Kinesiology 1020 – Winter Term 2014 Exam Review

Bioenergetics 
Energy Systems
Phosphagen 
· Immediate source of energy
· Sarcoplasm 
· Anaerobic 
Glycotic 
· Glucose as source of fuel 
· Sarcoplasm 
· Occurs in presence and absence of oxygen 
Oxidative
· Glucose and lipids as a source of fuel 
· Mitochondria 

Energy Production Pathways 
Phosphagen
· Creatine kinase enzyme aids the production of ATP 
· ATP  + Cr   ADP + PCr + H 
· When hydrogen concentration increase enzyme will work towards the left 
· Myosin ATPase hydrolyzes ATP 
· PHOSPHOCREATINE sets the limits of the muscle 
· Myokinase makes ATP when PCr finished 
Glycolysis 
· ADP build up leads to the use of glycolysis as a means to make ATP 
Anaerobic 
· Muscle glycogen as a source of fuel which is broken down by phosphorylase
· No ATP is made 
Aerobic
· Blood glucose as a source of fuel 
· Pyruvate is converted into acetyl CoA by pyruvate dehydrogenase 
· Occurs in the mitochondria 
· Glucose 6 in made into Fructose 6 phosphate by an enzyme PFK

MSD I – Muscle Fatigue
· Muscle fatigue is defined as a decline in force production and maintenance
· Problems can be traced down to central or peripheral fatigue sites

Central Fatigue Sites Consist of the Following:
· 1. Voluntary movement- motivation
· 2. Motor Cortex 
· 3. Supraspinal Outputs (Coordination of efferent and afferent signals) 
· 4. Upper and lower motor neurons  
· lack of motivation is due to pain 
· ratio of iEMG ( total electrical signal sent from CNS to muscles/ upper motor) to CMAP ( lower motor neurons) 
· Exercise decreases iEMG- smaller portion of electrical signal reaching the muscle

Peripheral Fatigue Sites
· 5. Neuromuscular junction (NMJ) (generation of action potentials)
· signals from alpha motor neurons releases acetylcholine which stimulates muscle fibres which then sends the action potential to the sarcolemma, moving down to the T-tubule with then stimulates the sarcoplasmic reticulum with releases calcium 
· 6. Sarcolemma, T-tubule, Sarcoplasmic Reticulum 
· 7. Metabolic System 
· 8. Actin and Myosin interactions 

No signs of fatigue are noticed in the NMJ
Fatigue at the Sarcolemma
· a in change in membrane potential is noticed
· membrane potential becomes more positive (increased excitability) with exercise

Fatigue at the T-tubule
· the strength of the action potential is decreased 
· hence less stimulation of the ion channels leads to a decreased release of calcium 

Fatigue at Sarcoplasmic Reticulum (SR)
· less Ca is being released by the SR at every action potential ontop of  the decreased action potential 
· More calcium is staying within the SR 
· There is a reduction in the amount of Ca being reabsorbed so more stays within the vicinity of actin and myosin which causes a delay in relaxation times 

Fatigue and Metabolic Pathways 
Phosphagen Stores
· provide immediate source of energy 
· Creatine phosphate is stored in the muscle 
· Reduced stores can bring on fatigue faster
· Increased [H+] from the hydrolysis of ATP lowers the pH 
Anaerobic Glycolysis 
· Glycogen is the source of fuel which is stored in the the muscle 
· Decreased stores bring on fatigue
· Carb loading is effective in reducing 
Aerobic- Oxidative
· The build up of reaction oxygen species (ROS) 
· Increased intensity of exercise leads to an increase in ROS production 
· ROS damage muscles by tearing proteins and lipids 

Fatigue: Actin and Myosin Interactions
· The detachment of the two rquires the use of ATP 
· Exercise decreasing the [ATP] and increases Pi, which delays detachment of the action and myosin fulaments
· As well the hydrolysis of ATP increases [H+] which decrease pH which further disrupts the activity of the myosin ATPase enzyme. 
· Decrease in pH also decreases sensitivity of troponin to calcium because H+ block active sites 
· Increase in ADP 
· Increase and changes in temperature 

Putting it all Together
Calcium Overload Hypothesis
1. problems with calcium transportation 
a. Ca is either stuck in the SR, or is not being taken up again by it
2. Decreased action potential transmission to T-tubuel
3. Reduced calcium sensitivity due to drop in pH caused by the build up of H+
4. Increased calcium in myplasm leads to problems with muscle relaxation 
· Evidence shows that 
· Continuous stimulation of muscle leads to the lowering of force production
· Increased calcium also causes the release of enzymes that breakdown of proteins – Proteases
· Calpain Proteases are recruited when Ca levels rise

Metabolic Hypothesis (peripheral site)
1. reduced ATP concentrations which causes a switch over to aerobic metabolism with is slower 
a. production of ATP is an issue 
b. and fuels for different pathways are a limitation 
2. limited O2 availability or reduced production rate of ATP
3. damage due to ROS

MSD II- Muscle Pain and Soreness
· muscle protein is often found in the blood 
· soreness is due to the release of rhabdomyolysis, which is released after insult to skeletal muscle
· Causes
· Due to increased muscle use
· Convulsions
· Inflammation
· Drugs/genetics

Stages of Functional Limitations
Initial
· 24 hrs
· muscle tissue is disrupted
· increase in [Ca] – reduced relaxation
· increased ROS , decreased ATP
· muscle loss
Autogenesis
· 30-60hrs
· protein is broken down by Clapian proteases and ROS
· Inflammatory Response
· Neutrophils, macrophages accumulate in muscles and remove waste
· Reduced blood flow to area
Phagocytosis
· Increase in pain and pressure and size of lesion
· Cytokines clean up 
· Some degeneration also 
Regeneration 
· Muscle cells still not full- empty 
· Hypertrophy 
· Damaged cells are removed

Example ;Fibromyalgia 
· Bodywide pain is experienced
· Causes are still unknown- but some believe that patients brains respond to pain differently 
· Symptoms – pain in tender points 
· Treatment- stress relief, therapy 

Summary 
Problems are seen in : 
1) Motor cortex output 
2) NMJ and downwards 

MSD III- Chronic Restrictive
· Chronic disability and progressive degeneration of muscle
· Classified into two types of MSD II disease 
Primary Diseases
· Originating from within the muscle; contractile units, metabolic
Secondary Diseases
· Pathology originates outside of the muscle; neuromuscular, nerves, joints, inflammatory, immune system
Symptoms
· Muscle atrophy (wasting away of muscles) 
· Muscle weakness 
· Pain-inflammatory 
· Spams
· Increase in muscle stiffness and fat
· Decrease in muscle glycogen and increase in myoglobin

Central Factors
Upper Motor Neurons 
· Stroke; where muscle bulk is still well preserved
Upper and Lower Motor Neurons
· Muscle wasting, denervation leading to paralysis 
Neuromuscular Junction 
· Lowered action potential delivered to muscles

Peripheral Factors
· Internal Membrane System
· Reduced electrical input
· Reduced Ca release
· Metabolic 
· Lack of enzyme to break down glycogen etc. 
· Muscular dystrophies: progressive degeneration/ weakness

LIST OF DISEASES
STEINERT’S DISEASE OR MYOTONIC MUSCULAR DYSTROPHY
· Muscle remains in “spasm” or becomes stiff after slight use and exercise
· Stiffening increases with lower temperatures
DUCHENNE MUSCULAR DYSTROPHY
· Children and males
· Affects ability to gain and decrease muscle mass
· Patients are often wheelchair ridden
· Affects the pecs/arms and legs 
· Memorization tool: (david for duchenne) David used legs/arms and is wheelchair ridden
BECKER MUSCULAR DYSTROPHY
· Similar to duchenne but milder
· Patients experience cardiorespiratory issues 
· Males 
EMERY DREIFUSS
· Childhood – teens and males 
· Pecs/arms and lower legs
· Extreme heart problems 
· Extreme version of david
LIMB-GIRDLE 
· Teen-adulthood and male and females
· Slowly progresses from the pelvic girdle to pectoral girdle to legs/arms
· Radiates outward from the pelvic girdle 
· Unable to walk
FASCIOSCAPULUHUMERAL MUSCULAR DYSTROPHY 
· Affects the face and scapula, as well as the humerus 
· Affects both males and females
· Diagnosed usually live a normal life and about 50% can not walk
OCULOPHYRANGEAL
· Affects the eyes and throat
· Onsets at age 40 and over
· Causes weakness in the regions and swallowing problems 
· Also predisposes people to pneumonia and choking 

Aging and Sarcopenia 
· Improving and maintaining muscular strength early on can decrease risk of functional limitation at old age by 50%
· MRI is most accurate way to measure but BIA (Bioskeletal Impedence analysis) is used more often due to cost
Causes
· Loss of hormones (estrogen/progesterone aid in BMD)
· Loss of type II muscle fibers (fast twitch) increase in slow twitch
· Sarcopenia: loss of skeletal mass
· Apoptosis: Programmed cell death
· Caspases enzymes that degrade DNA and proteins
· Apoptosis Inducing Factors
· Increase in [Ca]
· Increase in ROS
· These factors cause the release of caspases 
· Mitochondrial dysfunction may also lead to AIF 
· Training can improve calcium handling and increase the function of mitochondria


Physical Fitness
BALANCE
· Spastic lock co-ordination b/w 
· 1. Ear- semicircular canals
· 2. Kinesthetic sensors (muscles, tendons, ligaments)
· 3. Vision 

Semicircular Canals 
· loop filled with fluid and particles 
· through movement of particles the hairs lining the canal are disturbed, letting body know of the movement occurring 
· fluid continues to move even after one has stopped moving (causes dizziness) 
· located above vestibule

Kinesthetic Sensors 
1. Muscle Spindles 
· Proprioreceptors located inside skeletal muscle fibres
· Provide information on muscle tension, length and load
· More muscle spindles are located in smaller muscles for fine motor skills 
· Inhibit contraction of opposing muscle
· Muscle Spindle Reflex: maintains position by initiating contraction 
2. Golgi Tendon Organs
· Located inside tendons close to muscle insertion 
· Is protective and inhibits contraction 
· Detects muscle tension 
3.   Joint Kinesthetic Receptors 
· Connective tissue 
· Signals extremes of joint range
· Dynamic movement only 
· Passive movement 

Factors Affecting Balance
1. weight
2. fear
3. center of gravity 
4. age- (loss of strength which affects balance)

FLEXIBILITY
Limiting Factors
1. Mechanical: large bones and muscle bulk 
2. Soft tissue crossing joint: tight or lose ligaments and joints than pair/impair flexibility 
a. Scar tissues can limit flexibility due to perpendicular growth in relation to your muscles
3. Temperature: warm muscles have increased flexibility by 20% 
4. Age 
Testing
1. Gonimetry: measurement of joint angles 
2. Performance Test: actual practical testing (sit and reach)
a. Obesity and limb length are factors to consider 
3. Flexometer: for research, attach instruments to limbs and measure angles 
Stretching
· Proprioceptive Neuromuscular Facilitation (PNF)
· most likely to result in injury but most effective to improve flexibility 
· done to relax antagonist muscles 
· Muscle Spindle Reflex
· Contraction to RESIST STRETCH 
· Golgi Tendon Reflex
· RESIST CONTRACTION by relaxing 

Causes of Back Pain 
· Degenerative 
· Vertebral misalignment 
· Osteoporosis is the decrease in bone density 
· Disc herniation – no symptoms and fixed through surgery 
· Hypolosdosis: back is too straight
· Lordosis: back is too curved 
· Smokers experience increased lower back pain 
· Excessive coughing 
· Unfit

SPEED
· Components of speed 
· Reaction Time- initiation 
· Movement Time- rate of propelling 
Nelson Reaction timer 
· Small amount of alcohol improves reaction time 
 
AGILITY
· How fast one can change direction 
· Coordination of balance 
· Males more agile 


Cardiorespiratory Fitness 
· VO2 max- maximal oxygen consumption 
· Maximal rate of oxygen consumption to make energy 
Respiratory System 
1. Conductive Zone 
· Dead airspace/ no gas exchange
· Brings air in; humidifier, filter, warms air 
· Mouth, nose, larynx, trachea, bronchi 
2. Respiratory Zone
· Gas exchange
· Bronchioles, alveoli 
· Diffusion 
Inspiration: external intercostal muscles are at work to expand ribs. Air moves in through negative air pressure inside the lung 
Exhalation: is a passive motion, unless it is forced which is internal intercostal muscles 

Tidal Volume: amount of air in/exhaled at rest 
Residual Volume: the amount of air remaining in the lungs after full forced exhale 
Total Lung Capacity: Max amount of air in lungs with max inspiration 
Vital Capacity: max amount of air exhaled after max inspiration 

Heart
· Ventricles away from heart, atria receives blood 
· Right side of heart to/from lungs 
· Left side of lungs to/from body 
· ECG measures the activity of the SA node
Blood Flow 
1. oxygen deficient blood enters PULMONARY ARTERY going to the lungs to drop CO2 and pick up O2. 
2. Oxygen rich blood then comes back to the heart through the PUMONARY VEIN, to left atrium, then ventricle 
3. The blood is then sent to the rest of the body through the AORTA 
4. The blood then comes back through the Superior/inferior vena cava and veins. 
· Atrial walls are thin which helps with the overfilling of the ventricle which helps create a stronger contraction through build up of pressure. 
· Called ELASTIC EJECTION RECOIL FRACTION

Stroke Volume: amount of blood pumped out from ventricle each minute 
CARDIAC OUTPUT (Q) = HR (bpm) * SV (ml/beat)
· Elites are untrained hearts have the same Q at rest, but elites have a higher HR at work 
CaO2%: total number of O2 molecules in arterial blood 
SaO2%: total % of hemoglobin saturated with O2

FOR ELITES EVERYTHING IS MORE EXCEPT : 
TRANSIT TIME AND CaO2%- these values are less

Stroke Volume 
· Size of heart chambers is a factor (bigger = more)
· Peripheral resistance 
· Increased pressure make it harder for teh blood to be emptied out of the heart
· Decreased pressure makes it easier to empty out the heart
· VASODIALTION decreases resistance which occurs during exercise 
· VASODIALTION increases the ejection fraction 

O2 Consumption 
· Oxygen consumption is used to generate ATP 
· Oxygen consumed = energy produced AT REST 
· O2 Deficit lag time from when oxygen uptakes meets requirements of new activity, this is because during the start up of a new activity requiring more energy the aerobic system doesn’t kick in right away 
· MET compare values at rest
· 1 MET = 3.5mL/O2/Kg/min 
Fick’s Equation 
· O2 consumption dictated by 
1. O2 delivery 
2. O2 extraction 
· since oxygen is in the blood , increased blood delivery , increases oxygen delivery 
· blood delivery can be increases by:
· increasing heart rate
· VO2 = Q X (CaO2 – CvO2) 
· Q= O2 delivery, CaO2 – CvO2 = O2 extraction 
· Increased Q= increased VO2

Hemoglobin (Hb)
· A hemoglobin molecule is known to be saturated when 4 oxygen molecules bind to it
· Elites have an increased concentration of Hb molecules
· Transit Time: Amount of time Hb has to exchange gasses in the capillaries 
· due to the increased stroke volume in elites, transit time is decreased which leads to a lowered CaO2%
· But the Q compensates for the lowered CaO2 content 
· Hyperoxic air helps elites fully saturate their Hb but not untrained because their Hb are already saturated
· Surface Area amount of RBC/Hb; blood doping increases RBC count 
· # Capillaries increase number of capillaries to increase diffusion 

VO2 Max Test 
Submaximal 
· less risky alternative to maximal testing 
· usually done on a  bike as opposed to a treadmill for 
Primary Criteria- Plateau  
· Plateau/ drop in max O2 uptake 
Secondary Criteria 
· HR: when a heart rate of more than 90% of the age predicted max heart rate 
· RER: ratio of VO2 (volume of expired CO2) to consumed O2- VO2
· Value must be more than or equal to 1.10 = anerobic metabolism 
· Blood Lactate: More than or equal to 8mmol/L
· Ratings of Perceived Exertion (RPE) : more than 17 
· 6-20 scale


Respiratory Exchange Ratio 
· RER (ratio) is different depending on what fuel is being burned
· Amount of oxygen needed to breakdown each fuel source is different 
· RQ=0.7 = 100% fat is being burned
· RQ=1 _ 100% carbs being burned 
· RQ=RER only at steady stare exercise
· RER is estimate of RQ
· RQ: Ratio of VCo2 to VO2 at cellular level 
· RER: ratio of VO2 to VCo2 at mouth level 
· During exercise acid-buffer system creates CO2 so RER doesn’t equal RQ
· Bicarbonate binds with lactic acid to make CO2 and H2O
· Called LACTATE/ VENTILATORY THRESHOLD – no longer steady state 
· Ventilatory Threshold point which ventilation increases and is no longer proportionate to oxygen intake
· Tvent: point where CO2 increases due to krebs cycle and acid buffering
· Increase in CO2 increases ventilation 
· Hyperventilation is an attempt to get rid of extra CO2 
· Exercise increases Co2
· Lactate threshold is increased in trained individuals and can carry stay are steady state longer

VO2 Theory 
· You deliver and extract more oxygen 
· Increase HR NOT SOL’N: Actually decreases stroke volume because heart doesn’t have enough time to fill properly 
· More Blood Per Beat --- pssble Sol’n 
· More O2: with increase exercise more O2 is delivered 
· Tvent: is trainable
Training 
· FITT Principle
· 3-5days/wk
· 20-60min of aerobic 
· aerobic, rhythmic

Carbohydrate Loading
· increasing body’s glycogen stores reduces fatigue 
· only useful for activities longer than 90mins
· Modest carb restriction for 3 days before an event 
· In nonleaded state body uses more fat
Creatine Supplementation 
· Meat 
· Stored in muscle 
· Power, resistance activities
Sodium Bicarbonate
·  Since lactate is buffered by bicarbonate this may be used in high intensity events
· GI discomfort 
Caffeine 
· Is banned but can improve performance by 10-15%
High Fat Diet
· Fat has more calories, diet consists of >50% fat intake. 
Cardiovascular Disease
Atherosclerosis 
· Build up of LDL 
· WBC oxidize become foam cells and turn into plaque 
· Cholesterol/TAG is carried inside LDL 
· Scar tissue/cap forms which cracks and causes THROMBOSIS
· THROMBOSIS: Local formed mass 
· Embolus: breaks off of thrombosis and travels elsewhere 
Blood Pressure
· SYSTOLE heart contracts, forcing blood to leave the heart 
· DIASTOLE relaxation of heart 
· Increased blood pressure knocks plaque off of the walls which may block some arteries
· Blood vessels
· <130/<85

Myocardial Infraction /Angina
· Blockage of coronary artery 
Testing
· Stress test: certain problems are only identified when under stress, ST depression in ECG is seen
· Angiography: shows blood flow using radioactive dye
Treatment
· Nitrates which help widen blood vessels 
· Angioplasty (stent and balloon)
· Coronary bypass
· TECAB- less invasive compared to coronary bypass

Deep Vein Thrombosis 
· Form in leg due to stagnant blood 
· People who are hypercoagulable blood 
· Compression socks, filters and anti-coagulants may help 
Pulmonary Embolism
· when the clot moves to the lungs
· leads to tissue death 
Aneurysms 
· weak/thin spot on blood vessels that balloons out and fills with blood
· usually no symptoms for small ones
· larger ones show symptoms due to pressure on surrounding tissue and nerve
Strokes
· Ischemic blockage
· Hemorrhagic bleeding from burst aneurysm
· Subarachnoid bleeding the space b/w brain and skull. (burst of aneurysm) 
· Intracranial Bleeding inside of the brain
· Treatment 
· Microvascular clipping
· Occlusion  and bypass
· Endovascular (coiling)
Risks
· Saturated and trans- unsaturated fat increases risk of heart disease
· Poly-unsaturated it good
· Also substitution carbs for all monounsaturated increases fat (fat is important)
Monkey Study: HEALTHY DIET IS IMPORTANT ALONG WITH EXERCISE 

Respiratory Diseases 
Pulmonary Circulation Diseases
· Vessels ability to uptake oxygen and release Co2 is affected 
· Clotting and scarring of the blood vessels
Pulmonary Embolism: Blockage of pulmonary artery 
Pulmonary Arterial Hypertension:
· High blood pressure in lung arteries causing stiffening and vasodilation of arteries 
· Heart tries to contract harder to get blood to lungs which leads to heart failure
Pulmonary Hemorrhage:
· Bleeding in lungs that leaks to alveoli 

Restrictive Lung Diseases
· Lung structure are affected 
· Too tight vest, deep breathes are hard
· Difficulty expanding lungs 
· Reduced TIDAL VOLUME, CAPACITY, RESDIDUAL VOLUME ,VITAL CAPACITY 
· Respiratory muscle need to work harder and demand more oxygen, which leaves less O2 for the rest of the body 
· Alveoli fibrosis makes gas exchange impaired 
· MECHANICAL AND GAS EXCHANGE ARE IMPAIRED
Scoliosis
· Curved spine leaves little space for lung expansion 
· Only way to treat is to undergo corrective surgery to straighten spine
[bookmark: _GoBack]Pulmonary Fibrosis 
· Thickening/scarring of lung walls 
· Infection and environmental causes
Sarcoidosis
· Genetic
· Lumps of fibrosis tissues-GRANULOMAS
· Immune system attacks own body 

Airway Diseases 
· Narrowing/blockage 
· Breathing through a straw 
Asthma
· Bronchoconstriction 
· Too much mucus, cilia become overwhelmed
· ASTHMA REMODELING: After long unsolved asthma structural changes occur
· Coricosteroids to treat
Chronic Obstructive Pulmonary Disorder
· Bronchitis + Emphysema(less alveoli units)
· Smoking  and environmental 
· Right ventricular failure 
· O2 deprived areas constrict, and directs blood to areas of high O2 
· Bronchitis 
· Cough/mucus, viral meds are given and O2 therapy 
· Emphysema 
· Loss of alveoli units
· Less surface area
· Increased residual volume 
· Decreased elastic recoil 
· Interval training at high intensity is prescribed 

Cystic Fibrosis 
· Increase in salt levels that cause thick mucus to build up in lungs 
· Salty sweat
· Sweat Chloride Test 
· Fatty bowel movements
· Antibiotics, bronchodilators, lung transplant, therapy 

 Osteoporosis 
·  The fetal skeleton develops at 18 weeks
· Ossification  Mesoderm Cells  Cartilage  bone 
· Women’s BMD (bone mineral density) declines after menopause 
Causes
· Diet lacking calcium, vitamin D
· Hormone imbalance
· Hormone replacement therapy actually increased the risk of CVD
Bone Remodeling
· Osteoclasts degrade bone, osteoblasts rebuild 
· DEXA is used to determine bone density 
· Caffeine decreases the ability to absorb calcium
· Alcohol decreases BMD
· Toxic to osteoblasts
· More protein doesn’t help increase the absorption of calcium 

Infectious Disease 
· Virulence how easily agent is able to spread
· Viruses target specific tissues, while bacteria target the whole organism
· Viruses are composed of RNA core with capsid
· Hemaglutinin how virus gets into the cell 
· Neuramindiase how virus gets out of the cell 
· Retrovirus use reverse transcriptase to make viral DNA from RNA
· Chain of infection 
· Pathogen reservoir Portal of exit  means of transmission  portal of entry new host
POINT OF ENTRY 
· Skin, mucus membranes, swallowed and destroyed by stomach acid 
INFLAMMATORY RESPONSE – NON SPECIFIC _ INNATE
· Infection  histamine released (increase blood flow to area)
· WBC- phagocytes are recruited along with clotting factors
· Lymphatic system
· Swelling redness 
· Macrophage engulfs virus 

SPECIFIC IMMUNE RESPONSE 
· Antigens located on the surface of invaders which triggers a response
· Macrophage engulfs and displays antigens on the outside 
· Helper T cells trigger Killer T cells and B cells 
· Be cells are used to make antibodies after the FIRST exposure 
· Killer T cells recognize and kill invaders
Infection Stages
Incubation multiplication of virus, no symptoms but still contagious
Predormal some symptoms arise
Clinical disease appears
· Mild exercise strengthens immune system
· J curve – high intensity weakens immune system for short time (less immunity)
· HIV 
· Virus attaches to CD4 receptors of T cells
· Prions: proteins travel inside brain and cause inflammation 
· Treatment for HIV
· Reverse transcript inhibitors
· Protease inhibitors
· HAART therapy  

Cancer
Cycle 
1. Genetic mutation due to environment and genetic factors
2. cell abnormality multiplies 
3. Tumor forms (benign or malignant)
4. Metastasis 
Cancer Genes
· DNA Repair Genes fix mutations before they can be replicated in DNA 
· Tumor Suppressor Genes stop, control cell growth 
· Oncogenes accelerate growth
· cancer stages are based on size and blood supply
· Cytokines slow growth of cancer cells
· Angiogenesis increased blood supply 
· Breast cancer is related to issues with the tumor suppressor gene

Female Athlete Triad 
Low energy availability 
· Eating disorders 
· High exercise regime 
· Intake and expenditure are not balanced
Amenorrhea
· Period irregularities due to lack of energy deficits
· EUMENORRHEA 26-20 days
OLIGOMENORREA >30 but less than 90
AMENORREA more than 90 days apart
· 2000 calories
Osteoporosis
· Female athletes often have low BMD 
· Due to loss of period there are no spikes in estrogen and progesterone which allow bones to respond to PA and increase in density 

Fitness Assessment of Athletes
· Recognizing you are not the coach and convincing the coach of the importance of testing
· Constructing appropriate tests
· Determine which fitness components are relevant and how they will be evaluated
· Interpret results of testing 

BFOR
· BONA FIDE OCUPATIONAL REQUIREMENTS
standard must have purpose and connected to the job performance 
· Undo Hardship
· If the accommodation of the needs of the individual or class of individuals affected would impose undue hardship on the person who would have to accommodate those needs considering health, safety, and cost.
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