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2.	 Where is DNA located and what is its role?
3.	 What is the role of mitochondria in the cell?
4.	 What is the difference between aerobic and anaerobic metabolism?
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limited by two Z-lines, which is the place of actin myofibrils attachment. 
During muscle contraction, Ca-ions are released from the sarcoplasmic re-
ticulum and bind to troponin C, resulting in its conformation change. This 
leads to attachment of myosin and actin filaments, consumption of ATP, and 
consequential muscle shortening. Muscle contraction can be categorized as 
concentric, isometric, or eccentric, and the type of contraction determines 
the power that the muscle can generate. A single motor neuron and all the 
muscle fibers to which it connects is a motor unit; these units are catego-
rized as type I red fibers, type IIa intermediate, and type IIb fast fibers based 
on their physiological properties. Muscle fibers can be categorized differ-
ently depending on their structural, metabolic, and stimulation properties.

TEST QUESTIONS

1.	 What are the main components of a myocyte?
2.	 What categories of muscle architecture can be established based on the 

arrangement of muscle fibers? What is the role of the arrangement of 
muscle fibers regarding the extent of muscle contraction?

3.	 What type of muscle contractions can be defined and what are their 
characteristics?

4.	 What is the mechanism of muscle contraction?
5.	 What is a motor unit?
6.	 What are the characteristics of fast, slow, and intermediate muscle fibers?
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microscopic injuries and results in pain. Overtraining is a complex process 
determined by multiple factors, which may result in long-lasting under-
performance. Symptoms of overtraining can be divided into physiological, 
biochemical, immunological, and psychological groups.

TEST QUESTIONS

1.	 How do homeostasis and adaptation correlate?
2.	 What are the main types and characteristics of adaptation?
3.	 What are the causes of central and peripheral fatigue?
4.	 What are the characteristics of muscle fever?
5.	 What are the symptoms of overtraining?
6.	 What opportunities does a trainer have to prevent overtraining and to 

enhance regeneration?
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TEST QUESTIONS

1.	 What factors determine the force generated by the muscle?
2.	 What is the mechanism of cross-sectional area growth of muscles?
3.	 How are motor units recruited during different loading?
4.	 Explain the correlation between different types of muscle contractions 

and the force generated by the muscle.
5.	 What are the characteristics of the maximal strength training method?
6.	 What are the differences between the maximal strength and speed 

strength training methods?
7.	 What are the most important factors in strength endurance development?
8.	 What is the difference between neuromuscular coordination training 

and training for cross-sectional area growth?
9.	 Why and how does age affect adaptation to strength training?
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	 4.	 What is the anaerobic threshold, and what is its importance in endur-
ance training?

	 5.	 What are the characteristics of adaptation to endurance training?
	 6.	 What training methods are efficient to improve heart functions and 

how do they work?
	 7.	 What training methods would you recommend to improve oxidative 

functions of mitochondria in skeletal muscles?
	 8.	 How would you improve resistance to lactic acid and how does it work?
	 9.	 What type of endurance training would you recommend a football 

player and a 1 min. Swimmer?
	10.	 Why is high-altitude training not always useful to improve endurance?
	11.	 What type of training would you recommend to improve health and 

how does it work?
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TEST QUESTIONS

	(1)	 What factors determine speed?
	(2)	 What exercises can improve speed?
	(3)	 What elements is speed comprised of?
	(4)	 What are the main characteristics of fast-twitch muscle fibers?
	(5)	 What is a speed limiting factor?
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7.5  “R” EXTRA

Six-seven strength training followed by stretching significantly improved the 
speed of serving of young tennis players, and decreased the risk of injuries 
compared to a group participating only in strength training (Fernandez-
Fernandez et al., 2013). The combined training widened the range of move-
ments, so they could accelerate the tennis racket over a longer distance and 
hit the ball with a higher velocity. Thus, increasing the range of movements 
has a positive effect in tennis according to those authors.

Regeneration with cold and hot water baths is a generally used method 
following training; however, measurements did not indicate increased 
stretchiness of the thigh flexors (Burke et al., 2001). Selection of optimal 
flexibility training depends on the type of sport, and this ability also needs 
to be monitored frequently.

7.6  SUMMARY

Joint flexibility is strongly correlated with performance in certain sports. 
Every sport requires some degree of joint flexibility, and some need a high 
degree of flexibility. During flexibility training, the myotatic (stretch) reflex 
needs to be considered since its switching off through different stretching 
methods is an important element in flexibility development.

TEST QUESTIONS

	(1)	 What determines range of motion?
	(2)	 What role does the Golgi tendon organ have?
	(3)	 What is the physiological base of stretching?
	(4)	 What is PNF?
	(5)	 What is the correlation between flexibility and strength?
	(6)	 Why is joint flexibility important?
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Timing of nutritional intervention is crucial and aims to enhance per-
formance, delay fatigue, and enhance regeneration. The type of nutritional 
intervention should depend on the intensity and the duration of exercise. 
Prolonged exercise with an intensity of VO2max 60%–80% with duration 
longer than 60 min. Relies on carbohydrate metabolism and availability; 
therefore carbohydrate loading before and during exercise improves per-
formance. Rapid ingestion of carbohydrates >1.2 g/kg/h for 4–6 h after 
heavy exercise loads rapidly stimulates regeneration of muscle glycogen, 
especially when 0.2–0.5 g/kg/h protein is added to carbohydrate (Kerksick 
et al., 2017). Taking proteins before and even during training, which aims 
to increase muscle hypertrophy, provides enhanced muscle protein synthe-
sis, which can also be increased by 30–40 g of casein intake 30 min. Before 
sleeping (Kerksick et al., 2017).

8.7  SUMMARY

A well-designed diet during a training period provides an optimal level of 
nutrition available during the competition. During a race, liquid and nu-
trition intake delay the development of fatigue and improve performance. 
Furthermore, we can improve the buffer capacity of the body, which im-
proves performance in endurance sports. A balanced diet before and af-
ter training promotes the regeneration process. In weight-class sports, a 
well-designed diet is extremely important with continuous control during 
preparation, and quick weight loss should be avoided.

TEST QUESTIONS

1.	 How does diet determine the glycogen content of muscle?
2.	 What nutrition facilitates the buildup of glycogen following training?
3.	 What effects does caffeine have on performance?
4.	 What nutrition is recommended for muscle growth?
5.	 What nutrition is recommended during aerobic endurance training?
6.	 What sports gain benefits from creatine monohydrate intake, and why?
7.	 What is the best method to control weight in weight-class sports?
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cardiovascular diseases, Alzheimer’s and Parkinson’s diseases, osteoporosis, and 
age-related muscle atrophy. Frequent physical training is very important for 
the elderly. Average physical activity of young individuals is higher than that 
of the elderly, thus negative effects of physical inactivity are more significant 
in the latter, and therefore they are recommended to make time for frequent 
physical exercise. It provides an opportunity to maintain balance and prevent 
lifestyle diseases, and improve life quality and increase lifespan.

TEST QUESTIONS

1.	 What are the most important aging theories?
2.	 What is the maximal lifespan of humans and what factors determine 

average life expectancy?
3.	 What is a telomere and what is its role in aging?
4.	 What are free radicals and what is their role in aging?
5.	 What are the characteristics of age-related changes of the heart and how 

are they influenced by physical training?
6.	 How does physical training influence the aging of the nervous system?
7.	 How does physical training influence bone thinning?
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those measured in experimental mice, and verify the results measured 
by Marton’s group (Marton et al., 2015).

Similar examinations were done on power performance and miRNA 
systems were tested on groups that responded well or poorly to power 
training. Decreased levels of miRNA-378, miRNA-29a, and miRNA-26a 
were measured in the muscle of the group with the weaker response to 
training, and the level of miRNA-378 correlated strongly with the increas-
ing size of the muscle cross-sectional area (Davidsen et al., 2011). There are 
significant individual differences in the level of miRNAs; however, they 
should be further examined to discover their role in sport performance, as 
that would be helpful in individual sport selection.

11.4  SUMMARY

Genetics play a very important role in sport performance. However, out-
standing performance and individual competence depend on a complex 
system of abilities of which genes are only a portion.

The complexity of sport performance is reflected by the strong dif-
ferences in individuals with differential congenital and acquired traits and 
personality. Epigenetic effects are extremely important, since lifestyle affect 
not only the life of the individual but its inheritable epigenetic changes re-
appear in descendants. The positive effects of physical training in prevention 
and healing manifest through epigenetic modification. The role of genetic 
factors in professional sports is important; however, a correlation between 
gene polymorphisms and sport performance has not yet been established.

TEST QUESTIONS

1.	 What is a gene?
2.	 What traits can be determined by genetic factors?
3.	 What is the role of sport genomics?
4.	 What genes are associated with endurance?
5.	 What genes are associated with power?
6.	 What are the advantages and limits of sport genetics?
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preparational period, the ability which mostly limits the performance, must 
be most extensively improved and in this period the duration of the training 
load is emphasized. On the other hand, during the competitive period the 
intensity increases, leading to enhanced performance.

TEST QUESTIONS

1.	 What are the components of 1-year periodization?
2.	 What factors determine goal settings in periodization?
3.	 What kind of loading patterns do you know?
4.	 What are the physiological effects of a micro-cycle that aims to improve 

aerobic endurance?
5.	 What are the physiological effects of a micro-cycle that aims to improve 

explosive strength?
6.	 What are the physiological effects of a micro-cycle that aims to improve 

speed?
7.	 How would you prepare long-term development exercise program for 

children?
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