SCIENTIFIC FOUNDATIONS

1. EXERCISE SCIENCES

A. Develop training programs that demonstrate an understanding of human anatomy and physiology: 

1. Muscle anatomy (gross muscle – e.g quadriceps, deltoids, hamstrings – and cellular structure) 

What are the major muscles and muscle groups?  Where are they located?

Torso: Back - Trapezius, Latissimus Dorsi, Rhomboid Major, Erector Spinae; Front – Pectoralis Major/Minor, Serratus Anterior, Rectus Abdominis, Internal/External Oblique

Arms: Shoulder – Deltoid, Supraspinatus, Infraspinatus,Teres Major; Biceps – Biceps Brachii, Brachialis, Brachioradialis; Triceps – Triceps Brachii

Lower Body: Hip/Buttocks – Psoas Major/Minor, Iliacus, Piriformus, Gluteus, Sartorius Maximus/Medius; Quadriceps – Rectus Femoris, Vastus Lateralis/Medialis/Intermedius; Hamstrings – Biceps Femoris, Semitendinosus, Semimebranosus; Lower Leg – Tibialis Anterior, Soleus, Gastrocnemius

What structures comprise a sarcomere?

A sarcomere is the smallest contractile unit of muscle.  It is comprised of actin and myosin filaments.  The M-line is the middle of the sarcomere.  Z-lines are at the end of each sarcomere.  H-zone is where only the myosin filament is in the middle of the sarcomere, it can disappear if muscle is contracted enough to bring the actin filaments into that space.  The I-band is where only the actin filaments are, spans the Z-line, can disappear if muscle is contracted enough to bring myosin filaments to the Z-lines.  A-band is the length of the myosin filaments in the sarcomere, can become the entire sarcomere if muscle is contracted enough.

What occurs during the sliding filament theory of muscle action?

Simply, actin filaments slide inward on myosin filaments pulling Z-lines toward center of sarcomere, shortening muscle fiber.  5 stages to sliding filament:

Resting phase – little calcium present in myofibril, few cross bridge head bound to actin

Excitation-Contraction Coupling Phase – sarcoplasmic reticulum releases calcium ions, calcium binds w/ troponin, causes tropomyosin to run along length of groove in actin filament, cross bridge heads now attach rapidly to actin

Contraction Phase – cross-bridge flexion occurs from hydrolysis of ATP to ADP, this reaction catalyzed by myosin ATPase, another molecule of ATP must replace ADP on cross-bridge to allow detachment and to recock for continued contraction

Rechharge Phase – significant muscle shortening accomplished when cycle of contraction phase occurs over and over

Relaxation Phase – occurs when stimulation of notor nerve stops, calcium pumped back into sarcoplasmic reticulum

2. Muscular dynamics involved during movement patterns (e.g sliding filament theory, types of muscle action)

What are the different types of muscle actions?

Concentric, isometric, eccentric

How does the type of muscle action relate to the amount of force it is able to produce?

Concentric – occurs when tension in cross-bridges can overcome any resistance

Isometric – occurs when tension in cross-bridges is equal to resistance

Eccentric – occurs when tension in cross-bridges is less then external resistance

What factors affect the production of force within a muscle?

The number of cross-bridge heads attached at any instant, frequency of stimulation of motor units, number of motor units activated, preloading – isometric forces first in order to generate concentric forces, cross-sectional area of the muscle, velocity of muscle shortening – more sarcoemeres in line allow for greater speed of movement bur greater speed of movement produces less force while slower speed of movement produces greater force, angle of pennation – how the muscle fibers align with the tendon and muscles with greater angle of pennation have more force capabilities,  sarcomere and muscle length – peak force usually at resting length where most cross bridge attachments occur, , prestrething or stretch-shortening cycle, DOMS, muscle fiber type I or II

B. Develop training programs that demonstrate an understanding of human neuromuscular anatomy and physiology: 

1. Neuromuscular anatomy (e.g. motor unit, Type I and II fibers, muscle spindle, Golgi tendon organ)

What are the different types of muscle fibers? What attributes are characteristic of each?

Type I, slow twitch – generally fatigue resistant, high capacity for aerobic energy supply, limited potential for rapid force development, red in color, small fiber diameter, high mitochondria density, high myoglobin content, low ATPase activity

Type IIb, fast twitch – high fatigability, low aerobic power, rapid force development, high ATPase activity, high anaerobic power, white in color

Type IIa – same as IIb but with more aerobic capacities, but not as much as Type I

What functions do muscle spindles perform?  Where are they located?

Muscle spindles are proprioceptive intrafusal muscle fibers that run parallel to extrafusal muscle.  They provide information concerning muscle length and rate of change.  When muscle lengthens, spindles are stretched.  The deformation activates sensory neuron, sends impulse to spinal cord, and synapses with motor neurons.  Motor neurons send signal back indicating degree to which muscle must be activated.

What functions do Golgi tendon organs perform?  Where are they located?

GTO’s are proprioceptors located in tendons.  Activated when tendon attached to active muscle is stretched.  Sensory neuron in GTO synapses with inhibitory neuron in spinal cord, which synapses with innervating motor neuron.  Motor neuron is inhibited resulting in reduction of tension in muscle.  GTO’s inhibit muscle activation as a protective mechanism.

2. Neuromuscular responses to exercise (e.g skeletal muscle fibers, motor unit recruitment patterns, nerve conduction, summation)

How do nerves stimulate muscle activity?

Through the use of the action potential arriving at the nerve terminal.  Causes a release of acetylcholine which diffuses across the neuromuscular juntion, exciting the sarcolemma.  With sufficient amount of acetylcholine released, action potential is generated across sarcolemma and fiber contracts..

How does nerve conduction velocity adapt to training?

With anaerobic type training, the twitch of a muscle, especially Type II can be increased.  By decreasing the time interval btwn. twitches, there is a greater summation of force until they actually fuse to become one, which is called tetanus.

How do recruitment patterns adapt to training?

Through training, motor unit recruitment can adapt in two ways.  One is through the development of more coordination or neuromuscular control by learning how to use your body so that you can lift an equal amount of weight using less muscle, thus less motor units are recruited.  Two, the rate at which motor units are recruited can be sped up through the development of musculature and can even develop to the point that some units can be skipped over and go right to the larger motor units that are more important for the activity being performed.

C. Develop training programs that demonstrate an understanding of the basic principles of human biomechanics with respect to exercise selection, execution, and sport performance: 

1. Kinetic laws and principles of human movement (e.g. lever systems, momentum, torque, power, work, force, center of gravity)

Describe three types of levers found in the body and provide an example of each.

First class lever – muscle force and resistive force work on opposite sides of the fulcrum, example is a triceps extension

Second class lever – muscle force and resistive force act on same side of fulcrum w/ muscle force acting through a moment arm longer than that which resistive force acts, example is standing heel raise

Third class lever – muscle force and resistive force act on same side of fulcrum w/ muscle force acting through a moment arm shorter than that through which resistive force acts, example is biceps curl

What are the characteristics of each type?

First class lever – can provide a mechanical advantage or disadvantage depending on ratio of moment arm of muscle to moment arm through which resistive force acts, if Mm/Mr is less than 1.0, then it is a mechanical disadvantage b/c muscle will have to produce more force than is being produced by the resistance

Second class lever – it is a mechanical advantage b/c of a long muscle moment arm in the standing heel raise

Third class lever – mechanical disadvantage because of a short muscle moment arm in the biceps curl

How do kinetic measures (e.g. torque, power, work, force, center of gravity) change with different types of training programs and sport activities?

These are all measurements of some output by the body.  Force is the basic one and is a measurement of pressure that the body is applying against an external object.  Work is (forceXdistance) that the object travels.  Power is (work/time) the activity lasts.  Power is generally associated with fast movements such as power cleans or coming off the line in football.  On the other hand, strength is associated with slower speeds, such as maximal lifts.  Torque is used to calculate angular work through multiplication with angular displacement, such as in a biceps curl.

2. Kinematic laws and principles of human movement (e.g. anatomical planes of movement, joint angles, isometric.isotonic/isokinetic, velocity, force-velocity curve)

Describe the three primary anatomical planes of movement. Provide exercise and sport movement examples of each.

Frontal – a plane that cuts the body in half making anterior and posterior halves, exercise movements would be any type of a lateral abduction or adduction, sport movements could include the swimming breaststroke or ice skating

Sagittal – plane that cuts the body in half creating a left and a right, exercise movements would include front raises, situps, knee extension/flexion, etc., sport movements can include freestyle swimming, football punt, sprinting

Transverse – plane that cuts body in half creating a top and a bottom, exercise movements include trunk rotations, DB flys, sport movements include tennis swing, discuss throw

What is joint angle specificity and how does it affect exercise selection?

It is the angle at which joints are commonly positioned during various sports activities.  All athletes should use well rounded whole body exercise routines, but supplementary exercises specific to the sport should be done with regard to the joints about which movements occur and the directions of movement.

What are the characteristics of different types of movement (i.e. isometric, isotonic, isokinetic)?

Isometric – a muscle action in which the muscle length does not change b/c contractile force is equal to resistive force, greatest forces produced here

Isotonic – exercises with constant external resistance

Isotonic – constant speed movement

How does the force-velocity curve impact exercise selection?

Less force is produced during fast movement while more force is produced at slower speeds.  The selection of specific exercises can then be chosen based on the goal of the exercise and what type of motion and resistance is necessary to accomplish that goal.  For example, if want to generate the highest forces, use isometric exercises, if want to move at highest speeds, probably use isotonic, and isokinetics can be varied depending on goal.

3. Role of muscles in movement (e.g. agonist, antagonist, synergist)

What is an agonist muscle?  When is it active during a given exercise or sport movement?

It is the muscle that is most involved in bringing about a movement.  Example, biceps group is agonist during a curl or boxing upper cut.

What is an antagonist muscle?  When is it active during a given exercise or sport movement?

It is the muscle that can slow down or stop a movement.  Example, triceps are anatagonist during a biceps curl or boxing upper cut.

What are synergist muscles?  What is their function during a given exercise or sport movement?

Muscles that assist indirectly in a movement, stabilizer muscles.

D. Develop training programs that demonstrate an understanding of human bone and connective tissue (e.g. tendon and ligament) anatomy and physiology: 

1. Bone and connective tissue anatomy

What structures comprise bone?

Bone is comprised of osteoblasts which migrate to the bone surface, the periosteum, where strain is continually experienced.  This causes collagen formation in the bone.

What structures and substances comprise muscle tissue?

The epimysium, a fibrous connective tissue surrounds the muscle belly.  The muscle itself is comprised of individual muscle fibers.  Groups of muscle fiber are arranged in bundles called the fasciculus.  Another connective tissue, the perimysium, surrounds each fasciculus.  Between each individual muscle fiber in the fasciculus is one more connective tissue, the endomysium.  The membrane of each muscle fiber is the sarcolemma.  Inside each muscle fiber are thusands of myofibrils which are surronded by sarcoplasm, the cytoplasm of a muscle fiber.  The sarcoplasm contains contractile components, mitochondria, and sarcoplasmic reticulum.  The sarcomeres, the smallest contractile unit of muscle, are arranged longitudinally along the myofibril and are composed of the myofilaments, myosin and actin, which aid in muscle contraction.  Each muscle cell has one neuromuscular junction.

What structures and substances comprise connective tissue?

Primary structural component of all connective tissue is collagen fiber.  Tendons and ligaments consist primarily of tightly packed, parallel arrangements of collagen bundles.  Ligaments also contain elastic fibers called elastin to allow for a certain amount of stretch.  Fascia is the connective tissue that surrounds and separates the different levels of skeletal muscle.  Cartilage is dense connective tissue consisting of collagen cells embedded in a firm matrix and able to withstand great forces.

2. Bone and connective tissue response to exercise

What adaptations do muscles make to different forms of training (e.g. resistance, aerobic, etc.)

With resistance training, skeletal muscle will make various adaptations based on the type of training that is done.  Hypertrophy can occur with moderate weight and high volumes.  While strength and power improvements in muscle will result with heavier weight and lower volumes.  This will affect Type II muscles more directly.  Aerobic training will increase the oxidative capacity of muscles, and if done enough, can adversely affect the effects of resistance training by lowering muscle size and strength.  This more directly affects Type I muscle fibers.

What is hypertrophy?  What is hyperplasia?

Hypertrophy – muscular enlargement

Hyperplasia – longitudinal fiber splitting, or an increase in the actual number of muscle fibers, not proven to occur in humans

What is bone mineral density (BMD)?  What types of training increase BMD?

It is the quantity of mineral deposited in a given area of bone.  Increase BMD through exercises that directly load a particular region of the skeleton.  Example, running for the femur.  Structural exercises are good.  Use progressive overload, progressively placing greater-than-normal demands on exercising musculature, as well.  Vary the training.

E. Develop training programs that demonstrate an understanding of human bioenergetics and metabolism:

1. Characteristics of the energy system

What is the ATP-PC energy system?  When is it active during different forms of training?

The phosphagen system provides ATP primarily for short-term, high-intensity activities and is active at the start of all exercise regardless of intensity.  Extremely active when power output is 90-100% and duration is 5-10 seconds.

What is the glycolytic energy system?  When is it active during different forms of training?

Glycolysis is the breakdown of carbohydrates to produce ATP to help support the phosphagen system.  Two types, fast and slow.  Fast glycolysis occurs during periods of reduced oxygen availability and results in production of lactic acid.  Extremely active when power output is 75-90% and duration is 15-30 seconds.  Slow glycolysis occurs when sufficient quantities of oxygen are available and the ned product is pyruvate which when transported to the mitochondria is converted to acetylcholine which can then enter the Krebs cycle for further ATP production.  Extremely active when power output is 30-75% and duration is 1-3 minutes.

What is the aerobic energy system?  When is it active during different forms of training?

Oxidative system uses carbohydrates and fats to produce ATP during rest and low intensity activities.  Is done through the Krebs cycle, so actually relies on slow glycolysis.  Extremely active when power output is 20-35% and duration is 3+ minutes.

2. Effects of manipulating training variables (i.e. intensity, duration, volume, and work:rest ratio) to target specific energy systems

How is exercise intensity adjusted to target the ATP-PC energy system? Glycolytic energy system?  Aerobic energy system?

ATP-PC – use higher intensities, 90-100%

Glycolytic – use moderate intensities, 75-90% for fast glycolysis, 30-75% for slow glycolysis

Aerobic – use low intensities, 20-35%

How is exercise duration adjusted to target the ATP-PC energy system? Glycolytic energy system?  Aerobic energy system?

ATP-PC – use short duration of 5-10 seconds

Glycolytic – use moderate duration 15-30 seconds for fast glycolysis, use higher duration of 1-3 minutes for slow glycolysis

Aerobic – use long duration of 3+ minutes

How is exercise volume adjusted to target the ATP-PC energy system? Glycolytic energy system?  Aerobic energy system?

ATP-PC – perform lower overall volume

Glycolytic – moderate volume, less for fast glycolysis, more for slow glycolysis

Aerobic – high volume

What is the work:rest ratio?

It is the ratio of how much rest should be provided in between sets of work based on the duration of each set of work.

How should this ratio be adjusted to target the ATP-PC energy system? Glycolytic energy system?  Aerobic energy system?

ATP-PC – use a ratio of 1:12 to 1:20, want full recovery

Glycolysis – moderate ratio, 1:3 to 1:5 for fast glycolysis, 1:3 to 1:4 for slow glycolysis, don’t want full recovery but want a decent amount

Aerobic – short ratio of 1:1 to 1:3, almost no recovery wanted

F. Develop training programs that demonstrate an understanding of human neuroendocrine physiology:

1. Functions of hormones (e.g. testosterone, growth hormone)

How does testosterone, growth hormone, and other primary hormones function in the body?

Testosterone – primary hormone that interacts with skeletal muscle, stimulates growth, increases protein anabolism, and development and maintenance of male sex characteristics

Growth hormone – stimulates insulinlike growth factor I, protein synthesis, growth, and metabolism

Insulin-like growth factors (IGFs) – Increases protein synthesis in cells

Cortisol – primary signal hormone for carbohydrate metabolism, related to glycogen stores in muscle, converts amino acids to carbohydrates, inhibits protein synthesis, the catabolic effects counteract anabolic effects of testosterone and insulin therefore promoting use of fat stores and conserving glucose

Catecholamines – increases cardiac output, increases blood sugar and glycogen breakdown and fat metabolization

2. Neuroendocrine responses to exercise

How do levels of testosterone, growth hormone, and other primary hormones change as the body adapts to different forms of training (e.g. resistance, aerobic, etc.)?

Testosterone – no concrete data from studies but generally thought to increase with resistance training

Growth Hormone – responses not extensively studied, but little change suggested in resistance training

IGFs – theorized that the starting level of IGFs may be a factor in determining whether an increase is observed

Cortisol – increase with resistance exercise, most dramatically when rest is short and volume high, muscle must be disrupted to certain extent in order to remodel and acute elevations in cortisol would help this b/c it is a catabolic hormone

Catelcholamine – heavy resistance training shown to increase ability to secrete greater amounts during maximal exercise, stimulation of catelcholamines probably one of first endocrine mechanisms to occur in response to resistance exercise

G. Develop training programs that demonstrate an understanding of human cardiopulmonary anatomy and physiology:

1. Cardiopulmonary anatomy (e.g. heart and vascular structure; lung and respiratory system structure)

What are the major structures of the heart and vascular system?

The heart is divided into a right and left side with the right side responsible for pumping blood to the lungs and the left side responsible for pumping blood to the rest of the body.  Each side is composed of two chambers, an atrium on top and a ventricle on bottom.  Blood enters the right atrium through the inferior vena cava.  From there it passes through the tricuspid valve and into the right ventricle.  It is pumped through the pulmonary valve and into the pulmonary artery and carried to the lungs.  It returns with oxygen through the pulmonary veins and enters the left atrium.  It passes from there through the mitral valve and into the left ventricle.  The left ventricle pumps it through the aortic valve and into the aorta where it is carried to the rest of the body.  The rhythm of the heart is controlled through an electrical node system consisting of the sinoatrial (SA) node, which is the intrinsic pacemaker, the atrioventricular (AV) node, where the impulse is delayed before passing into the ventricles, and the atrioventricular (AV) bundle, which conducts the impulse to the ventricles.

The rest of the vascular system is a network of blood vessels.  As blood travels away from the heart, it is passing through arteries which branch into smaller arterioles and then into capillaries.  Oxygen, fluid, nutrients, electrolytes, hormones, and other substances are exchanged between cells and the capillaries.  The capillaries then become venules, as the blood starts to return to the heart, which in turn become veins.

What are the major structures of the lungs and the respiratory system?

The lungs start with the trachea, which is a first generation respiratory passage that extends down the front of the neck.  It branches into the right and left bronchi, second-generation respiratory passages.  Each division thereafter is an additional generation known as bronchioles.  There are approximately 23 generations before the air reaches the alveoli, where exchange of gases occurs.  The exchange of air is done through two forces acting on the lungs.  One is downward and upward movement of the diaphragm to lengthen and shorten the chest cavity, and the other is the elevation and depression of the ribs to increase and decrease the back-to-front diameter of the chest cavity.

2. Cardiopulmonary responses to exercise

How does the cardiopulmonary system respond to aerobic endurance training? Interval training? Resistance training? Circuit weight training?

Cardiac Output – w/ aerobic exercise, it initially increases rapidly, then more gradually, and reaches a plateau, w/ heavy resistance exercise, there is no comparative change or only small increase

Stroke Volume – w/ aerobic exercise, it is increased due to greater venous return and therefore greater end diastolic volume, so myocardial fibers are more stretched and result in a more forceful systolic ejection, also at onset of exercise sympathetic stimulation increases myocardial contractility; w/ heavy resistance exercise there is no increase or perhaps even a decrease if intraabdominal and intrathoracic pressure is high limiting venous return

Heart Rate – w/ aerobic exercise it increases in linear fashion as workload increases, w/ resistance exercise both heavy and light loads can significantly increase it

Oxygen Uptake – w/ aerobic exercise oxygen demand increase in direct relation to mass, metabolic efficiency, and level of work the muscle is doing; w/ heavy resistance exercise there is no change

Blood Pressure – w/ aerobic exercise it rises, w/ resistance exercise it rises

Circulation – w/ aerobic exercise blood flow to active muscles is considerably increased while blood flow to other organs can be decreased; w/ resistance exercise lower weight have similar responses to aerobic exercise while heavy loads will increase resistance to working muscle blood flow

H. Develop training programs that demonstrate an understanding of physiological adaptations to exercise:

1. Adaptations to aerobic exercise and training

How does the cardiopulmonary system adapt to acute and chronic aerobic exercise?

Most commonly measured adaptation is increase in maximal oxygen uptake associated with an increase in maximal cardiac output.  Metabolic changes include increased respiratory capacity, lower blood lactate concentrations, increased mitochondrial and capillary density, improved enzyme activity.

How does the musculoskeletal system adapt to acute and chronic aerobic exercise?

Usually decreases the relative percentage of body fat and little or no effect on fat-free mass.  Can have positive effect on Type I muscle fiber but a catabolic effect on other fibers.  Running helps with axial loading of skeleton, especially femur, to bring about new bone growth.

How does the neural system adapt to acute and chronic aerobic exercise?

At the outset, efficiency is increased and fatigue of contractile mechanisms is delayed.  Level of motor-unit activation needed to maintain given force is decreased as skill is acquired.  May result in rotation of neural activity among synergists and motor units producing more efficient locomotion w/ lower energy expenditure.

2. Adaptations to anaerobic exercise and training

How does the cardiopulmonary system adapt to acute and chronic anaerobic exercise?

Improves ability of heart, lungs, and circulatory system to function under high pressure conditions.  Resistance exercise is not effective in increasing maximal oxygen consumption.

How does the musculoskeletal system adapt to acute and chronic anaerobic exercise?

Muscles will hypertrophy increasing cross-sectional area and the quantity of contractile proteins.  With enough training will have a shift in fiber type from Type IIb to Type IIa.  Heavy resistance training reduces mitochondrial and capillary density, but does not decrease ability to perform aerobic exercise.  Also increases energy substrate levels and their availability in muscle.  Also results in increased collagen production for bone formation.

How does the neural system adapt to acute and chronic anaerobic exercise?

Heavy resistance training affects different types of motor unit firing rates and frequencies.  Training will reduce the CNS’ inhibitory mechanisms, which can change the order of fiber recruitment making for better performance.  Neural changes can mediate large strength increase without large changes in muscle cross-sectional area.

3. Causes, signs, symptoms, and effects of overtraining and detraining

What is overtraining? What is overreaching? What is detraining?

Overtraining - excessive frequency, volume, or intensity of training resulting in fatigue due to insufficient rest and recover

Overreaching – short term overtraining which can be recovered from within a few days and is often a planned pahse of a training program

Detraining – inactivity that leads to loss of training adaptations

What indicates when an athlete is overtraining?

In anaerobic athletes, there is a decreased desire to train and decreased joy from training.  Acute epinephrine increases and performance decrements.

In aerobic athletes, decreased performance, percentage of body fat, maximal oxygen uptake, altered blood pressure, increased muscle soreness, altered resting heart rate, decreased total testosterone, etc.

What differentiates overtraining from overreaching?

Overtraining is a syndrome that can last up to 6 months and is caused by inattentiveness to training protocols.  Overreaching is a short term performance decrease that can be recovered from in a few days and one may actually consider using such a strategy to push the body into a new phase of the training regimen.

What happens to the body following a period of detraining?

A person’s physiological functions revert to a normal, untrained state.  Aerobic adaptations seem to be more prone to decline while strength adaptations are more resistant to decline and will last for longer periods of detraining.

I. Develop training programs that demonstrate an understanding of the anatomical, physiological, and biomechanical sport-specific differences of athletes (e.g. age, gender, training status, various sports):

1. Anatomical, physiological, and biomechanical differences among athletes

What anatomical and physiological differences between males and females result in differences in performance?

Men have longer growth periods and therefore tend to achieve a greater stature.  Also, greater testosterone levels in men provide for more muscle mass while greater estrogen levels in women cause higher fat percentages.  

How do absolute and relative strength levels differ between males and females?

In terms of overall strength, men are stronger, but when cross-sectional areas are compared there is no significant difference.

2. Effects of age (chronological and biological) on performance

How do the muscular and neuromuscular systems adapt to resistance training in prepubescent athletes?

Prepubescent athletes do not experience strength gains through hypertrophy b/c of a lack of circulating testosterone.  Any gains can be attributed to neurological factors such as increases in motor unit activation and changes in motor unit coordination, recruitment, and firing.  May increase BMD and reduce likelihood of injury.

How does bone mineral density, force production, and aerobic endurance change with increasing age?

Overall, everything decreases.  Have BMD loss due to osteoporosis, force production and endurance loss due to sarcopenia, a loss of muscle mass.

3. Implications of training status on developing exercise programs (i.e. untrained versus trained)

What adaptations account for the initial strength gains after beginning a resistance training program?

Neurological factors

How does exercise volume change as an athlete’s training status changes (i.e. from untrained to trained)?

It increases

How does exercise intensity change as an athlete’s training status changes (i.e. from untrained to trained)?

How does exercise volume change as an athlete’s training status changes (i.e. from untrained to trained)?
It increase

J. Use psychological techniques to enhance the training and/or performance of an athlete:

1. Motivational techniques [reward system, reinforcement strategies (feedback, incentives), visualization/mental imagery techniques, etc.]

What is the effect of rewards on performance?

In most cases rewards are a good thing b/c they will give an athlete a sense of accomplishment, pride, and self-confidence.  It can’t be overused though b/c otherwise it will become normal to an athlete and won’t mean anything.

Explain the concepts of positive and negative reinforcement.

Positive reinforcement is increasing the probability of an action occurring again through some type of positive act directed towards the athlete.  Negative reinforcement is decreasing the probability of an action occurring again through some sort of negative action directed at the athlete.  Neither type has to be very extreme, it can be just a word or two, or it can be as much as a great honor at the end of the season or loss of playing time during the season.

What are the roles and outcomes of visualization and imagery techniques?

Through these techniques an athlete can see himself performing the activity exactly as he should be doing it.  With practice, an athlete can create such a vivid picture in his own mind that it seems almost real and can produce a sense of confidence in the athlete that that is exactly how he performs the skill in real life.  This in turn helps him to actually then perform better for real.

2. Effects of practice conditions and teaching strategies on motor learning and skill acquisition (e.g. instruction and feedback, whole vs. part practice)

Apply the “whole versus part” approach to teaching resistance training exercise technique.

Techniques need to be taught in increments.  Not until the early steps are understood can the later steps be taught.  It is like short vs. long term goal setting.  In resistance training, you should start out teaching single joint exercise.  Then on to multi joint exercises, start with two joints, then three, etc., always working on the lift itself in small increments as well.  Finally can progress up to power lifts.  Teach these in phases as well.  For example, teach the hang pull, then the hang clean, then the power clean, then the push jerk, then the clean jerk.

Explain the concepts of positive and negative feedback.

See above.

2. NUTRITION

A. Explain nutritional factors affecting health and performance:

1. Food groups and food pyramid and their health-related and performance-related values

What food groups compromise the food pyramid?

Breads/grains, vegetable, fruit, dairy, meat, fats/oils/sweets

How many servings from each food group are recommended per day?

Breads/grains: 6-11

Vegetable: 3-5

Fruit 2-4

Dairy: 2-3

Meats: 2-3

Fats/oils/sweets: use sparingly

What types of foods enhance what types of physical activities/sports?

Carbohydrates are the main source of fuel in the body and provide saccharides for all type of physical activity.  Protein and fat are other sources of energy but are not as commonly used.  They usually will get burned if there is a negative calorie balance, which is more calories are being used than consumed.  This usually only happens in endurance type athletes.  In other words, this is why the bread group requires so many servings b/c it provides carbohydrates, while categories like meat are in lower demand b/c they provide mainly protein, and fats are used least of all b/c if they are not burned, too much will have a negative effect on the body.

2. Basic nutritional needs of individuals and the special needs of athletes (e.g. proteins, carbohydrates

What is the “typical recommended intake” of protein, carbohydrate, and fat?

For a normal person, the USDA suggests a balanced diet of 50% carbohydrates, 20% protein, and 30% fat.  This is normally a 2800 calorie diet.

How do these “typical recommended intake” values differ among athletes of different sports?

First off, most athletes require a larger overall number of calories in their diet.  Some athletes may still be able to function well with the 50:20:30 ratio, but others may need to vary this depending on training goals.  For example, a football player desiring to gain mass may want to up his percent protein intake as protein is fundamental for increasing cellular size.  An endurance athlete may want more carbohydrates for larger energy stores.

3. Nutritional density (i.e. foods with a large amount of a given nutrient)

How many kilocalories are found in each gram of protein? Carbohydrate? Fat?

Protein:

Carbohydrate:

Fat:

What foods are high in protein? Carbohydrate? Fat?

Protein: meat/fish/nuts

Carbohydrate: breads/pasta/cereal

Fats: oils

What foods are low in protein? Carbohydrate? Fat?

Just switch around the above answer.

4. Caloric expenditure with respect to training intensities (e.g. VO2, Kcals/min)

How does an activity’s MET level affect the caloric cost of exercise?

1 Metabolic equivalent (MET) is estimated at 3.5 ml of oxygen per kg body weight per minute.  This is at rest.  So with higher exercise intensities, the MET will increase, and with higher outputs, a higher caloric cost results.

What effect does the level of exercise intensity have on caloric expenditure?

The higher the intensity the more calories that are expended.

What is the numerical relationship between VO2 and kcals/min?

???

5. Coronary artery disease risk factors associated with dietary choices (e.g. cholesterol, triglycerides, saturated fat)

What are the differences between HDL’s and LDL’s?

High-density-lipoproteins (HDL) and low-density-lipoproteins (LDL) are two types of cholesterol.  High level of HDL can help protect against heart disease and HDL level can be increased by exercise and weight loss.

What are the differences between cholesterol, triglycerides, and saturated fat?

Cholesterol is an important structural and functional component of cell membranes.  Synthesized in the liver and intestine.  Necessary for production of bile salts, vitamin D, and several hormones.

Triglycerides are commonly called fat or lipids.  Formed by union of glycerol with three fatty acids.  Majority of lipids found in body are in triglyceride form.

Saturated fat is a fatty acid containing no double bonds.

What types of food increase an athlete’s risk for developing coronary heart disease?

Any foods that are high in cholesterol.  Also unfavorable ratios of lipoproteins are associated with increased risk of heart disease.

6. Effects of fluid and electrolyte balance/imbalance on health and performance

How does dehydration affect performance?

Through loss of normal cellular function and inhibited thermal regulation.

What is the recommendation for water intake during exercise?  After exercise?

Athletes should start to drink before sensing thirst and should drink at regular intervals.  Goal afterwards is to prepare body for next bout of exercise so need to drink at least 1 pint of fluid for each pound lost during previous bout.

What are electrolytes?  How does a loss of electrolytes from exercising affect the body?

They are sodium, chloride, and potassium and play a fundamental role in the regulation of water distribution.  Loss of sodium can greatly affect fluid regulation.  Loss of potassium, chloride and magnesium will inhibit muscle contraction and nerve conduction.

B. Explain the techniques to manipulate food choices and training methods to maximize performance:

1. Training/nutritional programs that produce desired changes in body composition (i.e. fat loss, lean body mass increase)

How can caloric balance be manipulated to encourage muscle gain (or fat loss)?

Need to have higher percent intakes of protein and crabs and less fat.

What is the recommended amount of body fat (i.e. scale weight) that an athlete should lose per week?

1%

What modes of exercise encourage fat loss?

Primarily aerobic exercise, long distance running or biking.

What modes of exercise encourage an increase in lean body mass?

Resistance training.

2. Nutritional factors affecting muscular endurance, hypertrophy, strength, and aerobic endurance

When is it appropriate for caloric intake to exceed an athlete’s expenditure?

When trying to gain weight.

What foods should be consumed prior to an aerobic endurance event?  A resistance training workout?

For aerobic competition, carbohydrate loading is a well respected theory b/c carbs provide the glycogen necessary for such type events.  So anything high in carbs such as pastas and breads would be beneficial.  Resistance training does not require the high levels of glucose and not much study has been done on this.  It is known however that increased levels of protien can be beneficial for muscular gains.

What dietary modifications will enhance muscular hypertrophy?  Aerobic performance?

More protein for larger muscles, more carbs for more aerobic energy.

C. Recognize signs, symptoms, and behaviors associated with altered eating habits and disorders:

1. Signs and symptoms associated with disordered eating, bulimia, and anorexia

What are common signs and symptoms of eating disorders?  How are the signs and symptoms of bulimia and anorexia different?

Signs that are present with both disorders include: complaining of frequent constipation or stomach aches, mood swings, social withdrawal, excessive exercise, excessive concern about weight, increasing criticism of one’s body, and strong denial a problem exists.

Signs for anorexia include asking, “Do you think I’m fat?” repeatedly and dramatic weight loss for no medical reason.  Signs of bulimia include eating secretively, disappearing repeatedly immediately after eating, losing or gaining extreme amounts of weight, smell of vomit.

What is the difference between an eating disorder and disordered eating?

An eating disorder falls under the category of anorexia or bulimia nervosa, and the signs are severe enough to categorize the person as such.  Disordered eating is when an athlete comprises their nutritional status, obsess about food, or have a distorted body image, but do not fall under the diagnostic criteria for an eating disorder.

How can the strength and conditioning professional recognize that an athlete has an eating disorder?

Must be aware of the signs and symptoms, but it is not the job to treat the problem, must refer athlete to a nutritionist and/or psychologist.

2. Body composition changes and performance variations associated with eating disorders

How does body composition change in an athlete diagnosed with bulimia?  With anorexia?

Bulimia can result in cyclical weight pattern with vary large and unnatural fluctuations due to binge-eating/fasting cycles.

Anorexia is usually a great decrease in weight and mass.

How does performance change with an athlete diagnosed with bulimia?  With anorexia?

Ironically, in the beginning, the eating disorder may actually improve performance.  It is often that performance is not affected until much later on when body starts to break down and stress fractures, illness, and fainting may occur.  Hard to find a positive reason for an athlete to stop doing this to themselves when all they see is the positive effects it is having on their performance.

D. Explain the effects, risks, and alternatives of various performance-enhancing substances and methods:

1. Ergogenic aids and dietary supplements (e.g. creatine, carbohydrate loading, anabolic steroids, blood doping)

What ergogenic aids are commonly used to improve strength?  Aerobic endurance?

Anaboic steroids used for strength gains.  Erythropoietin used for endurance athletes.

2. Signs and symptoms of ergogenic aid abuse

What negative physical responses occur following anabolic steroid use?

In women, this substance can produce a masculinization effect.  In men it has produced extremely aggressive behavior,  uncontrolled emotional responses, decline in performance when use is stopped, and an undesirable increase in body weight with aerobic athletes.  Can also cause bad acne, man breasts, and small testicles.  

What are the risks associated with common ergogenic aids?  What are the alternatives?

See above, also sleeplessness, nervousness, increased heart rate.  Alternatives if any are used would be dietary supplements.

E. Recognize the nature of an athlete’s nutritional status and determine the appropriateness of a referral to a qualified healthcare professional

What nutritional situations are appropriate for strength and conditioning professionals to handle?

Helping with staying on a nutritional plan or discussing dietary training supplements.

What nutritional situations require the strength and conditioning professional to refer the athlete to a registered dietician or related nutritional professional?

When a suspected eating disorder is involved, training supplementation abuse is suspected, or when the athlete has complicated nutritional questions.

PRACTICAL/APPLIED

1. EXERCISE TECHNIQUES

· For this entire section refer to either the exercise technique checklist or look at chapters and all diagrams on resistance, aerobic, speed/agility, plyometric, and stretching training

2. PROGRAM DESIGN

A. Design training programs that maximize performance by prescribing various training methods and modes based upon an athlete’s health status, strength and conditioning levels, and training goals:

1. Describe different types of training methods (e.g. resistance training, speed training, flexibility, aerobic training, anaerobic threshold)

What are the various modes of aerobic exercise?

Long slow distance training, pace/tempo training, interval training, repetition training, fartlek training

What are the various modes of anaerobic exercise?

Resistance training, plyometrics, speed/agility/speed-endurance.

What are the various modes of resistance training?

By type of exercise, there are structural and power, core and assistance exercises which can be multi or single joint exercises, and sport specific exercises.

By order of exercise there is the power exercises first, upper/lower body alternate, push/pull alternate, or compound and supersets.

What are the various modes of flexibility training?

Stretching can be done dynamically, statically, ballistically, or use PNF.

Under what circumstances would a particular mode of exercise be chosen?

Depends on sport and athlete.

2. Manipulate training methods to accomplish desired goals (e.g. combinations of load, reps, rest period length, etc.) to achieve a certain goal/outcome

How does resistance training load relate to goal of outcome?

Heavier loads with less reps are used for development of more strength and power.  Medium loads done at medium reps will provide hypertrophy.  Small loads with many reps will provide more tone and local muscular endurance.

How does resistance training volume relate to goal of outcome?

See above.

How does aerobic training intensity relate to the goal of training?

Higher the intensity then the higher maximal oxygen uptake.  When done overtime this will increase an athlete’s normal maximal oxygen uptake.  Also benefits cardiac output and more efficient oxygen usage.

How does interval training work:rest ratio relate to the goal of training?

The athlete needs to have more rest for more intense intervals.  This is usually done for anaerobic endurance training.  Can still do long intense intervals, but usually have a comparatively shorter rest in terms of the ratio b/c will probably be training an endurance athlete.

3. Combine different types of training methods (e.g. resistance, interval, competitive-trial, repetition, flexibility, aerobic, plyometric) to attain maximum performance results

How should plyometric and resistance training be combined in a training program?

Can combine lower body resistance training with upper body plyos or vice versa.  Can do complex training, same muscles groups of resistance and plyos on same day.  Can use plyos to substitute for some resistance training exercises to get more sport specific exercises.

What are positive and negative effects of combining training modes in a program?

Positives, they can complement each other, such as one provide a strength base and the other providing more sport specific activity.

Negatives, possibility they may negate each other.  Example, endurance exercise negating strength and size gains when the latter gains are the main goal.

How does concurrent resistance and aerobic training affect strength gains?  Cardiovascular gains?

Aerobic training will affect strength gains b/c of the development of Type I fibers.  Cardiovascular gains from aerobic training are not adversely affected by resistance training though.

B. Design training programs that maximize performance and muscle balance by selecting exercises based upon an athlete’s health status, strength and conditioning levels, and training goals:

1. Identify exercises that stimulate the functional movements and utilize certain muscles of specific sport activities

What exercises are most appropriate for a specific sport movement (e.g. tennis forehand, shot put, etc.)?

Depends on sport and type of movement.  Use an exercise that most closely resembles actual sport movement and utilizes muscles used.

Skip next two questions

2. Classify exercises based upon muscle group or groups

What muscles are involved during a resistance training exercise?  A flexibility exercise?  A plyometric exercise?

Resistance – agonist, antagonist, synergist

Flexibility – 

Plyometric – agonist and synergist, mechanically we have the SEC, series elastic component which provides a stretching of the agonist muscle, then amortization as muscle spindles respond and brain synapses to cause a neurophysiological response, then have concentric phase as agonist muscles shorten, all this together is the SSC, stretch shortening cycle

How do similar exercises affect muscle recruitment (e.g. incline bench versus flat bench)?

Work different parts of the muscle, build different synergists, add to overall strength and power, eventually change recruitment patterns for more efficiency.

How does a change in an exercise result in a change of the involved muscles?

B/c it affects the muscle in a different way.

3. Classify exercises based upon type of kinetic chain movement (i.e. closed or open)

What is a closed kinetic chain movement or exercise?

It is a combination of several successively arranged joints working together to successfully complete a desired motor task, but in this case the distal joint segment is stationary, example, leg with the foot on the ground during running, squats.

What is an open kinetic chain movement or exercise?

It is a combination of several successively arranged joints working together to successfully complete a desired motor task, but in this case the terminal joint segment is allowed to move, example, leg with the foot off the ground during running, leg extension.

How are exercises prescribed based on type of kinetic chain movement?

Closed kinetic chain exercises are usually viewed as more sport specific and provide more overall functionality, thus the focus in many sport on the core lifts such as squats, cleans, etc.  But most sports involve open kinetic chain exercises as well, so this type of exercise can not be ignored, usually in the form of single joint assistance exercises.

4. Describe muscle balance and body part ratios (e.g hamstrings versus quadriceps, upper body versus lower body)

How is muscle balance determined?

Isokinetic testing most reliable, but can also do isotonic testing and compare strength ratios.

Why is muscle balance important?

Important b/c a large strength disparity between opposing muscle groups can result in injury of the weaker group.  Also provides for better sport performance.

5. Prescribe exercises to achieve muscular balance

How can muscle imbalance be avoided?

Through prescription of exercises that work both agonist and antagonist muscles.

What exercises should be emphasized to remedy muscle imbalance across a joint?

Any exercises necessary to work the weaker of the two muscle groups.

C. Design training programs that maximize performance by applying the principles of exercise order based upon an athlete’s health status, strength and conditioning levels, and training goals:

1. Select exercise order according to the training phase and goal

Why is exercise order important?

B/c it allows a previously worked muscle group to rest while another is being used.  Can also continue to stress a previously worked muscle group by continuing to do it after having just been worked.  Many different variations to how to do this, depends on type of training and training goals.

How does exercise order change throughout the training cycle?

Depends on time of cycle, goals, sport, etc.  May need to vary order just for a change in the routine.  Also may need to shift with shift in program.  For example, may workout for 3 weeks, 3 day per week, entire body everyday.  Then switch to four times per week, concentrating on different muscle groups on different days.

How does exercise order change based on the goal of training?

If training for strength and power, want to do those types of lifts first.  If training for muscular endurance, may not want to rest a muscle group after having just used it.  If combining plyos with aerobic training, need to consider training goals and may want to put plyos first if goal are more power oriented b/c an aerobic workout will tend to inhibit power production.

2. Differentiate between various exercise orders (e.g. large to small muscle groups, alternating push with pull, alternating upper body exercises with lower body exercises, warm-up/workout/cool-down, plyometric then aerobic exercise)

What are the methods for arranging resistance training exercise within a session?

Power, other core, then assistance lifts, upper and lower body alternated, push and pull alternated, supersets and compound sets

Why would a particular exercise order be chosen over another?

Depends on training goals.  Most sports concentrating on power will want to do those first followed by the rest.  A rower in crew might want to do push then pull b/c this is very sport specific, etc.

When should the flexibility, plyometric, aerobic, warm-up, and cool-down exercises be performed during a training session?

Warm up always first, then flexibility stretching, do plyos before aerobics for maximal power output, then aerobic part, onto cool down, and then a little more flexibility stretching.

D. Design training programs that maximize performance by determining and prescribing appropriate loads/resistances (including heart rate guidelines) based upon an athlete’s health status, strength and conditioning levels, and training goals:

1. Describe methods to determine absolute and relative strength levels (e.g. gradual progression in loads/resistances used, appropriate warm-up and demonstration)

What is the importance of determining an athlete’s repetition maximum?

It is necessary to have with which to base the athlete’s ensuing workout program on, as well as to measure future gains.

How is the repetition maximum test chosen?

Depends on the type of exercise.  More powerful lifts will want to be done with 1RM while other core lifts like bench or squats can be tested with a 10RM, but they can also be done with 1RM.

2. Describe commonly accepted methods for assigning loads/resistances (e.g. percent of 1RM, RM loads)

How is a repetition maximum used to determine training loads?

Can convert the RM to a 1RM  Use higher percentages (or lower repetitions if multi RM was used) for strength and power gains, i.e. 75-100% (less than 6 reps)  For hypertrophy, medium weight, 6-12 reps, for muscular endurance, lighter weight, 12+ reps

Is the assignment of training loads different based on the exercise?

Yes, mainly only power and core lifts can really be tested and thus the RM formula can be applied to them.  With the assistance lift you have to pick a rep range that will meet your goals.  There are some exceptions though in which special rep and load mixing can be done with assistance exercises.

3. Prescribe loads/resistances (including heart rate guidelines) related to specific goals and outcomes of training (e.g. muscular endurance, hypertrophy, strength, power, aerobic endurance)

How does the training load relate to the goal of training?

Loads are higher for athlete focusing on strength and power gains.  Medium loads for hypertrophy and light loads for muscular endurance.

How does training load relate to training volume?

More overall sets and reps with medium to high weight for strength, power and hypertrophy people.  Less of all for those working for muscular endurance.

How are intensities (e.g. heart rat, RPE, etc.) established for aerobic endurance training?

Based on the percent of maximal heart rate or a desired heart rate work rate.

How does the target heart rate change with different modes of aerobic training (e.g. long slow distance, interval training, etc.)?

Long slow distance – 80% max heart rate

Pace/tempo – done at slightly higher than race pace, develops a sense of race pace

Interval training – intensity close to maximal oxygen uptake, extremely high heart rate, 1:1 work-rest ratio

Repetition training – intensity above maximal oxygen uptake, high heart rate, 1:5 W:R

Fartlek – periods of 70% max oxygen uptake interspersed with bursts of 85-90% max oxygen uptake, high heart rate as well

E. Design training programs that maximize performance by determining and prescribing appropriate volumes (defined as sets x reps) based upon an athlete’s health status, strength and conditioning levels, and training goals:

1. Explain outcomes associated with the manipulation of training volume

What is training volume?

It describes the total amount of weight lifted in a training session.

What are different measures of training volume?  How are they measured?

Typical way to measure is to multiply number of sets x number of reps x weight of each rep.  Other method is just to multiply sets x reps.

What activities require training with high volumes?  Low volumes?

Sports with more need for muscular size, strength and power, such as football, require greater volumes.  Those that do not, such as cross country running, require lower volumes.

2. Prescribe volumes related to specific goals and outcomes of training (e.g. muscular endurance, hypertrophy, strength, power, aerobic endurance)

How does the training volume relate to the goals of training?

If goal is power, will have least reps, but probably a lot of sets with extremely high weights.  Strength will probably have greatest overall volume b/c still heavy weight, more reps per set, and still a lot of sets.  Hypertrophy goals will have medium volumes as they will have medium weight, with higher reps but less sets.  And muscular endurance will have extremely low weight, a lot of reps, but only 1-3 sets.

How does volume relate to training status?

The more trained an athlete is, the higher his volume will have to be to produce further gains.

F. Design training programs that maximize performance by determining and prescribing appropriate work/duration and rest periods, recovery methods, and training frequencies based upon an athlete’s health status, strength and conditioning levels, and training goals:

1. Prescribe work and rest periods and recovery methods related to specific goals and outcomes of training (e.g. muscular endurance, hypertrophy, strength, power, aerobic endurance)

How do the durations of the work and rest periods relate to the goal of training?  To the involved energy systems?

With strength and power goals, rest between sets needs to be at least up to 2 minutes and as long as 5.  This is necessary for complete recovery in order to produce maximal efforts in subsequent sets.  Also, it allows the phosphagen energy system to recover and never taxes it beyond it’s use as it is the primary source of energy during this type of lifting.

Hypertrophy has a slightly shorter rest period, but still at least 1.5 minutes.  Again want to be able to produce near maximal efforts.  Also phosphagen system is still important and does not want to be taxed beyond use, but fast glycolytic system is in play as well.

Muscular endurance requires short rest periods of about 30 seconds.  Do not want full recovery in muscle b/c not working at maximal efforts and also want to begin to tax slow glycolytic and oxidative systems.

How are work:rest ratios assigned based on the goal of training?  Of the involved energy systems?

See above.

What type of recovery method (passive or active) is recommended?

Passive, except if doing muscular endurance work, can do some active.

2. Prescribe training frequency related to specific goals and outcomes of training (e.g. muscular endurance, hypertrophy, strength, power, aerobic endurance)

How does training frequency relate to the goal of training?

Athletes aiming for strength, power, and hypertrophy, in advanced stages, may train up to 6 days a week, but athletes seeking muscular endurance will probably do only 4 at most.  But there are other factors that determine training frequency in addition to just the goals.  An athlete’s training status, the more trained an athlete, the more frequency of workouts he can handle.  Beginners 2-3 times per week, intermediates, 3-4, advanced, 4-7.  Also, the time of year related to the sport season will make a difference.  Off season, 4-6, preseason, 3-4, in season, 1-2, post season, 1-3.

How is frequency assigned based on the goal of training?

See above.

G. Design training programs that maximize performance by determining and prescribing appropriate progression based upon an athlete’s health status, strength and conditioning levels, and training goals:

1. Describe when and how to progress exercise mode, intensity, duration, and frequency

How does exercise progression relate to an athlete’s current training status?

B/c once an athlete begins to adapt to the current stresses placed on them and begins to advance beyond their current training status, then the workouts will progress for continued improvements.

When should an athlete’s training intensity, duration, or frequency be increased?

When the athlete begins to adapt to one or all of these variables.

How should an athlete’s training intensity, duration, or frequency be increased (i.e. absolute or relative changes)?

Some people will subscribe to the practice of absolute increase, but each athlete progresses differently, so a relative approach is probably the most productive, with increase of 2.5-10% of their 1RM.

2. Prescribe progression related to specific goals and outcomes of training (e.g. muscular endurance, hypertrophy, strength, power, muscular endurance)

How does exercise progression relate to the goal of training?

More important for progression with power, size, strength goals.  Muscular endurance doesn’t need such large progressions.

What criteria should a strength and conditioning professional use to evaluate an athlete to determine proper exercise progression?

Testing of 1RM before and after a workout cycle.  2-for-2 rule, progress if athlete can do 2 more reps than his 10RM in his last set

.

H. Design training programs that maximize performance by utilizing the principles of periodization:

1. Explain periodization [e.g. what type of program is associated with a given general training phase/cycle and methods of applying those phases/cycles (i.e. cycling a macro-,  meso-, and microcycle)]

What is periodization?  What physiological responses are the basis of the periodization model?

It is a variation in training specificity, intensity, and volume organized in planned periods or cycles within an overall program.  The body reacts to training stress in what is called General Adaptation Syndrome (GAS).  The three phases of this are the shock or alarm phase in which performance slightly decreases in the first few days as soreness and stiffness result, the resistance phase in which the body adapts to the stimulus and begins to improve, and the exhaustion phase in which the same symptoms as the shock phase occur, but the body has lost the ability to adapt.

What are the various periodization phases?

Macrocycle – largest phase, typically an entire training year

Mesocycle – two or more of these in each macrocycle, lasting from a couple weeks to a couple months

Microcycle – two or more of these in each mesocycle, as long as 1 week to a month

All of these periods are worked in according to what time of the year it is, which is broken into 4 segments:

Preparatory Period – longest and occurs when there are no comps and limited number of skill specific practices

First Transition Period – between prep period and comp period

Competition Period – in season

Second Transition Period/Active Rest – lasts 1-4 weeks after the comp period

What are the typical goals of each periodization phase?

Preparatory Period – establish a base level of conditioning, consists of 3 phases: hypertrophy/endurance phase, goal is to increase lean body mass and develop an endurance (muscular and metabolic) base for more intense training; basic strength phase, aims to increase strength of muscles essential to primary sport movements; strength/power phase, high loads and low volumes and interval and speed training done at near competition speeds

First Transition Period – denotes a break between high volume training and high intensity training

Competition Period – goal is to peak strength and power and practice in skill technique and game strategy study increases as physical conditioning decrease proportionately

Second Transition Period/Active Rest – focus on unstructured non-sport specific activities at low intensities with low volumes

2. Describe training variations based on the seasonal aspect of sports (e.g. a certain training phase/cycle for a specific sport season)

How do training volume and intensity change during a sport’s off-season?  Pre-season?  In-season?  Post-season?

Off season – starts with low to moderate intensity and high to moderate volume but as progresses from hypertrophy/endurance to strength to power, the intensity  get shigher and the volume gets lower

Pre season – is the late stages of preparatory period and includes first transition, so intensity is high and volumes are lower

In season – two ways to do it, very high intensity and very low volume, or moderate on both

Post season – low intensity and volume, active rest

How do these volume and intensity assignments vary based on a certain sport?

Depends on needs of the sport.  May not need to concentrate on huge strength, power and hypertrophy gains in off season for cross country, but do for football.

3. Design periodized programs specific to the needs of a sport/sport position

What is a needs analysis?  How is it used to design a sport-specific training program?

It is a two stage process that includes an evaluation of the requirements of the sport and an assessment of the athlete.  It allows the S&C professional to see what exercises are necessary to improve for this sport as well as what the athletes strengths and weaknesses are and what should be emphasized in his program.

During what phase should sport specific exercises be integrated into the periodized program?

During the mid part of the preparatory period, around the strength phase, when intensities start to become higher and volumes start to decrease.

How do a sport’s requirements help determine the training focus of a certain sport season?

B/c it lets you know what your goals need to be in order to be successful in that sport, so you will tailor your programs to achieve these goals and do it in a timely manner in accordance with the various sport seasons.

4. Design periodized programs specific to an athlete’s training level

What is the training focus of an athlete just beginning a sport-specific training program?

To improve the musculature that is essential to those sport-specific movements.

In what way is an experienced athlete’s training program different from a beginner’s program?

The advanced athlete can start out at a higher level and with more sport-specific exercises.  The loads, volumes and frequencies will be greater as well.  The advanced athlete will also need more variation for improved gains.

I. Design training programs for an injured athlete to maintain training level during the rehabilitation and reconditioning period (e.g. include safe and appropriate exercise(s) for a given injury or condition)

What forms of exercise are appropriate during the rehabilitation process?

Depends on the phase of rehab.

Inflammation – no active exercise for injured area

Repair – submaximal isometric, isokinetic, and isotonic exercise possible, also balance and proprioceptive training activities

Remodeling – possible exercises include joint angle specific strengthening, velocity specific muscle activity, closed and open kinetic chain exercises, proprioceptive training activities

How can exercises be modified based on movement restrictions or contraindications caused by an injury?

Most do exercises that impose stress on the area that needs to be worked, but some exercises may be injurious.  May have to do other exercises or be creative to come up with something that is doable but not hurtful.  Must communicate with athletic trainers when doing this.

If an are has been injured, what other body systems (e.g. cardiovascular, muscular, etc.) must be addressed to maintain fitness level?

Must continue to work non-injured areas at same levels as when injury occurred.  Must design ways that cardiorespiratory and metabolic functions can be maintained w/o affecting injures area as well.  For example, ride stationary bike with injured shoulder.

3. ORGANIZATION AND ADMINISTRATION

A. Establish policies and procedures associated with day-to-day operation of the strength and conditioning facility:

1. Establish policies and procedures for the facility

What are the program objectives of the strength and conditioning facility?

They are the specific means of attaining program goals.  Can include designing and administering of strength, flexibility, aerobic, plyometric, and other training programs that reduce the likelihood of injuries and improve athletic performance, education on nutrition and supplements, etc.

What is the purpose of having facility policies and procedures?

They will communicate a plan of action to the S&C staff and having the plan correctly implemented will establish a standard of excellence and help ensure athlete safety.

What topics should these policies and procedures address?

Policies are essentially a facility’s rules and regulations; they reflect the goals and objectives of the program.  Procedures describe how policies are met or carried out.

2. Design and adjust schedules and programs to match the needs and demands of the involved sport teams and special groups with the facility’s characteristics (e.g. hours of operation, layout, size, equipment)

How should groups of athletes be organized in the strength and conditioning facility?

In season teams have priority, schedule facility so there is an even flow of athletes throughout the day, rehab athletes assigned non-peak hours, may not be feasible for an entire team to be in facility at once, put teams on a rotating schedule

How should time be spent for each athlete/group, given a set number of exercises?

In season workouts generally shorter than off season, so are allotted a shorter time slot.

3. Provide operating procedures for and identify the characteristics of strength and conditioning equipment

What equipment components (e.g. cam versus cable, selectorized versus plate loaded, etc.) are important to identify?

???

What are the procedures of orienting the athletes to the equipment?

All exercises need to be properly demonstrated and fully explained as well as all safety concerns such as spotting.

What is the purpose of having procedures for the strength and conditioning equipment?

For safety, proper technique, equipment maintenance, etc.

B. Determine the layout of the facility for effective use of time and space:

1. Establish methods of organizing teams or special groups

How should equipment be arranged to accommodate large groups of athletes?

Should be arranged so that traffic flow is around the perimeter of each exercise area and there should be at least on large walkway that bisect the facility.

2. Arrange equipment to reduce the potential for injury

How should the equipment be placed to promote a safe and efficient strength and conditioning facility?

Barbells and dumbbells need to have 3 feet in between the ends.  Weight trees need to be in close proximity to plate loaded equipment.  Need to have significant amount of space needs be allotted to stretching, warm up, and aerobic areas, about 49 square feet for each athlete, and various square footage for the type of equipment in the aerobic area.  The area for one free weight station or one Olympic station needs accommodate 3-4 people.

Where should high-risk equipment (e.g. lifting platforms, power racks, etc.) be placed in the strength and conditioning facility?

All power exercise need be placed away from windows, mirrors, exits, and entrances.  Also need to be put in areas that are readily supervised.

Where in the strength and conditioning facility should taller equipment be placed?

Need to be arranged along the walls, may also need to be bolted to floor or wall.

C. Maintain equipment and facility to provide a safe training environment:

1. Establish procedures for facility and equipment maintenance

What are the procedures for maintaining facility equipment?

They include facility maintenance and equipment maintenance, making sure both are clean and all is in proper working order.

What hazards may result from improper maintenance of the equipment and facility?

Injury, disease, breaking of facility and equipment components, etc.

Identify areas and equipment requiring cleaning.

Facility - floors, walls, ceilings

Equipment – surfaces coming into contact with human skin need be cleaned regularly

2. Identify litigation issues relating to facility operation

What documentation should athletes fill out before participating in a training program?

Medical clearance and examination forms.

How can the strength and conditioning professional minimize liability?

Athletes need to be constantly supervised, must provide proper technique instruction, must have a qualified and knowledgeable staff, athletes must have medical clearance, must have an emergency care plan that detail the proper procedures for caring for injuries, need to do meticulous record keeping, get liability insurance

What safety programs can be initiated to reduce injury risk in the strength and conditioning facility?

Liability insurance, emergency care plan

3. Establish procedures to promote and accident- and injury-free environment

How can the strength and conditioning facility be prepared to reduce accidents?

Through the steps explained above.

What ways can the strength and conditioning professional prepare staff members for emergencies?

Making sure they are all CPR and first aid certified, making sure they are all NSCA certified, establishing a sound emergency care plan with them

What are common situations in a strength and conditioning facility that contribute to a higher incidence of accidents?

Negligence, improper supervision, improper instruction, horseplay, etc.

4. TESTING AND EVALUATION

A. Select and administer appropriate tests to maximize test reliability and validity:

1. Select a valid test or tests based upon the unique aspects of a sport, sport position, and training status

What is test validity?

Refers to the degree to which a test or a test item measures what it is supposed to measure and is the most important characteristic of testing.

How can validity be affected by test selection?

B/c there are different types of validity.  A certain test may have one type of validity but not another.  The three types of validity are:

Construct – refers to overall validity, or the extent to which the test actually measures what it was designed to measure

Face – the appearance to the athlete and other casual observers that the test measures what it is purported to measure

Content – the assessment by experts that the testing covers all relevant subtopics or component abilities in appropriate portions

How does test validity change with different sports and training status?  Which tests are appropriate for which sports?

All else being equal, the more similar a test is to an important movement in the sport, the better.  Experienced athletes will be able to handle technique intensive test much better than beginners, so the test is more valid for experts.  Must also select tests that are in accordance with the current training cycle (or status) of the athlete, such as don’t ask a person to do a 3 mile run test when they have been doing 200 meter interval training.

2. Establish proper procedures to maximize test reliability:

a. Explain test administration procedures that utilize equipment, personnel, and time efficiently

What is the purpose of assessing an athlete’s performance level?

In order to assess athletic talent, identify physical abilities in need of improvement, provide reference values to evaluate the effectiveness of a training program, and set realistic training goals.

How can tests be administered to use time efficiently?

Test administrators should be well trained and thoroughly understand all procedures and protocols.  Scoring forms need to be made before tests are administered.  Testing session needs to be well organized, that means athletes are aware of procedures and instructions have been very clearly communicated.  Tests are done in an order so as to promote maximal efforts and results.

What procedures are used to calibrate equipment?

Make sure it is all in working order, follow any manufacture instructions on how the equipment is used.

b. Administer testing protocols and procedures to ensure reliable data collection

1) Describe the testing equipment and its proper use

What testing equipment is typically used in performance assessments?

Free weights, vertec, stairs, fields, tracks, cones, sit and reach box, calipers

How does the testing equipment measure performance?

In inches, feet, seconds, minutes, etc.

2) Explain testing procedures (e.g. how to test, ordering tests, proper rest between trials, etc.)

How can athletes be prepared to successfully complete a testing battery?

Besides a well designed and adhered to training program leading up to the testing, athletes need to be informed of the date, time, and purpose of testing well in advance to allow them to prepare mentally and physically.

In what sequence should performance tests be administered?

In simple terms, easiest or most non fatiguing to hardest or most fatiguing:

Non-fatiguing tests – height, weight, flexibility, skinfold, girth, vertical jump

Agility test – cone drills

Max power and strength tests – bench, power clean, squats, etc.

Sprint tests – 40 yd. Dash

Local Muscular endurance tests – 1 minute situps or pushups test

Fatiguing anaerobic capacity tests – 400 meter run, 300 yd. Shuttle

Aerobic capacity tests – 1.5 mile run, Cooper’s test

What is the amount of rest needed between each test?

Complete recovery.

3) Describe safety factors surrounding the testing environment

How should testing stations be organized to prevent injuries from occurring?

All testing needs to be done in properly supervised situations on the proper type of surface (wood, turf, grass, track, etc.) with the proper type of equipment.

Explain the protocol if an emergency situation occurs during a testing session.

Follow same procedures as you would in emergency situation in a strength and conditioning facility (activate EMS, administer CPR/first aid, etc.)

How much space does each test require?

Depends on test.  For example, sit and reach only need a few square feet while the 300 yd shuttle needs the length of an entire football field.

4) Administer tests to assess physical characteristics (e.g. body weight, body fat, height, etc.) and evaluate performance (e.g. T-test, vertical jump, 1RM testing, etc.)

What are the types of tests administered to assess the physical characteristics of an athlete?  What are the testing protocols?

The types of tests are body composition tests and anthropometry tests.  The testing protocols include skinfold measurements for body composition, and height, weight, and girths of various points on the body for anthropometry tests.

How do these tests assess an athlete’s performance?

The above explained tests do not measure performance.  Other tests where an athlete is actually doing something measure performance.  For example, maximum muscular strength, high speed/power strength, anaerobic capacity, local muscular endurance, aerobic capacity, agility, speed, and flexibility tests.

B. Evaluate and identify the significance of testing results:

1. Interpret test results for various sports and sport positions and how they influence the design of a training program (i.e. determine which outcome of training needs to be improved or focused on in the future)

How are scores interpreted based on an athlete’s sport and position?

Different results mean different things for different people.  For example, in football a running back should have a fast 40, say 4.3 seconds, but an offensive lineman would only be expected to run a 5.0 at the least.  But that offensive lineman would be expected to have a 350 pound bench press b/c he needs that type of motion to push tacklers out of the way.  Now if a running back has a 350 pound bench press, it is not going to expressly help him too much b/c not a lot of his job involves that type of pushing, but it is not going to hurt his performance neither.

Between sports, a cross country runner would not be expected to run a 4.3 40 like the running back, but the running back would not be expected to run 10 laps in a Cooper’s test like the cross country runner could.

How can testing results help in setting appropriate training goals?

B/c they will give evidence of where an athlete is weakest and he can therefore focus strongly on that aspect of his training in order to improve.

2. Recognize typical and atypical performance values in various tests (i.e. choose among the administered tests to determine which test result was good or poor)

What are typical values for the various performance tests?

It depends on the age and sex of the athlete, as well as the sport, and in some sports, even the position of the athletes.  For example, with the vertical jump, a high school receiver may have a 30+ inch vertical while a lineman has only 15-20 inch vertical.  But some college and pro linemen may be able to get up to 25-30 inch verticals, but by this time, if that same receiver has continued to progress in his training, he will probably have a 40+ inch vertical.

How do these results identify an athlete’s deficiency?

Continuing with the above example, if the receiver still only had a 30 inch vertical by the time he was a pro, then it would show that this is a weakness that he needs to improve upon.

What statistical analyses may be used to assess test results?  Explain how these are used to assess whether a score is good versus poor.

There are two types of statistics that are most useful when analyzing test results, descriptive and inferential statistics.  Descriptive statistics include central tendency, or the mean, median, and mode, variability, or range and standard deviation, as well as percentile rank.  Inferential statistics simply allow you to draw broad general conclusion about an entire population based on the testing of a small sample of that population.

All of these methods offer various ways to show whether a score is good or bad.  For example, if you take the average of your soccer teams 1RM squat, then you can compare everyone’s score to the average and see who did well and who did bad compared to the rest of the team.  You can also compare your team average to a national average which is available in various books and on charts from various studies.

