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Abstract  
 
Introduction: The research was aimed at obtaining and extending the findings of the functional state of 
musculoskeletal system of the research sample of volleyball players, and also the possibilities of 
influencing the balance exercises in the sports training of athletes. Material and Methods: The research 
sample consisted of 12 volleyball players (girls) from the Stara Lubovna Volleyball Club. The first 
measurement was carried out in September 2015. The average decimal age of the volleyball players 
was 15.76±0.88 years. In the final measurement, which was made after three months in January 2016 
and after the application of a targeted program of balance exercises, the average decimal age of the 
group was 16.09±0.88 years. Results: The initial measurement of the players found a high percentage 
of functional muscle disorders and the most risky muscles and muscle groups that tend to shorten and 
weaken in the analyzed subjects. Based on the above, a targeted compensation program of balancing 
exercises was developed. A significant decrease of the incidence of measured functional muscle 
disorders to p<0.01 of shortened flexors of the knee, musculus rectus femoris, of weakened abductors 
of hip joint, deep neck flexors, lower fixators of spatulas and broken motor stereotypes - one leg stand 
and push up was observed after the inclusion of experimental factor into the training plans actively for 
a three-month period. We noted a decrease in shortened musculus triceps surae, musculus quadratus 
lumborum a musculus iliopsoas, of weakened abdominal muscles and of sitting down stereotype on 
the significance level of p<0.05. Conclusion: Significant conclusions may be drawn from the acquired 
statistical data: the inclusion of appropriate and regular balance exercises in the training process of 
young athletes has a positive impact on reducing or eliminating muscle functional disorders of the 
musculoskeletal system in its individual components - shortened muscles, weakened muscles and 
impaired movement patterns. 
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INTRODUCTION 
 
 Competitive sports are typical for excessive and one-sided overloading of the musculoskeletal 
system, which creates a risk of functional muscular disorders and injuries that can lead to an early 
termination of the sports career. These risks are greatly affected by high training load, which is carried 
out without adequate compensation.  
 The knowledge of muscular imbalance, which can be considered the gravest functional muscle 
disorder that adversely affects the posture, motion stereotypes, muscular coordination, and is 
important for good protection of the joints, is of utmost importance. Furthermore, it limits the range of 
motion in the joints, and their uneven and disproportionate load [1]. This increases the likelihood of 
injury, accelerates fatigue, increases susceptibility to the disorders of peripheral joints and spinal 
joints and leads to vertebrogenic defects, which we refer to as vertebrogenic syndromes. It also 
accelerates the development of degenerative changes in the joints. It may even affect the quality of life 
of the athletes [2]. 
 There are two recognized causes of muscle imbalance. The first is a biomechanical one: 
unidirectional repeated movements or sustained postures. The second cause is neuromuscular 
imbalance due to the predisposition of certain muscle groups to be either tight or weak. The muscles 
from the 'tonic’ group are prone to tightness and shortening and the 'phasic' group is prone to 
weakness [3]. 
 Back pain, shoulder pain, knee pain, etc. have become a recent phenomenon. Inappropriate 
functional load of the motor system, i.e. insufficient or excessive, or qualitatively inappropriate load, i.e. 
one-sided, especially in athletes, is the most common cause of pain. The musculoskeletal system is 
negatively affected by negative emotions, stress and also by the quality of postural behavior. The 
higher the level of postural behavior, the higher the level of muscle balance [4].  
The postural functions, controlled by the subconscious mind, are followed by the free motor programs 
and movement patterns. The programs to maintain the body position and movement are formed and 
reinforced over time through learning and repetition and belong to motor learning [5].  
 In general, until recently the physical preparation in volleyball was devoted exclusively to 
surface muscles, which is the direct executor of the actual motion. For these muscles to be as efficient 
as possible, these muscles must be adequately supported in the body of an athlete by the deep 
stabilization system. The development and strengthening of the muscles in the deep stabilization 
system leads to a reduction in functional muscle disorders, better activity of the surface muscles and 
creation of a stronger postural base for the movement, which is necessary both for the athlete’s 
compact motion and his/her individual body parts [6].  
 To a large extent, the muscles of the deep stabilization system are static, or with only a very 
few short concentric and eccentric contractions. Therefore, their development is best achieved by 
equilibrium and balance exercises using both large and small balls and various balancing boards [6]. In 
sports training [7], it is necessary to focus on the specific needs of the athlete and on various other 
factors that must be taken into account: type of sport, mobility – stability, muscle shortening, strength 
predispositions, and other individual factors. Regular balance training results in the activation of all 
muscles around the joint, a more thorough cooperation of the individual muscles, an overall better 
coordination of motion, modification of muscular disbalance and improved functioning of the deep 
stabilization system. 
 The aim of our research was to determine the effects of balance exercises on functional muscle 
disorders in volleyball players in terms of muscle shortening, muscle weakening and incorrect 
movement patterns over a period of three months (12 weeks). 
 
MATERIAL AND METHODS 
 
 The research sample consisted of 12 volleyball players (girls) from the Stara Lubovna 
Volleyball Club who actively played volleyball for 4–5 years on average. The selection of the research 
sample was intentional. The first measurement was carried out in September 2015. The average 
decimal age of the volleyball players was 15.76±0.88 years, their average body weight was 59.39±7.75 
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kg, the players were 169.41±4.83 cm tall on average. In the final measurement, which was made after 
three months in January 2016 and after the application of a targeted program of balance exercises, the 
average decimal age of the group was 16.09±0.88 years, it had an average weight of 59.20±7.81 kg, 
average height of 170±4.46 cm. 
 We used a single-group gradual experiment. To investigate the functional muscle disorders 
(muscle imbalance), we used [8] method modified by [9] for the purposes of sports practice. In the 
testing method, we proceeded according to [10]. To collect the data we used 11 tests for shortened 
muscles, 5 tests for weakened muscles and 7 tests for movement patterns. The administrators 
purposely built a motion program with balance exercises with and without equipment (fitballs and 
overballs), which were focused on shortened muscles (m. rectus femoris, m. pectoralis major, m. 
levator scapulae, m. trapezius, m. quadratus lumborum, m. triceps surae), weakened muscles (stomach 
muscles, hip joint extensors, lower shoulder blade fixators) and wrong movement patterns  standing 
on one leg, hip joint extension and pushup.. The affected muscles, muscle groups and movement 
patterns were evident at least in 50% of the test subjects during the initial examination. When 
selecting the exercises, we followed the methodology of [11,12]. Balance exercises were adapted to the 
load and intensity of sports training, and we included them in the extent of 3×15 minutes per week in 
the final part of sports training. 
 We used percentage analysis and frequency analysis to qualitatively analyze the functional 
muscle disorders. The statistical significance of changes in shortened muscles, weakened muscles and 
incorrect movement patterns at each of these measurements was evaluated with Chi-square (χ2) at a 
1%, 5% and 10% level of significance. The practical and substantive significance was assessed using 
the Effect Size (Cramer’s Phi – φc and Cohen's – φw), drawing from his estimate: 0.10 – small effect; 
0.30 – medium effect; 0.50 – great effect [13]. 
 
RESULTS 
 
 Functional muscle disorders were noted during the initial measurements in all surveyed 
subjects. The results of the overall muscle imbalance were influenced by the strictness of the 
evaluation criteria because the incidence a single shortened muscle, weakened muscle or incorrect 
movement pattern made us place the subject into the group with an incidence of muscle imbalance. 
After a three-month exercise program, the occurrence of functional muscle disorders lowered (muscle 
imbalance, shortened muscles, weakened muscles and incorrect movement patterns) by 16.6% to 25% 
(table 1). 
 In assessing the frequency of shortened muscles, we have noted shortened muscles in all 
measured subjects (table 2). The most frequent shortened muscle was m. rectus femoris (straight 
muscle of the thigh), which was diagnosed in 66.7% of the subjects. The second most commonly 
occurring shortened muscle was m. pectoralis major (great pectoral muscle) in 62.5% of the subjects. 
The third most vulnerable muscle was m. trapesius (upper trapezoid muscle) with 54.2% of the 
subjects and levator scapulae with the same percentage of occurrence. The fourth most frequently 
occurring muscle, which had a tendency to be shortened, was m. triceps surae, which was observed in 
50% of all subjects. After the application of our intentional experimental procedure, we observed a 
reduction in the incidence of all shortened muscles and muscle groups from 4.2% to 45.9%. The most 
significant decrease in the incidence of muscle shortening was found in m. rectus femoris (straight 
muscle of the thigh) by 45.9% and knee flexors by 33.4%. We observed a significant reduction in these 
postural muscles at p<0.01 and in m. triceps surae by 33.3%, m. quadratus lumborum (quadriceps) by 
29.1% and m. iliopsoas (iliopsoas muscle) by 25% at p<0.05 (Tab. 2). 
 In the initial measurements, the results clearly pointed to a group of hip joint extensors and 
abdominal muscles as the most weakened muscle group, which was diagnosed in 75% of the subjects. 
Other weakened muscles in volleyball players included lower shoulder blade fixators in 54.2% of the 
subjects, and deep neck flexors in 41.7% of subjects (Fig. 3). After introducing the targeted program of 
balance exercises we have reduced the incidence of muscle weakness on average by 30.72% (Fig. 3). 
The results from the final measurements suggest a reduced incidence of weakened muscles. The 
largest decrease of 37.5% was observed in lower shoulder blade fixators. These were followed by 
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abdominal muscles and deep neck flexors, which were observed in 33.4% of the test subjects. In these 
phasal muscles we observed significant reductions at p < 0.01, and in abdominal muscles at p < 0.05. 
We have achieved a 25% lower incidence also in hip joint extensors at a significance level of p < 0.10 
(table 3). 
 Seating was the most frequently incorrect movement pattern in all subjects at 75% dirong the 
initial examinations. The second most frequent incorrect movement pattern was standing on one leg, 
with at least 58.5% of the subjects. When evaluating other movement patterns, i.e. pushups and hip 
joint extensions, we noticed their incidence in 54.2% and 45.8% of the subjects. In the final 
measurements, we have observed a reduction in the occurrence of the above movement patterns by an 
average of 30%. A significant reduction in the incidence, i.e. 41.6%, was observed in standing on one 
leg and pushups (by 37.8%) and hip joint extensions (by 12.5%). In these movement patterns, we 
achieved a significant reduction at p < 0.01. We recorded the reduction of incidence of seating at a 
significance level of p< 0.05 (Table  4). 
 The above mentioned significant changes reached by objective and correlation analysis (chi-
square) are also supported by the Cramer Phí – φc and Cohen – φw (Effect size) test, which assessed 
the results as medium or great Effect size, which means that the results were not affected by statistics 
(table 2-4). 
 When examining the functional muscle disorders in volleyball players, we have seen 
differences even in terms of functional laterality with a right-sided predominance. The most significant 
right-hand predominance was noted in the following shortened muscles: m. pectoralis major 
(pectoralis muscle), m. rectus femoris (rectus muscle of the thigh) m. upper trapezius, m. levator 
scapulae and the incorrect movement patterns in standing on one lower limb with right-sided 
predominance. With the targeted exercise program in place, we observed an improvement by 33% in 
standing on one lower limb, 25% in m. rectus femoris and 8.3% in m. pectoralis major (table 5). 
 
Table 1. Changes in overall muscle imbalance, shortened muscles, weakened muscles, incorrect 
movement patterns in volleyball players 

Changes in functional muscle disorders in volleyball players 
Functional muscle 

disorders 
Shortened 

muscles (%) 
Functional muscle 

disorders (%) 
Shortened 

muscles (%) 
Functional muscle 

disorders (%) 
Initial measurements 100.0 100.0 100.0 100.0 
Final measurements 83.4 83.4 75.0 83.4 

 
Table 2. Changes in the frequency of muscle shortness in volleyball players 

Changes in the frequency of muscle shortness in volleyball players 

Shortened muscles 
Initial 

measurements 
(%) 

Final 
measurements 

(%) 

Chi-
square 

(χ2) 
p-value Level of 

significance 
Effect 
size 

Upper trapezoid muscle  54.2 25.0 0.284 0.5941 p < 0.05 1.486 GE 
M.levator scapulae              54.2 25.0 0.284 0.5941 p < 0.05 1.486 GE 
M.pectoralis major   62.5 45.8 1.343 0.2465  0.709 GE 
M.iliopsoas         33.3 8.3 4.547 0.0330 p < 0.05 1.562 GE 
M.rectus femoris     66.7 20.8 10.243 0.0014 p < 0.01 4.829 GE 
M.tensor fascia latae  25.0 20.8 0.118 0.7312  0.199 GE 
Hip joint abductors          16.7 8.3 0.762 0.3827  0.520 GE 
Flexors of the knee     41.7 8.3 7.111 0.0077 p < 0.01 2.412 GE 
M.quadratus lumborum  45.8 16.7 4.752 0.0293 p < 0.05 1.619 GE 
M.erector spinae   8.3 0 2.087 0.1486  0.917 GE 
M.triceps surae   50.0 16.7 6.000 0.0143 p < 0.05 2.000 GE 
Level of Effect size: Small effect SE, Medium effect ME, Great effect GE 
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Table 3. Changes in the frequency of muscle weakness in volleyball players 
Changes in weakened muscles and muscle groups 

Weakened muscles 
Initial 

measurements 
(%) 

Final 
measurements 

(%) 

Chi-
square 

(χ2) 
p Level of 

significance 
Effect 
size 

Deep neck flexors      41.7 8.3 7.111 0.0077 p < 0.01 2.412 GE 
Abdominal muscles     75.0 41.7 5.486 0.0191 p < 0.05 0.877 GE   
Lower shoulder blade fixators   54.2 16.7 7.378 0.0066 p < 0.01 1.052 GE   
Hip joint extensors    75.0 50.0 3.200 0.0736 p< 0.10 0.644 GE   
Hip joint abductors    25.0 0 6.857 0.0088 p < 0.01 2.309 GE 
Level of Effect size: Small effect SE, Medium effect ME, Great effect GE 
 
Table 4. Changes in incorrect movement patterns in volleyball players 

Changes in movement patterns 

Movement patterns 
Initial 

measurements 
(%) 

Final 
measurements 

(%) 

Chi-
square 

(χ2) 
p Level of 

significance 
Effect 
size 

Hip joint extension 45.8 33.0 0.784 0.3759  0.528 GE 
Hip joint abduction 25 0 6.857 0.0088 p < 0.01 2.309 GE 
Seating 75.0 41.7 5.486 0.0192 p < 0.05 1.835 GE 
Pushup 54.2 16.7 7.378 0.0066 p < 0.01 2.526 GE 
Arm abduction 25.0 16.7 0.505 0.4773  0.346 ME 
Standing on one leg 58.3 16.7 8.889 0.0029 p < 0.01 0.965 GE 
Breathing pattern 41.7 25.0 1.500 0.2207  1.558 GE 
Level of Effect size: Small effect SE, Medium effect ME, Great effect GE 
 
Table 5. Changes in incorrect movement patterns in volleyball players 

Changes in functional muscle disorders in volleyball players 
Functional muscle 

disorders 
m. pectoralis 

major (%) 
upper m. 

trapezius (%) 
m. levator 

scapulae (%) 
m. rectus 

femoris (%) 
Standing on 
one leg (%) 

Initial measurements 33.3 16.7 16.7 33.3 33.3 
Final measurements 25.0 16.7 16.7 8.3 0 

 
DISCUSSION 
  
 In the introductory testing of functional muscular disorders, we noted the incidence of muscle 
imbalances (table 1) in each volleyball player. Our results correspond to the research conducted by 
Majerik [14], who confirmed a 100% incidence of muscle imbalance in students doing performance 
sports observed 56 students from a sports grammar school, 15 to 18 years old. The incidence of 
muscular imbalance in young athletes was in the range of 71% to 100%.  
 Our findings are consistent with the others results who diagnosed a 100% incidence of 
shortened muscles and weakened muscles in the sample of 10 volleyball players aged 15–18 [15]. The 
most commonly occurring shortened muscle was m. rectus femoris (straight muscle of the thigh), 
which was also diagnosed in our research sample as the most frequent one. Our findings correspond to 
the others results who reported m. rectus femoris (straight muscle of the thigh) as the most frequently 
occurring shortened muscle in sportsmen [14,15]. Further, our results are consistent with the 
conclusions of research conducted by researchers who reported a 100% incidence of shortened upper 
trapezius muscle and pectoralis muscle [16]. The results point to a great overload in the area of the 
upper cross syndrome in volleyball players. In their research sample, the 42 volleyball players aged 15 
to 19 had a high incidence (92%) of shortened knee flexors, m. quadratus lumborum as well as m. 
rectus femoris (straight muscle of the thigh) and m. levator scapulae. Also, the comparison of the 
results of various intervention programs on shortened muscles is very interesting. Most authors stress 
the influence of compensatory exercises, which is demonstrated by their research results [17–20]. 
Used motion exercises on unsteady surfaces in 24 young athletes with decimal age of 10.59 [21]. After 
the end of targeted influencing, he noted a significant reduction in the iliopsoas muscle in girls at 
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p<0.01. In boys, he experienced a statistically significant reduction in the incidence of shortening at a 
1% level of significance in m. iliopsoas and at a 5% significance level in m. quadratus lumborum. Our 
results partially coincide with the results of other who noted a significant reduction in the incidence of 
shortening at p<0.01 in iliopsoas muscle and at p<0.05 in knee flexors, m. rectus femoris, straight thigh 
muscle and tensor fasciae latae muscle in 10–11 year old football players [22]. 
 In our initial measurements and analysis of the results of incidence of muscle weakness, we 
found that the highest incidence was noted in abdominal muscles and hip extensors, which was 
diagnosed in 75% of the subjects. These results correspond with the conclusions of other research 
[14–16,23] who state that the extensors of the hip joint and abdominal muscles are the most 
frequently occurring weakened muscles in athletes. In other study reported a 45% incidence of 
weakened hip joint extensors in volleyball players, 30% incidence of weakened abdominal muscles 
and 10% incidence of weakened lower shoulderblade fixators [15]. By comparison, research by 
Voralek et. al. [16] confirms up to a 100% incidence of weakened abdominal muscles and 93% 
incidence of lower shoulderblade fixators in the experimental group of 42 professional volleyball 
players. Our findings partially coincide with the results of Trudic [24], who also used unsteady 
surfaces to influence the muscle imbalance in 64 girls with an average age of 12.6 years. After a three 
month long fitball exercise, this author managed to achieve a significant reduction in the incidence of 
weakening at p<0.05) in four out of five investigated muscles and muscle groups – deep neck flexors, 
abdominal muscles, hip joint extensors and lower shoulderblade fixators. 
 Our results are supported by the findings of other [17] who found that seating was the most 
frequent incorrect movement pattern in young tennis players in both sexes. Of the individual types of 
muscle imbalance, the adjustment of incorrect movement patterns takes the longest time – eventually 
a whole year. Often, the adjustment of an incorrect movement pattern cannot be achieved [25-28]. In 
accordance with Malatova et. al. [1], we consider it crucial especially in young athletes to determine 
the optimal programming of motion, pay attention to the correct implementation of individual simple 
movements, diagnose incorrect movement patterns and try to rectify them. 
 We noted the differences with right-sided predominance in volleyball players in the 
assessment of muscle imbalance in terms of functional laterality. Our findings correspond to the 
results of manual testing conducted by Voralek et. al. [29], which show that a functional disorder of the 
dominant upper limb is quite common in volleyball players. In their sample, 8 players out of 10 
checked out positive. The results are justified by an increased unilateral load on the spiker arm, which 
is periodically overloaded due to the player’s role (especially in spikers), deployment in league games, 
and sports performance. In just a few months without adequate load balancing and comprehensive 
compensation, these factors contribute to the distortion of the musculoskeletal system of the 
dominant arm.  
 The results of a gradual single-group experiment point to the possibility of using the balance 
exercises in sports training of young volleyball players, which can reduce the progression of shortened 
muscles, weakened muscles and incorrect movement patterns [30,31]. 
 
CONCLUSION 
 
 In the initial examination, we diagnosed the functional muscle disorders in 12 volleyball 
players, which included shortened muscles, weakened muscles and incorrect movement patterns. As a 
result of our experimental procedure, we reduced their occurrence by 16.6% to 25%. The most 
significant reduction of muscle shortening in the final measurements was observed in the straight 
muscle of the thigh by 45.9%, in flexors by 33.4% at the p<0.01 level of significance and in quadratus 
lumborum by 29.1% at p<0.05. The most frequent weakened muscles were the abdominal muscles 
and hip joint extensors, especially m. gluteus maximus (big sitting muscle). After introducing the 
motion program with balance exercises into the training unit, we observed a reduction of incidence of 
weakening in abdominal muscles by 33% at a p<0.05 level of significance and in hip joint extensors at 
a p<0.10 level of significance. In professional performance volleyball, we often note a one-sided 
overloading of certain muscle groups. Our results point to the possibility of a targeted use of balance 
exercises in the process of sports training as a suitable complement to the excessive and one-sided 
physical load, which lowers the incidence of functional muscle disorders in volleyball players. We 
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recommend a continuous monitoring of the muscles and their involvement in the basic movement 
patterns and intentionally influence them. The balance exercises should be adapted to the load and 
intensity of sports training. 
 
ACKNOWLEDGMENTS 
 
 The paper is based on support of the grant role of MS VVS SR – VEGA No.1/0410/17 entitled 
"Changes in the level of muscle imbalances, body posture and flexibility in athletes". 
 
REFERENCES 
 

1. Malatova R, Matejkova V. Svalová dysbalance vyskytující se u futbalistů a možnosti jejich kompenzace. In 
Studia Kinanthropologica. České Budejovice: JU; 2011;35-39. [in Slovak] 

2. Bursova M, Cepicka L, Votik J. Qualitative Analysis of Fundamental Motor Stereotypes and Muscular 
Imbalance of Sport Talented Youth Oriented to Soccer. Proceedings 2nd International Conference 
„Movement and Health“ 15.-18.9. 2001.  Olomouc: Palacký University, Fac. of Phys. Culture; 2001;114-
117.  

3. Izraelski  J, Assessment  and  treatment  of  muscle  imbalance:  The  Janda approach. J Can Chiropract 
Ass. 2012;56(2):158-158. 

4. Kolar P. et al. Rehabilitace v klinické praxi. Praha: Galén; 2009. [in Czech] 
5. Kracmar B. Kineziologická analýza sportovního pohybu. Praha: Triton; 2002. [in Czech] 
6. Buchtel J, Ejem M, Voralek R. Trénink volejbalu. Praha: Karolinum; 2011. [in Czech] 
7. Costa PB, Herda TJ, Herda AA, Cramer JT. Effects of Dynamic Stretching on Strength, Muscle Imbalance, 

and Muscle Activation. In Medicine & Science in Sports & Exercise; 2014. 
8. Janda V. Základy kliniky funkčních (neparetických) hybných porúch. Brno; 1982. [in Czech] 
9. Thurzova E. Svalová nerovnováha. In: Labudova J, Thurzova E. Teória a didaktika telesnej výchovy 

oslabených (vybrané kapitoly). Bratislava: FTVŠ UK; 1992;7-46. [in Slovak] 
10. Kanasova J. Vývinové zmeny funkčných porúch pohybového systému 11 až 15 – ročných žiakov a 

možnosti ich ovplyvnenia. Nitra: PF UKF v Nitre; 2015. [in Slovak] 
11. Jarkovska H. Cvičení na velkém míči. Praha: Grada Publishing; 2007. [in Czech] 
12. Bendikova, E. Overball na hodinách školskej telesnej výchovy. In Telesná výchova a šport. 2009;19(1):7-

9. [in Slovak] 
13. Fan X. Statistical signifikance and effect size in education research: Two sides of a coin. The Journal of 

Educational Research. 2001;94(5):275-282. 
14. Majerik J. Svalová nerovnováha a držanie tela 16 až 17 ročných gymnazistov z hľadiska športovania. In 

Telesná výchova a šport. 2009;19(1):14-18. [in Slovak] 
15. Kanasova J. Funkčné svalové poruchy u atlétov, tenistov, plavcov, hokejistov, volejbalistiek a moderných 

gymnastiek OŠG v Nitre. In: Atletika: elektronický sborník medzinárodní konference. Praha: UKF; 2005. 
[in Slovak] 

16. Voralek R, Suss V, Parkanova M. Poruchy pohybového aparátu a svalové dysbalance u hráček volejbalu 
ve věku 15-19 let. In Rehabilitácia. 2007;44(1):14-20. [in Czech] 

17. Dlhos, M. Dynamika funkčných svalových zmien u mladých tenistov. In: Rehabilitace a fyzikální lékařství. 
2005;12(2):81-85. [in Slovakia] 

18. Bendikova E, Stacho K. Vplyv kompenzačných cvičení na zmeny funkčnosti posturálnych svalov u žiakov 
II. stupňa ZŠ. In Studia Kinanthropologica. České Budějovice: Jihočeská univerzita v českých 
Budějovicích. 2011;12(1):13-21. [in Slovakia] 

19. Kanasova J, Simoncicova L,  Halmova N, Czakova N, Vasilovský I, Krcmar M. Developmental changes of 
functional disorders of motor system of pupils and possibilities of their remedy. Sport Science, 
2015;8(2):88‐92.  

20. Bendikova E et al. The Influence of exercise program on the muscular system of female pupils in the 
lessons of physical education and sport. Sport Science, 2015;8(2):70-75.  

21. Vasilovsky I, Kanasova J, Simoncicova L, Krcmar M. Vplyv kompenzačných cvičení na funkčný stav 
pohybového systému u školskej populácie. In: Šport a rekreácia 2015: Zborník vedeckých prác. Nitra: 
UKF,  2015;93-100. [in Slovakia] 

22. Kanasova J, Simoncicova L. Ovplyvňovanie skrátených svalov kompenzačnými cvičeniami u mladých 
futbalistov. Pohyb a kvalita života 2015. Nitra: PF UKF; 2015. [in Slovak] 

23. Simoncicova L, Kanasova J. Comparison of Muscule Imbalance in students 3rd year at CPU. In Physical 



Physical Activity Review vol. 7, 2019 www.physactiv.eu 
  

_____________________________________________________________________________________ 
159 

 

Activity Review: International Scientific Journal. 2014;2(1):55-64.  
24. Trudic T. Frekvencia výskytu skrátených svalov u dievčat II. stupňa ZŠ v Banskej Bystrici. In „Telesná 

výchova a šport – prostriedok vytvárania vzťahu mladej generácie k pohybu a športu“. Zvolen: 
Technická univerzita, Ústav telesnej výchovy a športu. 2012;148-156.  [in Slovak] 

25. Kanasova J. Shortened muscles and ways of their influencing in 10-12- year-old boys during physical 
education lessons. Journal of the Coimbra Network of Exercise Sciences. 2010;4(5):18-25. 

26. Carneiro NH, Ribeiro AS, Nascimento MA, Gobbo LA, Schoenfeld BJ, Achour Júnior A, Gobbi S, Oliveira AR, 
Cyrino ES. Effects of different resistance training frequencies on flexibility in older women. In Clin Interv 
Aging. 2015;10:531-8. doi:10.2147/CIA.S77433 

27. Wasik J, Ortenburger D, Gora T. The kinematic effects of taekwondo strokes in various conditions the 
outside environment. Interpretation in the psychological aspect and perspective of application in sport, 
health-related training and survival abilities. Archives of Budo 2016; 12: 287–292. 

28. Wasik J, Ortenburger D, Góra T, et al. The influence of gender, dominant lower limb and type of target on 
the velocity of taekwon-do front kick. Acta of Bioengineering and Biomechanics 2018; 20: 133–138. Doi: 
10.5277/ABB-01085-2018-02 

29. Voralek R, Suss V, Tichý M. Kloubní výšetření mladých hráček volejbalu. In Rehabilitácia. 
2006;43(3):139-147. [in Czech] 

30. Zukowska H., Szark M. Sprawność fizyczna jako przejaw zdrowia pozytywnego. In Health aspects of 
physical activity, (red.) Łuczak J., Bronowicki S., Wielkopolska Wyższa Szkoła Turystyki i Zarządzania w 
Poznaniu. 2010;613-624.  

31. Lubkowska W, Troszczynski J. Próba weryfikacji aktywności ruchowej jako kryterium oceny postawy 
ciała dziewcząt i chłopców w wieku 7-15 lat. Zeszyty Naukowe. 2011;631(27):27-40. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  


