Fitness Principals: Second Half

Ficks Principal:
· V02 = (atrial-venous)O2 difference x cardiac output
· For every 1L of blood going through capillaries, 0.17L of O2 is being consumer
· If max cardiac output is 25L of blood per minute….vO2 max is 4.25L/min
· Reductions in arterial O2 concentration:
· Composition of air remains remarkably constant between sea level and about 300,000 feet (90km)
· Without enough oxygen in the air we will not be able to pass the oxygen into our cardiovascular system
· 750-760 is the basic barometric pressure (it can fluctuate even at sea level)
· decreases exponentially as you get above sea level
· different times of the season cause fluctuations deciding whether it is possible/impossible to climb (in November barometric pressure would not be sufficient to allow you breath  couldn’t climb it)
· Nascal concae (allows us to humidify and warm air as we inhalf it through the nose)
· We saturate the air with water
· Upper recursae airway (aunatomic dead space – no alveoli) 500ml is resting tidal volume (occupied by anatomic dead space – 150ml of tidal volume) alveoliv “tidal volume” is 350ml
· As we increase in pressure we can increase the depth of breathing  less relative anatomical dead space
· We split into the various types of broncahe’s then into the sacks known as alveoliv (air sacks)
· Cross the respiratory membrane into the blood from here, they have high surface area (surrounded by high density of blood vessel)
· Oxygenated blood then heads to the left ventricle to be sent through the entire system
· How much oxygen do we need?
· (760-47) x 0.21 = 149  47 is water pressure**
· oxygen cascade (basically the oxygen transport chain)
· air inspired out mouth, into alveoli, defused into arteries, passed on towards capillaries, defused into cell
· we lose oxygen at every step!!
· 1. Partial pressure of O2 increases, partial pressure of CO2 decreases. They fight for equilibrium partial pressure
· 2. Fixed law of diffusion (volume of gas diffused across a given membrane proportional to partial pressure gradient of a given gas, inversely proportional to the thickness of the respiratory membrane, proportional to surface area (150m2 in lungs)
· emphasyema – destroying alveoli
· edema – fluid building up on your lungs
· 2% of deoxygenated blood can “shunt” directly from one ventricle to the next
· 3. Oxygen left over in the venous system (unloading oxygen tissues (decrease of affinity from hemoglobin to hold onto oxygen))
· dotted line indicates the minimum amount of oxygen that can be in the body before it begins to affect ATP production
· lots of buffer room
· though evolution at 98% of saturation of hemoglobin for oxygen, we can live at any altitude and still be functional
· partial pressure venous blood is what determines diffusion into the arterial system (40mmHg)
· PO2 lower in lung than in the air
· Mixing with CO2
· Lower in artery than in alveoli
· There is not perfect diffusion, though there is a high surface area and thin membrane, high rate of diffusion across the respiratory membrance
· Most blood is able to diffuse but some of it is lost
· There is a little shunt from the right ventricle to the left ventricle (mixing deoxygenated blood with some oxygenated blood)
· Lower in capillary than in artery
· PO2 decreases significantly to allow the blood to diffuse through the capillary into the cells
· Dotted line is the critical amount of PO2 needed in order to successfully crry the oxygen to the cells
· Altitude and Relative Intensity:
· At sea level only really using 50% of vo2 max
· High altitude we use 70% of our VO2 max while on exercise bike
· Closer look at blood:
· Plasma (55-60%)
· Fluid consiting of:
· Water (90%)
· Dissolved plasma proteins (7%)
· Other solutes (3%)
· Formed elements (40-45%)
· All cells and solids
· Dissolved O2 in blood plasma:
· For each mmHg of PO2  0.03ml of O2 dissolved / L of blood
· How much can )2 dissolved in blood per minute if PO2 of 95mmHg and: cardiac output is 25L/min
· O2 bound to hemoglobing:
· HbO2 (sat) contains 1.34 m; )o2/g of Hb
· Hb blood = 140 g of Hb/L of blood in F
· Hb blood = 160g of Hb/L of blood in M
· At full saturation: 100%:
· How much O2 is bound to Hb (M) if cardiac output is 25 L/min?
· What proportion of total blood O2 content is in:
· A)blood plasma
· B) Hemoglobin
· Answers:
· Red blood cells are packed full of hemoglobin, there are about 500 million of them per ml of blood and contain 150 mg of Hb
· 95 mmHgx 0.03 mL/L blood 
· (95 x 0.03) x 25 l/min = 71.25 ml O2/min
· resting oxygen consumption is 300mL O2/min
· (1.34 x 160) x 25 = 5360 ml O2/min
· a) in blood plasma = 1.3%, in b) Hb = 98.7%
· Homologous Blood Doping:
· Hook him up to IV, remove blood from the system, spin it to separate the plasma and the erythrocytes, freeze erythrocytes, remove blood, and pump him with the red blood cells
· Initially he will be anaemic once he removes blood, increase in red blood cell production
· Detection of reticulocytes is what allows people to get caught
· Decrease 02 delivery to kidneys  kindneys increase erythrocropetin secretion  increase in plasma erythroprotein  bone marrow increases production of erythrocytes  increase in blood Hb concentration  increase in blood O2 carrying capacity restoration of O2 delivery
· QUESTION: based on the fundamental physiology that you already know, name THREE potential problems associated with these doping practices, these can be health risks and/or performance inhibitors
· With anemia your VO2max will temporarily go down
· Possibility of contamination
· Kidney and spleen problems (regulation of amount of blood cells)
· With too many blood cells, it will increase rate of destruction
· Increase risk of hemorrhaging and blood clots due to increased viscosity and high BP
· Doping an untrained person
· Would it improve performance of untrained person during endurance event?
· lower aerobic capacity, less mitochondria will not be able to process the O2, more venus return, lower stroke volume
· NO – increases oxygen carrying capacity (increase oxygen in arterial blood), but without the increased mitochondrial mass growth coming with training, the increased levels of blood won’t have anywhere to go
· Doping strategies:
· Following increase in EPO mature RBC’s begin to appear after 7 days
· Each EPO does increases Hb blood 1g Hb/L blood
· RBC life cycle lasts 120 days
· Transfused RBC last 30-60 days
· After 3-4 weeks of elevated RBC levels above normal, rate of RBC destruction is increased 
· Based on this info what would be a good doping strategy ahead of comptition for:
· A) autologous doping
· B) EPO doping
· ANSWER:
· A) self-doping, period of anemia, don’t want to do it far ahead of time because of destruction of blood cells
· Just getting back to regular levels after 4 weeks, but don’t want to run into training deficits (2-6 weeks ahead of time)
· 2 months would be good
· need to infuse sometime between 30-60 days ahead of time (minimum of 4 weeks)
· rate of death of RBC is 1% a day (this increases as blood cell #’s increase)  need to keep going to make up for the ones that are lost
· micro-dosing may take place from 4-12 hours ahead of time
· B) 1-3
· Catching cheating:
· 1. Hematocrit limits:
· no greater than 60% must account for location of blood draw
· naturally high hematocrits, its important the location where they are testing 
· 2, Urinary plasticizers: di-ethylhexyl phthalate (DEHP) comes from IV bags
· 3. Low levels of reticulocytes: ratio of mature to immature RBCs are calculated
· 4. Low levels of 2,3-DPG: 2,3-DPG degrades with time so stored RBCs will have lower amounts, indicates “age” of RBC (the waste in the middle of a red blood cell)

Exercise Technique and the Big 3:
· exercise technique:
· proper technique is important when injury reduction is a priority
· improper exercise technique will stall progress
· when combined with progressive overload proper exercise technique leads to increase strength and general fitness
· increasing workload increases likelihood of deviating from the ideal technique
· Squat:
· Squat is one of the few exercises that almost everyone can agree upon as a great training option
· Good for quadriceps, use squat as assessment and rehab exercise
· Perfect Squat:
· Bar pressed down onto back maintain full body tightness
· Keep hands in as close as possible to flair up traps and give a “shelf” for thebar
· Break at the hips hist and not at the knees
· Keep chest up and head neutral, extend at thoracic spin
· Knees track over 2nd and 3rd toe
· Maintain head and back position
· Bar should remain in line with ankles at all times
· Descend until thighs reach minimum of 90 degrees
· Heels should remain on the ground throughout movement
· Maintain truck ankle on upward drive while initiating the movement with hip extension
· Bar position determines back angle
· Why use high bar squad:
· More emphasis on quads, if lacking shoulder external rotations or thorasic spine extesion, it will be easier, high bar allows for more upright torso
· Why use low bar:
· More emphasis on hip and lower back, can increase maximal lifting ability, hips gain mechanical advantage, helps girls work more on hips and hammys
· Back friendly bar position:
· Limited ankle dorsiflexion: bettwer suited to low bar squats, those with pre-existing back issues: better suited for high bar squat
· Squat Stance:
· Personal preference and comfort
· Limitation in hip external rotation should try more parallel stance
· Inability to internally rorate hip better with toes pointed out
· Squat progressions and cues:
· Goblet box squat, goblet squat, back squat to box, front squat, back squat
· Secondary tools: bands
· Two cues: hips back, elbows under bar to keep chest up
· Perfect deadlift:
· Feet hip width apart, head back in neutral position, arms straight and shoulder ahead of bar, bar should be touching shin, hips higher then knees, pull tension out of the bar, weight is on heels, hips and shoulders should rise together until bar is at knee level, at this point hips must extend while also extending the knees, lockout with hips and knees fully extended and flutes under tension with the chest held high (avoid hyperextension of the L-spin)
· Basic deadlift types:
· Hex bar deadlifts: lower shearing forces on spin, elevated handles easier with hip and ankle mobility restrictions, easier to maintain neutral spin
· Sumo Deadlifts: good with those with mobility restrictions, long torso and short arms, shorter ROM can be very hard on hips
· Concentional: most advanced, requires sound ankle, hip and thoracis mobility, lack of mobility will inevitably lead to lumbar flexion
· Stratify your client:
· Important to understand WHY you are using deadlifts with each client 
· Certain clients will obviously allow for more risk taking while others mut be monitored more closely
· Considerations:
· Lumbar hyperextension: lacks ability to fully activate glutes in terminal hip extension, exhibit a compensatory pattern
· Elbow flexion:torn biceps are common occurrence
· Stiff legging: due to knee injuries, reduction in weight usually helps elminate
· Stopping short: the more quad dominant one is the greater the anterior pelvic tilt and the harder it is to lockout a deadlift
· Bench Press:
· Used for chest development, best choices for anterior upper body development
· Perfect Bench:
· Feet flat pushing through the heels, squeeze shoulder blades together, grip bar with hard full grip, tight hips and knees pushed out, let bar settle after lift off, tear bar apart, tuck the elbows, touch the base of the sternum, on way up make sure elbows remain underneat you, follow natural bar path, keep tension throughout lift
· Foot position:
· Tucked back underneat, underneath your knees, out in front of body
· Grip width:
· Wide grip, moderate grip (90 degrees), narro/close grib (sholder width apart)
· Considerations:
· No leg drive, no upper back tension, lack of control on eccentric portion of the lift, elbows flare on the way ip, inconsistent bar bath

Training Questions, Myths and Misunderstandings:
· question 1: running styles: whats the deal with all of these weird five finger shoes?
· Why do we run:
· Don’t have a choice, best way to achieve our weight loss goals, fun rewarding and relaxing, simple inexpensive and natural form of exercise
· But: why is that running injuries make up a large proportion of client base and some studies suggest that out of all runners 80% will have some sort of injury on a yearly basis?
· How do we run:
· Approx 80% of recreational runners are heel strikers
· 3rd world barefoot cultures we see almost no heel striking
· heel striking reduces the elastic response our body has naturally bilt into it. No only saps valuable energy from our stride but increases injury risk
· theoretical construct:
· ground reaction force upon impact is “considered to be the most basic element which causes running related injuries”
· myth 1: shoes cushioning prevents injury by reducing shock:
· foot connects us to the ground, it informs us about the surface and adapts our movemnts
· foot has lost a lot of tactile perception since it has now become lazy due to constant protection
· risk of injury is higher in those that wear these fancy shoe as they force you to become a heel striker
· hav running shoes been proven to reduce risk of injury?: NO, there have never been and statistically significant reduction in jury rate for those individuals wearing shoes
· Myth #2: Causes of Running Injuries:
· Believe that injuries are most often caused by external factors or intrinsic factories
· Reality is that approx 80% of injuries occure due to an increase in running itself (training volume)
· Look for slow progressions in volume and intensity (no more then 10% weekely) and make sure to consider your speed and interval work
· Myth #3: Running Frequency:
· Running only a few times (2-3) per week with corss-training in between is better then daily running
· No study has successfully quantified optimal or ideal training frequency
· Majority of running injuries inolve tissue that is well adapted to less intense repeated stress therefore not a bad idea to spread the same volume out over more days rather then condense it
· Myth #4: anatomical abnormalities:
· High arches, low arches pronation etc increase injury
· Not good predictors of injury 
· Become a risk primarily if boy is not adapted to them, primary influence of weakend glute muscle on injury risk
· My #2: Deep Squatting is bad for your knees:
· Common misconception: myth traced back to study from 1961 Dr. Karl Kelin 
· Claimed that it increased laxity in ACL and collateral ligaments with an increased instability in the knee
· Tested 128 competitive weightlifters with experience in deep squat and 360 college students with no experience
· He exerted pressure on each side of knee and took a reading from a dial similar to a blood pressure cuff
· Design flaws: tester could push harder and harder on knee to secure a particular reading, tester classified the subject as a squatter or non-squatter before taking a reading, no other training protocol was evaluated for comparison
· Current studies have disproved Kleins assumptions and found no correlation between deep squats and injury risk
· Reseach has clearly shown that properly executed deep squats do not increase knee laxity/instability, deep squat can actually increase muscle recruitment which can lead to increased performance
· Myth #3: Resistance Training Will Stunt Growth in Children:
· Injury risks typically included damage to growth plates and premature closure of the epiphyses, where the idea of student growth occurred
· Gymnasts and weightlifters = short?
· Do display slower growth rates but not related to their training
· Largely a result of selection because of an advantage for shorter athletes in the sport
· When properly performed restistance training is both safe and effective for both children and youth
· Must be within a child’s or adolescent’s capacity and involved gradual progression under qualified instruction and supervision with appropriate sized equipment, can lead to functional and health benefits
· Strength gians: lead to stregth gain in prepubescents
· Strength increases of 13-20% in preadolescent children following programs that were 8-20 weeks long
· Health concerns: 
· No damage is done to epiphyseal plates, cartilage or ligaments, damange to epiphyseal plates may be less likely in children then adolescents because growth plates may actually be stronger and resistance to various forces
· May be most opportune time for the bone modeling process to respond to compressive forces from RT
· Regular RT can maximize bone mineral density during childhood and adolescence
· Shown to be potent osteogenic stimulus
· Myth # 4: Spot Reduction IS possible:
· Fat loss is very individualized and depends greatly on genetic makeup, cannot yet predict which area of the body will lose fat for a given person
· Specific exercises will not increase fat loss in specific area, the body loses fat where it wants, and when it whats THEREFORE ALL EXERCISE WILL WORK
· Typical “spot reducing” workouts include mostly isolation exercises

Speed, Agility and Power Development:
· essentials:
· technical precision and speed of execution are fundamental goals of any athletic movement
· speed is the ability to achieve a high velocity in any movement pattern, 
· though false, speed is often perceived as independent from strength
· the ability to brake change direction and accelerate again is often more important then simply generating speed
· agility requires rapid force development and high power output combined with the ability to couple eccentric and concentric movements (plyometrics)
· POWER = force x distance / time
· Strong or fast or both
· Execution time of most athletics tasks is approximately 0.1-0.2 sec
· Maximum force production requires anywhere from 0.6-0.8 seconds
· Agility, Speed and Power goals:
· Magnitude and rate of force production are equally important
· Basic onjective of speed and agility training is therefore the ability to increase impulse production (moving the force time curve up and to the left)
· This means generating more force in a given time
· Stretch Shortening Cycle and Plyometrics:
· Many functional movements have a ballistic nature even when initiated from a static position
· Movement begins with a preparatory counter-movement resulting in initial muscle lengthening followed by an immediate shortening in a reactive manner
· This eccentric concentric coupling phenomenon is know as the stretch shortening cycle 
· Stretch Shortening Cycle:
· Two main models
· Mechanical model: elsastic energy in the musculotendinous components is increased with a rapid stretch and stored
· When this energy storage is followed by a concentric muscle action it is released thereby increasing the total force production
· Neurophysiological model: utilizes the bodies involuntary stretch relex to an external stimulus that stretches the muscle
· When a quick stretch is detected muscular activity reflexively increases
· This response potentiates the activity of the agonist muscle thereby increasing force production
· SSC incorporates both models however the degree to which each model contributes to increased force production is still unknow
· SSC incorporates 3 distincy phases: 1. Eccentric (stretch of the agonist muscle, elastic energy is stored in SEC, muscle spindles are stimulated) 2. Amortuzation (pause between phases 1 and 2, Ia different nerces sunapse with alpha motor neurons, alpha motor neurons transmit signals to agonist muscle group) 3. Concentric (shortening of agonist muscle fibers (elastic energy is released from SEC, alpha motor neurons stimulate the agonist muscle group)
· The rate of musculotendinous stretch is vital for force generation and therefore plyometric training
· Strong fast or both:
· Intensity: vary considerably, as intensity goes up volume should go down
· Frequency: no ideal frequency has been reported, many professionals follow a 48-72 hour recover period between plyo sessions
· Recovery: these types of drills equire maximal effor and therefore recovery must reflect this. Drills should not be though of as cardiorespiratory training
· Volume: program volume is typically expressed as # of repetitions
· Beginnger: 80-100, intermediate 100-120, advanced: 120-140

Fick’s Principal Continued:
· central cehmoreceptors:
· sensitive to carbon dioxide
· based in the brainstem, separated into two parts: pons and medulla
· central chemoreceptors are embedded on the medulla
· responsive to changes in hydrogen ions
· blood brain barrier = permeable to CO2 but not particularly to hydrogen ions
· CO2 binds with water (in cerebral spinal fluid) creates acid (high level hygrogen ions = acidic, low level = more basic) high level of carbon in blood = high level of hydrogen ions in cerebral spinal fluid which increases ventilation (DO NOT WANT CO2 IN BLOOD THEREFORE INCREASING VENTILATION), low level hydrogen ions suppresses ventilation
· Peripheral chemoreceptors:
· Responsible for 100% of ventilation response to increase art PO2
· Also responsive to decreased pH and increased art CO2
· Carotid bodies:
· Located at the bifurcation of the common carotid arteries, strategically placed to monitor oxygen supply to the brain, innervated by 9th cranial nerve (glossopharyngeal nerve)
· Aortic Bodies:
· Located above and below aortic arch, innervated by 10th cranial nerve (vagus nerve)
· Ventilatory Control at Altitude:
· Central: respond just to CO2, peripheral: respond just to O2
· Hyperventilation does not occure at 3000 so ventilation does not change, 4000 meters start hyper ventilating a little more
· Tug of war between peripheral and central chemoreceptors, can reset point that is spurpressing ventilation when coming adapted to higher altitude and partial pressure
· Acute Altitude Sickness:
· Due to respiratory alkalosis at altitude
· Rare under 2500m; invariably occurs at 4,000m 
· Symtoms within 6 to 36 hours of arrival:
· Headache, nausea, vomiting, insomnia, breathlessness
· Why doesn’t acute mountain sickness occur at 2500? Don’t change ventilation response, don’t change Co2 changes doesn’t effect pH)
· Altitude: Sleep Disturbances:
· Cheyne-Stokes breathing:
· Hypoxia = increases respiratory rate  blows of CO2 = increase in pH = decrease resp drive
· Apnea for 10 to 60 s followed by gasping
· Cycle continues, improves after a few days
· Hyperventilation, then stop breathing for 45 seconds (central chemoreceptors say to stop) CO2 starts to buildup in blood then you take a big gasp and wake up and start hyperventilating
· Altitude: body composition and nutrition:
· Typical weight loss is 100 to 200 g a day
· Dehydration, appetite decreases 30% (6000m)
· Fecal losses increase
· BMR increases (4-10 days)
· Accimation can improve some of these factors but not to sea level proportions
· High Altitude Cerebral Edema (HACE)
· Rare but very serious and potentially fatal
· More sxtreme form of AMS
· Symptoms: confused, mood changes, loss of co-ordination, hallucinations, leads to coma and death
· High Altitude Pulmonary Edema (HAPE)
· Altitude: Polycythemia:
· Red blood cell production increases by up to one-third
· Increases surface area for gas exhange in erythrocytes from 3800m2 to 5100m2
· Stimulus for increase in hypoxemia and a subsequent reduction in renal blood flow
· Kidneys release the peptide hormone erythroprotein EPO which stimulates red blood cell production in bone marrow
· Results in a greater O2 concentration for a given SaO2
· Takes up to 12 weeks for full acclimation effect in blood, helped if person has high iron content in diet
· Monge’s disease = hematocrit approx 78%
· Hematic rate = so high blood is so viscus that it cannot fit through the capillaries, stack up and end up rupturing capillaries 45% is normal at sea level
· Altitude: Endurance Training for Sea-level performance:
· Does acclimation and training at altitude improve sea-level athletic performance?
· Increased oxidative capacity of muscles?
· Increased VO2max at sea level
· Higher Hb concentration?
· Higher bentilatory response?
· Does it improve oxidative capacity of muscles:
· No, density of muscle mitochondria is actually less in high altitude natives and slightly reduced after 8 weeks acclimation
· VO2max is lower at altitude so activity is perceieved to be more exhausting, but exercise levels are not high enough to stimulate mitochondrial mass growth
· Is there any evidence that VO2 max at sea-level increases after training at altitude:
· No evidence, weak evidence that training at altitude is beneficial 
· Increase in hemoglobin should be helpful enev though higher hematocrit could give increased viscosity which would decrease O2 transport through capillaries
· But: increases ventilatory response to altitude increases energy cost of breathing during training
· Main reason: absolute intensity and total duration of training primariy determine increases in exercise performance
· Best approach is to get best of both worls:
· Higher hemoglobin concentration, and still be able to train maximally:
· SLEEP AT ALTITUDE, TRAIN AT SEA LEVEL
· Create hypoxic environment
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