural drive to exercising muscle to cool down
· Cardiovascular system
· Anticipatory regulation
2 main questions:
1) Does dehydration impair heat loss – yes because you don’t have as much water to sweat out which helps cooling
Post Midterm Lecture – PED’s
Anabolic steroids > growth of tissue + secondary sexual characteristics 
Patented in 1939 > tests on roosters. German scientists> Ruzicka and Wettstein
Androgenic > growth in sex-related tissues
In women: ovaries, in men: testicles. 
Improved recovery > increased training volume
Half life* > when half of the drug has been used up
Testosterone > half life is 4 hours
Changes to the drug occur to make the half life longer so it stays in your system longer. 
Inhibits your natural production of hormones
Excess testerosterone > turns to estrogen > leads to bigger breast tissue. 
Increase in muscle mass but no increase in strength. Why? Water retention
EPO> tell your body to produce more blood cells
Miostatin: muscle inhibiting chemical naturally in the body. 
1976 IOC bans steroids. 
How they work? Improved recovery which leads to increase in training volume. 
Side affects: liver damage, increased BP, high cholesterol, acne, baldness, virilisation in women, stunted growth, sterility. 
[bookmark: _GoBack]Blood doping: red blood cells (from a donor or previously removed) or EPO are injected, increase allows muscles to work longer and harder without cramping. 
Lecture November 12
Steroids lecture: know what steroids are good for hypertrophy/endurance, questions on ethical themes. 
Midterm review:
Type 2 diabetes: high blood sugar
Pancreas doesn’t produce enough insulin/cells don’t respond to insulin that is produced
^ blood sugar produces : frequent urination, thirst, hunger
2 ways 
#1: when you take In sugar>  Eating
It is an inability to process sugar
Insulin mediated glucose uptake  > insulin is needed in order to take up glucose into the body. 
#2: activity > as intensity increases, glucose intake increases. 
Contraction mediated glucose uptake > 
When we eat> more glucose > more insulin
When we don’t eat > pumping glucose into body as fuel > catabolic
Lypolytic > break apart fats. When we are in a storage phase we don’t want to break apart fats. If you eat something you inhibit lypolytics. No need for body to push fuel into blood. 
Type 2 diabetics don’t have a good lypolytic effect. They resist it. So they would eat something, but would still produce insulin, continue to produce fatty acids, creates a ‘soup’ of sugar, insulin, rise in free fatty acid , results in triglycerides
How do we manage T2D? 
Diabesity: dual epidemic > it is increasing at almost the same rate/frequency as obesity
How to screen for diabetes:
1) Fasting Plasma Glucose test: you fast and your glucose levels are measured after a certain period of time. Levels are: >7.0mmol/L is diabetes
· 6.1-6.9 impaired fasting glucose
2) Glucose is given and then blood samples are taken afterwards to determine how efficient you are at clearing it from the blood.  Levels: 75g OGTT >11.1 is diabetic
· 7.8-11.0 impaired glucose tolerance
3) A1C: takes a measure of your blood sugar level for the past 2/3 months. A1C > blood cells become ‘sugar coated’. Greater than 6.5% hemoglobin with sugar means you have diabetes. 
· 6.0-6.4 prediabetes. (25-50% chance)
Prediabetes: on your way to developing 
Know the cut off levels
Why 6.5 for FPG? Where the levels spiked for 3 different populations regarding retinopathy (blindness)
Pros and Cons
FPG:  
· P: established, fast and easy, single sample
· C: not stable, day to day variability, inconvenient to fast,
2HPG:
· P: established
· C: sample not stable, day to day variability, inconvenient, cost
A1C: 
· P: convenient, single sample, low variability, long term
· C: $$$, affected by medical conditions, ethnicity, cant use for <18, pregnant women, or suspected T1Dm
Metabolic syndrome: 
· Elevated waist circumference, elevated triglycerides, reduced good cholesterol, elevated blood pressure, elevated FPG
Do we need to screen for people with T1DM? No. it is a chronic autoimmune condition with destruction of pancreatic beta cells. 
How to reduce risk? Intensive lifestyle modification with weight loss can reduce the risk of progression from pre-diabetes to t2dm by almost 60%. Progression from pre diabetes to t2dm can be reduced by metformin by ~30% 
Metformin: absorb more sugar from the blood
PA checklist: Do a minimum of 150 minutes of moderate-vigorous intensity aerobic exercise per week. Include resistance exercise >2 times a week. 
Recommendations:
People with diabetes should
1) Accumulate minimum 150 minutes pa, 3 days a week, no more than 2 consecutive days without exercise. 
2) Resistance exercise: at least 2x/week, preferably 3x. in addition to aerobic
3) Set specific PA goals, anticipate barriers, develop strategies, keep records of their PA
4) Structured exercise plans
5) Medical evaluation
Speed, Agility, and Speed Endurance Development independent Lecture
Speed: skills and abilities needed to achieve high movement velocities
Agility: skills and abilities needed to explosively change movement velocities or modes
Speed endurance: ability to maintain maximal movement velocities or repeatedly achieve maximal accelerations and velocities
Maximum power is usually produced at 30-50% of maximum force and velocity
Impulse: change in momentum resulting from a force. Basic objective of training is to move the force-time curve up and to the left, generating greater impulse and momentum.
RFD: rate of force development
Stretch shortening cycle: ecc/con coupling phenomenon in which muscle-tendon complexes are rapidly and forcibly lengthened or stretch loaded and immediately shortened in a reactive or elastic manner; spring like counter movement of many functional tasks. 
Reactive ability: characteristic of explosive strength exhibited in SSC actions that can be improved through reactive-explosive training
Reaction time: relatively untrainable and correlates poorly with movement action time or performance in many explosive events. 
Running speed = frequencyxlength
Primary method for speed and agility development is execution of sound movement technique in a specific task. Secondary methods include sprint resistance and sprint assistance training. Tertiary methods include mobility, strength , and speed-endurance training. 
