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Summary 

 

Strength training and physical conditioning can help sustain human life in two 

important ways. A strong and physically fit person will be more capable of providing 

essentials for themselves such as food, water and shelter. Secondly, regular physical 

activity should decrease the risk of premature death caused by preventable diseases such 

as cardiovascular disease. Exercise Science is a field devoted to the study of exercise 

and the acute and chronic effects on the human body. Strength and conditioning 

professionals develop specific exercise techniques and programs for athletes and other 

healthy individuals that will help to prepare them for competition or other fitness 

activities. Strength and conditioning professions also work directly with others who 

want to use exercise to improve overall health. This chapter discusses strength training, 

conditioning techniques, and the positive effect that exercise has on the human body. 

The impact of regular exercise on overall health and disease prevention is also 

discussed.  

 

1. General Introduction 

 

Regular participation in physical activity, including strength and conditioning exercises 

will prepare athletes and other healthy individuals for competition and other fitness 

activities and reduce the risk of musculoskeletal injury. Physical activity will also 

improve quality of life and decrease the risk of a number of preventable diseases which 

in turn, may decrease the likelihood of premature death. This chapter is intended to 

provide a guide for those who wish to increase strength and improve conditioning or 

better understand exercise physiology and the mechanisms of improvements that lead to 

more physically fit body. 
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2. Development of Strength, Power and Muscle Endurance 

 

2.1. Introduction 

 

Developing and maintaining strength is important for good health and the performance 

of activities of daily living, and is essential for most sporting activities. Strength is 

defined as the maximal force that a muscle can exert in a single maximum contraction. 

Strength is important in sports but a related variable, power is often more important due 

to the demands of many sports such as football, baseball, basketball and soccer. Power 

can be defined as the product of force and velocity or work divided by time. Power is 

the rate at which a muscle contracts and develops force throughout the range of motion. 

For sports like cycling and tennis where muscle actions are repeated frequently, 

muscular endurance, the ability to produce repetitive muscular contractions against 

some resistance for an extended period of time, is important. Each of these important 

components of physical fitness can be improved with appropriate physical conditioning 

and resistance training. 

 

2.2. Anatomy and Function of the Neuromuscular and Musculoskeletal Systems 

 

Muscles are composed of many muscle cells which are called fibers. These fibers are 

organized in bundles and their integrity is maintained by connective tissue. This 

connective tissue makes up the parallel elastic component and is continuous with 

tendons on either end of the muscle. These tendons attach the muscles to bones at a 

locations referred to as the bony apophysis. The end which is closer to the midline of 

the body (proximal) is called the origin and the end which is further away from the 

midline of the body (distal) is called the insertion. The muscles cross joints so when the 

muscles shorten the origin and insertion are drawn together and the joint will move.  

 

Muscles are excitable which means they can respond to nervous stimulation originating 

from the central nervous system and traveling along efferent nerve pathways. The 

stimulation is delivered to the muscle through the alpha motor neuron across the 

neuromuscular junction. The alpha motor neuron and all of the muscle fibers that are 

innervated by the alpha motor neuron is called the motor unit. The more motor units that 

are recruited the more force is produced. 

 

Each muscle fiber is composed of smaller myofibrils which contain contractile proteins 

called myofilaments. There are thin filaments composed of actin, troponin and 

tropomyosin, and thick filaments composed of myosin. Myosin filaments have heads 

called cross-bridges. This portion of the muscle is the primary source of force 

production during concentric muscle actions. When an electrical nerve impulse called 

an action potential is generated in the axon of a motor neuron it causes the release of a 

chemical neurotransmitter, acetylcholine, which crosses the neuromuscular junction and 

causes an action potential on the sarcolemma that lines the muscle fiber. This action 

potential causes the release of Calcium ions which attach to troponin on the thin 

filaments, causing tropomyosin to move from a blocking position so that actin and 

myosin can bind. Muscle contraction occurs according to the Sliding-Filament Theory. 

According to this theory the myosin filament cross-bridges bind the actin filaments 

causing the release of energy (ATP) which provides the fuel for the cross-bridges to fold 
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inward causing the actin filaments to slide over the myosin filaments. This causes the 

muscle to shorten. This ratcheting movement is referred to as the power stroke. ATP 

then binds myosin breaking the linkage between actin and myosin. The myosin cross-

bridges re-cock and bind actin again to produce further movement of the thin filaments. 

This process of binding, ratcheting and re-cocking will continue as long as Calcium ions 

are present to remove tropomyosin from its blocking position. When the nervous 

stimulation and subsequent action potential end, Calcium is removed and tropomyosin 

will again block actin and the muscle fiber will relax.  

 

2.3. Factors That Determine Force Producing Capabilities 

 

Strength depends on a number of neuromuscular factors. Some of these are dependent 

upon the method of strength production and others are dependent upon strength 

development as a result of resistance training. Those that can be positively affected by 

resistance training include muscle size, muscle fiber types, motor unit recruitment and 

coordination of muscular actions. Those that are simply dependent on the method of 

force production are the length tension relationship and type of muscle action.  

 

There is a direct relationship between muscle size (cross sectional area) and muscle 

strength. Adaptations within muscle are described by hyperplasia, hypertrophy and 

atrophy. Hyperplasia is an increase in muscle size due to an increase in the number of 

muscle fibers within the muscle. This was once thought to occur with resistance training 

but now is believed to only occur during fetal development. It is believed that after birth 

we have a determined number of muscle fibers. Therefore, to increase the cross 

sectional area of a muscle there must be an increase in the size or cross sectional area of 

individual muscle fibers.  

 

This is referred to as hypertrophy and will occur with appropriate resistance training. 

Unfortunately, the opposite is also true if there is a significant decrease in activity. 

Muscles can decrease in size by having a decrease in the size of individual fibers which 

is referred to as atrophy. These adaptations in muscles are explained by the SAID 

(specific adaptation to imposed demands) principle. If a muscle is required to work 

against the ever increasing demands of progressive resistance exercise (PRE) then the 

muscles will adapt in a specific way which is hypertrophy so that the muscles can meet 

the greater demands of this progressive resistance exercise. Conversely, if limited 

demands are placed on a muscle either through inactivity or immobilization as a result 

of injury, the muscles will adapt in a specific way which is atrophy. This concept was 

first defined by De Lorme & Watkins (1948) but first practiced by a Greek athlete 

named Milo who managed to lift a mature bull onto his shoulders. This was made 

possible by lifting the animal from birth and as it grew to maturity thus Milo was able to 

work against progressive resistance and develop the strength needed to lift the full 

grown bull.  

 

Muscles are capable of acting in several ways which also affects force production. 

These actions can be defined based on change in length or based on a relationship 

between the force produced and the resistance provided. If the force produced is greater 

than the resistance provided then the muscle will shorten to produce joint movement. 
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However, if the force produced is less than the resistance provided the muscle will 

lengthen and movement will be resisted by the muscle.  

 

And if the force produced is equivalent to the resistance provided no change in muscle 

length will occur and therefore no movement will occur. In other words if an athlete lifts 

a weight the active muscle is performing a concentric action, if an athlete lowers a 

weight under control the active muscle is performing an eccentric action, and if the 

weight is held in place the active muscle is performing an isometric action. Concentric 

actions have the least force producing capability followed by isometric muscle actions 

with eccentric muscle actions capable of producing the most force. When acting 

eccentrically a muscle can produce 1.1 to 1.4 times as much force because of a 

contribution from both contractile and series elastic components of the muscle.  

 

The amount of force produced by muscles also depends on the number of muscle fibers 

that are active. This is determined by the number of motor units that are recruited. If a 

motor neuron is recruited, each of the fibers will fire according to the all or none 

principle. If greater force is required to move against resistance additional motor units 

are recruited to incorporate additional fibers. Conversely, if less force is required less 

motor units are recruited to delay muscle fatigue.  

 

Strength is also determined by how well muscles work together. When an agonist 

muscle acts to move a joint, the antagonist muscle that opposes the movement should 

relax to allow maximum force during the intended movement. With complex 

movements that involve multiple muscles acting on multiple joints, the muscles should 

work in a coordinated fashion for smooth and forceful movements against resistance.  

 

There are two basic types of muscle fiber that have different force production 

capabilities. Sub-groups have also been identified but only the two basic types will be 

presented here. Type I fibers (slow twitch) produce less force and contract slower but 

are resistant to fatigue. Type II fibers (fast twitch) produce more force and contract 

faster but also rapidly fatigue. Therefore, muscles containing a higher percentage of 

Type II fibers have a greater ability to produce force.  

 

Another determinant of the amount of force that can be produced by muscle is based on 

the length tension relationship. This relationship differs from muscle to muscle and 

from person to person but generally speaking, muscles produces less force when either 

in a lengthened or shortened position, and greater force when working in the middle of a 

joint’s range of motion. So, for a muscle like the biceps brachii, more force can be 

produced in the middle of the range of motion for elbow flexion which is roughly 70° as 

opposed to when the elbow is extended near 0° or flexed near 140°. This will be of 

particular importance when comparing isotonic and isokinetic exercises in Section 2.6. 

 

2.4. Adaptation to Anaerobic Training 

 

Resistance training and interval training that include high intensity, intermittent bouts of 

exercise are considered to be anaerobic training. This type of training will cause many 

significant adaptations that will increase strength and power. 
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2.4.1. Neural adaptations 

 

The neural adaptations are complex and occur earlier during a training program than 

muscular adaptations. Increased neural drive from the central nervous system leads to 

greater recruitment of fast-twitch motor units. Untrained individuals have been 

demonstrated to recruit an average of only 71% of available muscle fibers when 

performing at maximum effort (Adams et al., 1993). When high intensity eccentric 

resistance training was used for 4 weeks the average recruitment increased from 80% to 

91%. (Pensini et al., 2002).  

 

Resistance training will lead to increased recruitment, rate of recruitment and 

synchronization of motor unit firing (Sale, 1987).  

 

Therefore, more motor units will fire at a faster rate and at the same time for maximum 

force production. Motor units are typically recruited according to the size principle 

where slow-twitch motor units with smaller motor neurons are recruited first followed 

by fast-twitch motor neurons if additional force is required to move against the applied 

resistance. With high intensity training like plyometrics (see 2.7.1), selective 

recruitment of fast-twitch motor units may occur for a more rapid development of force 

(Newton et al., 1996). 

 

2.4.2. Muscular Adaptations 

 

There is a correlation between the cross sectional area of muscles and strength. 

Resistance training results in hypertrophy which is an increase in the cross sectional 

area of existing muscle fibers. The increased muscle size results from an increase in the 

number of myofibrils (MacDougall et al., 1976), and the number of myofilaments 

within the myofibril, (MacDougall et al., 1979) which are the contractile proteins actin 

and myosin. Therefore, the myofibrils increase in both size and number resulting in an 

increased cross sectional area of the individual muscle fibers and the muscle as a whole. 

 

With training the repetitive activation of a muscle fiber type will cause a transition to a 

more oxidative fiber subtype. This adaptation does not result in greater strength but 

rather greater muscle endurance because of the oxidative shift. However, it is unlikely 

that repetitive activation will lead to a transition from fast twitch Type II muscle fibers 

to slow twitch Type I muscle fibers. 

 

2.4.3 Connective Tissue Adaptations 

 

Stronger and larger muscles will place greater stress on bone as the tendons pull on the 

bony attachment sites during movement. The results of this added stress are a 

corresponding increased bone mineral density and bone diameter resulting in a stronger 

bone. Therefore, resistance training is recommended for osteopenia and osteoporosis 

where bone mineral density has been reduced. The stronger bone is capable of 

supporting hypertrophied muscle. In addition, there is an increase in the tendon-bone 

junction that results from forceful pull from the contracting muscle during resistance 

training. (Ratamess, 2008)  
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The forceful contraction of muscles during intense resistance training is also thought to 

increase the tensile strength of ligaments and tendons. There is an increase in the 

strength of attachments to bone as well as with the collagen fibrils that make up the 

body of connective tissues. (Ratamess, 2008) 

 

2.5. Warm-Up and Stretching 

 

There are conflicting research findings with regard to performance but what is clear is 

that a loss of flexibility as a result of injury will adversely affect performance and 

should be corrected. 

 

Before stretching, muscles should be warmed with light intensity exercise to a 

temperature of at least 39 ºC to increase elasticity. (Prentice, 2011) Efforts should be 

made to promote relaxation and the stretches should gradually increase from repetition 

to repetition. To improve flexibility it is recommended that stretching should be 

performed at least three days per week and at least one day per week to maintain 

flexibility.  

 

2.5.1. Ballistic and Dynamic Stretching 

 

Ballistic stretching is a technique where the stretch is not held and thus involves 

bouncing in and out of the stretch. Ballistic stretching is not effective for improving 

range of motion because the rapid stretch triggers the stretch reflex which will bring 

about a reflex shortening of the muscle that is not desired. However, ballistic stretching 

is an important part of a dynamic pre-activity warm-up that prepares muscles for 

forceful, explosive movements that occur during many physical activities (Samuel et al., 

2008). Dynamic stretching uses ballistic movements that are similar to the movements 

that will be required in for the forthcoming physical activity. Therefore, dynamic 

stretching is recommended as a part of all pre-activity warm-ups.  

 

2.5.2. Static Stretching 

 

Static stretching is a technique where the stretch is held for an extended period of time, 

with 30 seconds being recommended. Static stretching is a preferred method because it 

is simple and can be done with or without a stretching partner. Because the stretch is 

held for an extended period of time the stretch reflex can be avoided and inhibition in 

the muscle being stretched may occur due to tension that occurs when the stretch is 

sustained. This inhibition should lead to a greater stretch magnitude than a stretch that is 

not held for an extended period of time.  

 

2.5.3. Proprioceptive Neuromuscular Facilitation Stretching 

 

Proprioceptive neuromuscular facilitation (PNF) stretching should provide the best 

flexibility results because it involves specific techniques that facilitate muscular 

inhibition during the stretch, and it includes the beneficial static stretching as well. The 

disadvantage is that the stretch requires a partner with some expertise. Three different 

PNF stretches are described below and each includes three phases (Holcomb, 2000): 
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a. Hold-Relax. Ten seconds passive stretch of the antagonist followed by ten 

seconds isometric contraction of the antagonist followed by 30 seconds 

passive stretch of the antagonist  

b. Hold-Relax with Agonist Contraction. Ten seconds passive stretch of the 

antagonist followed by ten seconds isometric contraction of the antagonist 

followed by 30 seconds passive stretch of the antagonist with simultaneous 

contraction of the agonist.  

c. Contract-Relax. Ten seconds passive stretch of the antagonist followed by 

ten seconds concentric contraction of the antagonist followed by 30 seconds 

passive stretch of the antagonist. 

 

 The terminology included in a-c is defined as follows: 

 Hold-  isometric muscle contraction 

 Contract- concentric muscle action 

 With agonist contract-  muscle opposite stretched muscle performs concentric 

action  

 Relax- passive stretch 

 Antagonist- muscle being stretched 

 Agonist- muscle opposite muscle being stretched 

 

- 

- 

- 
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