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ABSTRACT

Overweight and obese children often suffer for many physiological and psychological is-
sues. Resistance training allows them to excel over their peers due to strength ability which
is related to their somatotype. The aim of this study was to examine the effect of an eight-
week resistance training program on body composition in overweight and obese children.
Study sample included 8 boys and 4 girls (age = 11.7 £ 1.54) who were involved in an
eight-week strength specifically designed program consisted of two strength training unit
per week. Resistance of exercise was set on 8—-10 RM. Body composition were measured
by InBody 720 two times before and after the training intervention. The Wilcoxon matched
pairs test was used. Results showed increase in total body weight (2.7%), lean body mass
(2.5%) and fat mass (3.7%). This effect indicates that used resistance training program is
sufficient to lean body mass grow. Nevertheless, program proved to be inadequate to avoid
an increase in fat mass. This could be caused by many factors which should be consider in
further research (e.g. longer technique practice, diet, number of training units).
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Introduction

Previous research has established that child obesity is a growing problem that is becoming global.
According to Lobstein, Baur and Uauy (2004), there is an increase in childhood obesity annually
by 0.5% in Brazil and the US, while in Europe, Canada, and Australia, this is up to 1% annually.
This rapid increase in the incidence of childhood obesity in a relatively stable population, sug-
gests that genetic predisposition will not be its primary cause. For instance, in Australia, 20-25%
of children aged 2—-18 are overweight or obese, and there are 22 million children with the same
issue under the age of five worldwide Dias et al. (2015). Lobstein et al. (2004) maintain that it is
not yet possible to estimate the extent of the burden on health services that the ever-increasing
proportion of obese children will bring in the future. In addition to current problems, typical obese
children are more prone to illnesses such as hyperinsulinemia, decreased glucose tolerance,
increased risk of type 2 diabetes, hypertension, sleep apnoea, social exclusion, and depression.
The increased incidence of childhood obesity will bring a significant increase in health problems
to the future generation of adults. There is a risk of widespread heart disease, diabetes, some
types of cancers, gallbladder disease, osteoarthritis, endocrine disorders, and other obesity-relat-
ed conditions. Schonfeld-Warden & Warden (1997) states, that up to 80% of people with obesity in
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childhood are obese even in adulthood. In the industrialized countries, the most vulnerable group
is children from low-income families, where the possibilities of physical activity and good eating
habits are limited (Lobstein et al., 2004).

Children suffering from obesity are often encouraged to do aerobic activities. Commonly recom-
mended activities for these children include; walking, jogging, skating, cycling, or dancing, 3-5 times
a week with the medium to sub-maximum intensity and duration more than 1 hour (Daniels et al.,
2005). However, the success of aerobic programs is very low. Overweight or obese children rarely
achieve success compared to other ones, and exercise is often very difficult for them. As a combina-
tion of these two factors produce insufficient positive psychological or physiological effect of physical
activity, they frequently lose interest in it (Schranz et al., 2013; Smith et al., 2014).

Resistance training seems to be an activity that gives these children a certain advantage over other
children in terms of the possibility of success. Children who are overweight or obese have greater
body weight and muscle mass and therefore greater strength. As a result, they can experience more
success during exercise and perform better than other children (McGuigan et al., 2009).

The benefits of strength training for overweight and obese children include the development of mus-
cle strength and endurance, and an increase in bone density and active muscle mass leading to
positive change in body composition and improvements in blood lipid profile and a decrease in blood
pressure (Kim, 2010; Lee et al., 2012; McGuigan et al., 2009; Shaibi et al., 2006). Resistance train-
ing positively affects the children’s psyche and mental health of athletes, increases their self-confi-
dence and self-efficacy and improves body image (Council on Sports Medicine and Fitness, 2008;
McGuigan et al., 2009; Schranz et al., 2013).

Despite the growing popularity of strength training and the increasing number of studies recom-
mending this type of training for overweight and obese children, only a few of them deal with the
effect of strength training on body composition (several studies investigated combination of strength
training with aerobic intervention or diet modification ((Dietz et al., 2012; Schranz et al., 2013)). The
purpose of this study is to determine the efficacy of an 8-week resistance training program using
multiple-joint exercises on body composition in children who were overweight and obese.

Methods

Twelve overweight and obese children (4 girls and 8 boys) in age on pre-measurement day = 11.7
t+ 1.54 years were involved in this study. Anthropometric values were recorded during the initial
measurement (mean body weight = 68.1 £ 20.7, mean body height = 156.0 + 12.2 and mean BMI
index = 27.5 £ 5.5). There were no limitations in physical activity for health reasons for any of the
children. The influence of eight-week strength training was evaluated in this study. Strength training
took place two times per week (always the second and fourth day of the week) at the same time in
the afternoon. Each training session consisted of 10 minutes general warm-up, 3 sets of 8RM (ex-
cepted abdominal muscles exercise) and 10 minutes of cool down and final evaluation. The exercise
training program was in circuit style and included squat, bench press, sit-up, pull-down, leg press
and exercises for core strength and stability. One training session lasted 60 minutes.

Introductory training preceded resistance training for four weeks (two sessions per week). During
this time, all subjects were taught the proper technique and maximum strength testing. (maximum
strength testing were according 1-RM protocol excepted bench press and leg press. There were
used testing on level 5-RM according to the same protocol and 1-RM were determined by calcula-
tion for safety reasons). Anthropometric and body composition measures (InBody 720) were done
before and after the eight-week strength session. There were two measures for one week in the
same time period. Mean values were used for results interpretation.

438



Maximum strength testing

All subjects completed 4 weeks of proper technique training. Maximum strength was tested accord-
ing to the 1-RM protocol, where the correct technique is a necessary prerequisite for carrying out
the test. The 1-RM value was recorded the resistance where children could be able to do throughout
the full range of motion and with the correct technique just once. They started with 10 minutes of
general warm-up, followed two series with 10 repetitions with 50% of the expected maximum. Final-
ly, a series of single repetitions with increasing loads were done. In case that weight was lifted with
proper technique, in full range of motion and disruption of tempo the weight was increased by ap-
proximately 0.5-2.3 kg followed by 2 minutes of rest. This was followed by another series of single
repetition until the child was no longer able to meet all the criteria. Strength testing was supervised
by a specialist instructor, with the instructor to subject ratio 1:1. Communication was positive, and
the resistance was added based on the individual feeling of the children without external pressure.
The children themselves determined whether they were able to increase the resistance (Faigen-
baum, Milliken, & Westcott, 2003).

Statistical Analyses

Statistical analyses were performed using SPSS software (IBM SPSS Statistics 25 for Windows;
SPSS, Inc., Chicago, IL). Data did not come from a normal distribution. The Wilcoxon Signed Ranks
Test was used for evaluating the effects of the intervention. The criterion alpha level for significance
was set at p < 0.05. Pre and post values were evaluated also by percentage evaluation and graph-
ical method due to the small number of cases.

Results

12 overweight and obese children (4 girls and 8 boys) were involved in eight weeks of strength train-
ing sessions. Anthropometric values and body composition by InBody 720 were measured two times
before (pre-value) and after (post-value) intervention. The mean values from both measurements
are in table 1, for the whole sample, girls and boys separately.

Table 1 Pre and post intervention means £SD

Mean % . . Lean body
SD Age Height (cm) Weight (kg) mass (kg) Fat mass (kg) BMI
pre pre post pre post pre post pre post pre post
Total 1M7+16 156.0 £ 156.3+ | 681+ | 699+ |218+|224 +| 278+ | 288+ |27.5+ (282
(n=12) T 12.2 121 20.7 21.9 5.7 6.1 12.4 12.9 5.5 6.7
Girls 103+ 1.4 148.3 + 1485+ | 618+ | 629+ | 186+ 188 +| 275+ | 282+ |27.7+ 283 %
(n=4) D 11.8 114 16.9 4.1 4.1 4.1 10.7 10.6 54 5.2
Boys 125412 159.9 + 160.3+ | 713+ | 219+ |235+|243 +| 280+ | 29.0+| 274+ 281
(n=8) T 11.1 1.1 22.8 5.1 59 6.3 13.9 14.6 5.9 6.2

There was an increase for the whole sample for body weight 2.7 % (p = 0.005), for lean body mass
2.5% (p = 0.004) but also for body fat 3.7% (p = 0.013) and for BMI 2.5% (p = 0.005). If the girls
and boys were explored separately the trend remained the same but its power was different. More
obvious changes were observed in boys. Body weight increased about 2.9 % (p = 0.017), lean body
mass about 3.2% (p = 0.012) but also there was enhancement of bodyfat about 4.3% (p=0.05) and
BMI about 2.7% (p = 0.017). An increase in girls was found by 2.0%, p = 0.15; 2.1%, p = 0.19; 2.6%,
p =0.19 and 2.0%, p = 0.14 for body weight, lean body mass, body fat and BMI, respectively. The
changes in the body proportion components are visible in figure 1-4.
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Total body weight (kg) Lean body mass (kg)

75 30
25
70
20
65 15
10
60
5
55 0
Total Girls Boys Total Girls Boys
M pre-values M post-values M pre-values M post-values
Figure 1 Changes in total body weight Figure 2 Changes in lean body mass
Bodyfat (kg) BMI
29,5 28,5
29
28
28,5
28 27,5
27,5 57
26,5 26,5
Total Girls Boys Total Girls Boys
M pre-values M post-values M pre-values M post-values
Figure 3 Changes in bodyfat Figure 4 Changes in BMI
Discussion

The results suggest that strength training can significantly affect muscle mass in overweight and
obese children. The positive effect was detected in both girls and boys, but more significantly in
boys. This difference corroborates with earlier findings which showed that the effect is smaller in
samples consist of girls only or children of prepubescent age (Shaibi et al., 2006). There was an
increase of 2.5% for the whole group and 3.2% and 2.1% for boys and girls in our study. These
results correspond to a previous study which showed an increase of 2.4% in mixed group (Yu et al.,
2005). Active muscle mass growth can be beneficial for children who are overweight and obese due
to increased basal metabolism affecting all-day energy expenditure.
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Along with the increase in muscle mass, an increase in muscle strength is often described (Faigen-
baum et al., 2003). In many cases it is not associated with muscle hypertrophy (lack of circulating
androgens in pre-pubertal children), but with neuromuscular adaptation (especially increased motor
unit activation, improved motor skills, and development of intra-muscular and inter-muscular coor-
dination). According to Guy and Micheli (2001), the increase in strength due to these aspects is de-
scribed in children up to several tens of percent after 8—10 weeks of strength training. We assume,
that because of the great improvement in strength caused by neuromuscular adaptation, insufficient
stimulation may occur during the intervention. The resistance was set to 8RM in our study. The
1RM was tested for each child and 8 training units (60 min) focused on the development of correct
technique preceded resistance training. Despite that, most children have to increase their resistance
after 3—4 weeks of research to meet 8RM. The average of such an increase ranged from 15-25%
depending on the exercise (more distinctly for lower limbs). The validity and reliability of the 1RM
test in this group of children may also be a possible cause. Although the Test-retest reliability after
six weeks for the group of 32 girls and 64 boys between 6.2 and 12.3 years reached 0.93-0.98
(Faigenbaum et al., 2003). But it is possible that children who are overweight or obese may have
a reduced degree of frustration tolerance because of their lack of experience with physical activity.
This may affect the ability of children to perform the test to the maximum.

BMI and body weight raised for both boys (BMI = 2.7%; BW = 2,7%) and girls (BMI = 2%; BW = 2%).
Aside from the increase of muscle mass, the body fat grew too (the whole sample by 3.7%, boys by
4.3% and girls by 2.6%). This result is uncommon as the changes in BMI and body fat are usually
described as small (e.g. Yu et al., 2005). Also, review results Schranz et al. (2013) show that strength
training has a small effect on body composition and fat loss, but a high effect on muscle strength. In
contrast, McGuigan et al. (2009) reported that due to an 8-week strength training with a resistance
level of 10—15 RM, some children lost about 7% of their fat mass. Lee et al. (2012) describe the loss in
mean body fat of 3.5% in 45 obese boys as a result of three months of resistance training (8—12RM). It
could be explained by using design with 3 training units per week or the fact that we decided to include
abdominal muscle and core exercise with the absence of external resistance. While the lean body
mass in our developed in all children (range 2.7—4.7%) except for one girl, the body fat changes were
more variable. Three children experienced a decrease of 3.6-0.5%, six children had an increase of
0.7-4.5% and three children had an increase of 7.0-15.5%. This discrepancy between studies could
point to the insufficiency of two training units per week. What more McGuigan et al. (2009) tested 8
exercises in three series with resistance size 8—15RM.

Sufficiency of using BMI evaluation for the resistance training intervention is questionable. Changes
in body components are often not reflected in the BMI (McGuigan et al., 2009). We use InBody 720
to better assess the changes in the ratio of the individual body components. Notwithstanding that
the measurement of bioimpedance analysis was held at the same time of the day, the condition was
not all the same as the children were not on an empty stomach. We reduced this limitation by the
doubled measurement and using average. Despite this, some values could be affected by food in-
take before the test. McGuigan et al. (2009) believe that Dual-energy X-ray absorptiometry appears
to be the most reliable and valid method for measuring body composition changes. Absence of the
control group did not allow to fully separate the effect of the intervention from the ontogenic body
development. An additional uncontrolled factor is increase in strength during the intervention due to
concerns with maximal strength testing for free-weight exercises in this population.

Conclusion

At the practical application level, we can say that short-term resistance training can significantly im-
prove lean body mass in children who are overweight and obese. This type of training is well accept-
ed by children and it seems they enjoy it. Regarding the effectiveness of strength sessions for body
fat loss, training two times per week appear to be inadequate. However, this is difficult to evaluate.
There are not many studies that use strength training twice per week or compare the efficiency of
a different number of training sessions per week. Also, maximum strength testing and exercise re-
sistance estimating seems to be problematic in this group of children. Future research should focus
on finding the most appropriate strength training design to reduce children’s overweight and obesity.

441



References

Council on Sports Medicine and Fitness. (2008). Strength Training by Children and Adolescents.
PEDIATRICS, 121(4), 835—-840. https://doi.org/10.1542/peds.2007-3790

Daniels, S. R., Arnett, D. K., Eckel, R. H., Gidding, S. S., Hayman, L. L., Kumanyika, S., Robinson,
T. N., Scott, B. J., St. Jeor, S., & Williams, C. L. (2005). Overweight in Children and Adolescents:
Pathophysiology, Consequences, Prevention, and Treatment. Circulation, 111(15), 1999-2012.
https://doi.org/10.1161/01.CIR.0000161369.71722.10

Dias, |., Farinatti, P., De Souza, M. D. G. C., Manhanini, D. P., Balthazar, E., Dantas, D. L. S., De
Andrade Pinto, E. H., Bouskela, E., & Kraemer-Aguiar, L. G. (2015). Effects of Resistance Training
on Obese Adolescents: Medicine & Science in Sports & Exercise, 47(12), 2636—2644. https://doi.
org/10.1249/MSS.0000000000000705

Dietz, P., Hoffmann, S., Lachtermann, E., & Simon, P. (2012). Influence of Exclusive Resistance
Training on Body Composition and Cardiovascular Risk Factors in Overweight or Obese Children:
A Systematic Review. Obesity Facts, 5(4), 546—-560. https://doi.org/10.1159/000341560

Faigenbaum, A. D., Milliken, L. A., & Westcott, W. L. (2003). Maximal Strength Testing in
Healthy Children. The Journal of Strength and Conditioning Research, 17(1), 162. https://doi.
org/10.1519/1533-4287(2003)017<0162:MSTIHC>2.0.CO;2

Guy, J. A., & Micheli, L. J. (2001). Strength Training for Children and Adolescents. 9(1), 29-36.
Kim, Y.-M. (2010). Role of regular exercise in the treatment of abdominal obesity in adolescent boys.

Lee, S., Bacha, F., Hannon, T., Kuk, J. L., Boesch, C., & Arslanian, S. (2012). Effects of Aerobic
Versus Resistance Exercise Without Caloric Restriction on Abdominal Fat, Intrahepatic Lipid, and
Insulin Sensitivity in Obese Adolescent Boys: A Randomized, Controlled Trial. Diabetes, 61(11),
2787-2795. https://doi.org/10.2337/db12-0214

Lobstein, T., Baur, L., & Uauy, R. (2004). Obesity in children and young people: A crisis in public
health. Obesity Reviews, 5(s1), 4—85. https://doi.org/10.1111/j.1467-789X.2004.00133.x

McGuigan, M. R., Tatasciore, M., Newton, R. U., & Pettigrew, S. (2009). Eight Weeks of Resistance
Training Can Significantly Alter Body Compositionin Children Who Are Overweightor Obese: Journal of
Strength and Conditioning Research, 23(1), 80—-85. https://doi.org/10.1519/JSC.0b013e3181876a56

Schonfeld-Warden, N., & Warden, C. H. (1997). PEDIATRIC OBESITY. Pediatric Clinics of North
America, 44(2), 339-361. https://doi.org/10.1016/S0031-3955(05)70480-6

Schranz, N., Tomkinson, G., & Olds, T. (2013). What is the Effect of Resistance Training on the
Strength, Body Composition and Psychosocial Status of Overweight and Obese Children and
Adolescents? A Systematic Review and Meta-Analysis. Sports Medicine, 43(9), 893—-907. https://
doi.org/10.1007/s40279-013-0062-9

Shaibi, G. Q., Cruz, M. L., Ball, G. D. C., Weigensberg, M. J., Salem, G. J., Crespo, N. C., & Goran,
M. I. (2006). Effects of Resistance Training on Insulin Sensitivity in Overweight Latino Adolescent
Males: Medicine & Science in Sports & Exercise, 38(7), 1208—1215. https://doi.org/10.1249/01.
mss.0000227304.88406.0f

Smith, J. J., Eather, N., Morgan, P. J., Plotnikoff, R. C., Faigenbaum, A. D., & Lubans, D. R. (2014).
The Health Benefits of Muscular Fitness for Children and Adolescents: A Systematic Review and
Meta-Analysis. Sports Medicine, 44(9), 1209—1223. https://doi.org/10.1007/s40279-014-0196-4

442



Yu,C.C. W, Sung, R. Y. T, So, R. C. H,, Lui, K.-C., Lau, W., Lam, P. K. W,, & Lau, E. M. C. (2005).
Effects of Strength Training on Body Composition and Bone Mineral Content in Children Who Are
Obese. The Journal of Strength and Conditioning Research, 19(3), 667.
https://doi.org/10.1519/14994.1

443



	_Hlk17223411
	_Hlk14251793
	_Hlk16693003
	_Hlk17894766
	_Hlk14429885
	_Hlk14430605
	_GoBack
	_GoBack
	_GoBack
	_Hlk5996110
	OLE_LINK1
	OLE_LINK2
	_GoBack
	_GoBack
	_Hlk12269279
	_Hlk11145247
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_Hlk12377845
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	ZOTERO_BREF_m6YMpkmY3I8D
	ZOTERO_BREF_AgYm0OhnXp8V
	ZOTERO_BREF_Fj1Z8arX3Czo
	ZOTERO_BREF_eq4pDFVqSm4N
	ZOTERO_BREF_eJY0j5y04oho
	ZOTERO_BREF_vyQuH0ilcwgE
	ZOTERO_BREF_OLg7QCRV0sMz
	ZOTERO_BREF_5IHrusAkWXtG
	ZOTERO_BREF_5doCZhdBfZMK
	ZOTERO_BREF_qXnDJZSCLt1h
	ZOTERO_BREF_728drObmDd90
	ZOTERO_BREF_4edgacqVYnsg
	ZOTERO_BREF_7YYnZLiZhLpn
	ZOTERO_BREF_6ZUOCZoYUlkx
	ZOTERO_BREF_XUJo9vDX3A2d
	ZOTERO_BREF_x90uj3N6mkqj
	ZOTERO_BREF_VruRbFVqoZbC
	ZOTERO_BREF_CbajS3D72CA9
	ZOTERO_BREF_nh5zR0qxaNI4
	ZOTERO_BREF_Dos97szHXYeK
	ZOTERO_BREF_dOvWemsSRh2y
	ZOTERO_BREF_FwTPCH6pDMmS
	ZOTERO_BREF_cOyuPfKxKgUQ
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_Hlk36546879
	_GoBack1
	_heading=h.gjdgxs
	_GoBack
	_GoBack
	_Hlk19711757
	_GoBack
	_GoBack
	_Ref36276843
	_Ref36278837
	_Ref36030109
	_Ref36030192
	_Ref36030274
	_Hlk36385462
	_Hlk36385438
	citation
	_Hlk36385410
	_Hlk9145897
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_gjdgxs
	_Hlk38884512
	_30j0zll
	_1fob9te
	_GoBack
	_3znysh7
	_GoBack
	_GoBack
	OLE_LINK1
	_3znysh7
	_2et92p0
	_4d34og8
	_2s8eyo1
	_17dp8vu
	_3rdcrjn
	_26in1rg
	_lnxbz9
	_35nkun2
	_Hlk12348203
	_GoBack
	_GoBack
	ANALYSIS OF HUMAN MOVEMENT
	Comparison of FMS tests between female and male volleyball with possible implications on volleyball performance
	Maja Ban1, Tomislav Đurković2, Nenad Marelić2 

	Specificity of the anthropometric characteristics and fitness abilities of male volleyball players
	Tomislav Đurković1, Nenad Marelić1, Robert Zekić2

	Determination of lower limbs loading during balance beam exercise
	Petr Hedbávný, Miriam Kalichová, Michal Rabenseifner, Adam Borek

	The effect of classical ballet, Slovakian folklore dance and sport dance on static postural control in female and male dancers
	Marta Gimunová, Tomáš Vodička, Kristián Jánsky, Miriam Kalichová, Antonín Zderčík, Alena Skotáková, Petr Hedbávný, Kateřina Kolářová 

	The application of fuzzy logic in the diagnostics of performance preconditions in tennis  
	Antonín Zderčík1, Jiří Nykodým1, Jana Talašová2, Pavel Holeček2, Michal Bozděch1

	DIFFERENCES IN SELF-ASSESSMENT OF PREPAREDNESS OF WRESTLERS BEFORE COMPETITION
	Kristijan Slačanac1, Nenad Žugaj2

	THE EFFECTS OF COMMERCIALLY AVAILABLE ENERGY DRINK ON COGNITIVE PERFORMANCE 
	Michal Kumstát1, Martin Sebera1 Michal Vičar2 

	HIERARCHICAL CLASSIFICATION OF EXPERT MODELS OF EXERCISES DESIGNED TO ELIMINATE SPECIFIC MISTAKES OCCURRING IN SHORT SKI TURN 
	Danijela Kuna1, Matej Babić1, Mateja Očić2

	Basic motor competencies in the 1st and 2nd grade elementary school children in Slovakia
	Peter Mačura1, Anna Blahutová1,2, Andrej Hubinák1, Ján Koštial1, Peter Krška1, Nadežda Novotná3, Jaromír Sedláček4,1, Mária Hulinková1

	Differences in the level of body equilibrium by sex in early school-age children
	Sanja Ljubičić,  Ljubomir Antekolović, Vedran Dukarić


	Sport training, nutrition and regeneration
	INTENSITY OF SOCCER PLAYERS´ TRAINING LOAD IN SMALL–SIDED GAMES WITH DIFFERENT RULE MODIFICATIONS
	Nikolas Nagy, Miroslav Holienka, Matej Babic

	Influence of the intervention program according to Pulmonary Rehabilitation principles on breathing functions of healthy individuals 
	Renáta Malátová, Petr Bahenský, Martin Mareš, David Marko

	Reliability and validity of the newly developed tests of football specific change of direction speed and reactive agility in youth players
	Nikola Foretic1, Barbara Gilic1, 2, Damir Sekulic1

	Vitamin D status among youth soccer players; association with chronological age, maturity status, jumping and sprinting performance
	Ivan Peric1, Barbara Gilic2, 3, Mateo Blazevic2 

	THE IMPACT OF CORE EXERCISE AND MYOFASCIAL RELEASE IN THE INITIAL PART OF TRAINING ON THE PERFORMANCE AND PREVENTION OF INJURIES IN FOOTBAL PLAYERS
	Patrik Beňuš1,2, David Líška1, Daniel Gurín1, Martin Pupiš3, Zuzana Pupišová3

	Breathing pattern during load and its change due to the interventional program of breathing exercise
	Petr Bahenský, Tomáš Hermann, Renata Malátová

	Comparison of results of spiroergometry on running and bicycle ergometer of athletes with running and cycling specialization
	David Marko

	Predicting futsal specific change of direction speed and reactive agility; analysis of specific correlates in top-level players
	Ivan Zeljko1, Miodrag Spasic2, Damir Sekulic2

	Match running performance in relation to a playing position in Croatian Football League
	Toni Modrić1, Šime Veršić1,2, Nikola Foretić2

	Effects of immediate mechanotherapy and intermittent contrast water immersion on subsequent cycling performance
	Ivan Struhár, Michal Kumstát, Kateřina Kapounková, Klára Šoltés Mertová, Iva Hrnčiříková

	MONITORING HEART RATE VARIABILITY AS A BIOMARKER OF FATIGUE IN YOUNG ATHLETES 
	Martina Bernaciková, Jakub Mazúr, Martin Sebera, Petr Hedbávný

	INTERNAL LOAD OF SOCCER GOALKEEPERS DURING A TRAINING PROCESS
	Matej Babic, Miroslav Holienka, Nikolas Nagy

	Eccentric Contractions in the Rehabilitation of Lateral Elbow Tendinopathy: literature review
	Grgur Kovačić, Josipa Antekolović, Ljubomir Antekolović 


	Sport and social sciences
	DEVELOPMENT OF EMOTIONAL SKILLS AMONG 15–16-YEAR-OLD ADOLESCENTS IN PHYSICAL EDUCATION CLASSES
	Arturas Akelaitis 

	Chosen Problems of Physical Education in the Czech Republic
	Kamil Kotlík

	Sport participation should not be observed as protective against smoking and drinking in adolescence; cross-sectional cluster-based analysis in Croatian southern regions
	Ela Filipovic, Nikolina Catlak, Natasa Zenic,

	Effectiveness of manual yumeiho therapy and exercise on depression and neuropathic pain in patients suffering from chronic nonspecific low back pain
	Neven Gladović, Luka Leško, Martina Fudurić

	Relationships between physical activity, motor performance and body composition in school-age children
	Pavol Čech, Pavel Ružbarský

	Parents and their Children’s Sports
	Aleš Sekot

	Doping knowledge and doping attitudes in competitive bodybuilding
	Dora Marić1,2, Šime Veršić2, Šimun Vasilj2

	The Relative Age Effect in the Top 100 ATP Tennis Players 2016–2018
	Michal Bozděch1, Adrián Agricola2, Jiří Nykodým1, Antonín Zderčík1, Tomáš Vodička1

	The influence of the main financial resources of non-profit sport organisations on their strategy
	Martina Honcová

	Boom of road races in the Czech Republic – sport for all or luxury amusement?
	Irena Slepičková, Pavel Slepička

	The Relative Age Effect in Top100 Female Tennis Players (2014–2018)
	Adrián Agricola1, Michal Bozděch2, Martin Zvonař2, Jiří Zháněl2

	Analysis of Masaryk University students’ interest in sports courses in mandatory physical education
	Radka Střeštíková, Zora Svobodová

	Opinions Of Teachers On Teaching Gymnastics In Banská Bystrica
	Juraj Kremnický 


	Active ageing and sarcopenia
	VITICULTURE AS THE OPTIONAL PHYSICAL ACTIVITY FOR ELDERLY
	Tomáš Vespalec1, Petr Scholz2

	ATTITUDE TOWARDS PHYSICAL ACTIVITIES IN A GROUP OF PREGNANT WOMEN
	Jana Juříková

	Determinants of changes in physical activity levels in late adolescence; prospective analysis in urban communities 
	Natasa Zenic 1, Admir Terzic 2, Ivan Kvesic 3

	The impact of different types of physical activity on walking as a vital everyday movement in older adults
	Lenka Svobodová, Martin Sebera, Kateřina Strašilová, Tomáš Hlinský, Marie Crhová, Andrea Martincová, Petr Vajda, Nikola Stračárová 


	Strength and conditioning training
	physical Fitness of Army forces of the Czech Republic
	Martin Bugala

	Efficiency of Jumping Preparation in Younger Pupils in Athletics
	Ivan Čillík, Miriam Karperová

	Isokinetic equipment in the strength training of armwrestlers
	Gabriel Harčarik

	training system hast for the development of strength abilities in armwrestling
	Gabriel Harčarik

	THE EFFECT OF KINESIO TAPING ON THE RESULT IN THE STANDING LONG JUMP
	Aleš Kaplan1, Iva Hnátová2, Miloš Peca3

	THE EFFECT OF ISOMETRIC HIP ADDUCTORS FORCE ON CHANGE OF DIRECTION SPEED OF PROFESSIONAL ICE-HOCKEY PLAYERS
	Roman Švantner1,2, David Brűnn1,2, Martin Pupiš1, Dávid Líška3, Jozef Sýkora1,2

	THE LEVEL OF EXPLOSIVE STRENGTH OF LOWER LIMBS OF SLOVAK REPUBLIC REPRESENTATIVES IN SWIMMING
	Zuzana Pupišová 

	Decision making of semi-professional female basketball players in competitive games
	Tomáš Vencúrik, Dominik Bokůvka, Jiří Nykodým, Pavel Vacenovský

	Hypoxic training from the athlete´s biological passport point of view
	Martin Pupiš, Vladimír Franek, Zuzana Pupišová


	PhD section
	Effect of a 3-month Exercise Intervention on Physical Performance, Body Composition, Depression and Autonomic Nervous System in Breast Cancer Survivors: A Pilot Study
	Marie Crhová, Iva Hrnčiříková, Radka Střeštíková, Klára Šoltés-Mertová, Martin Komzák, Kateřina Kapounková, Anna Ondračková

	On selected problems of low representation of women in coaching
	Kateřina Jakubcová, Vladimír Jůva, Michal Roček

	Trends in BMI by Age Periods of Pupils with Intellectual Disability 
	Jitka Králíková, Hana Válková

	The long-term development of shooting skills in young biathletes
	Michal Žák1, Ivan Struhár2, Jan Ondráček1

	Relationship of the results from fitness test and points for performance in alpine skiing of the Czech national team of U14 and U16 categories in the season 2018/2019
	Jan Jurečka, Tomáš Horáček

	A Comparative Study of primary school teachers’ attitudes and opinions towards inclusive education in the South Moravian Region and Split-Dalmatian County
	Nikola Stračárová

	EFFECT OF RESISTANCE TRAINING IN CHILDREN WHO ARE OVERWEIGHT OR OBESE – PILOT STUDY
	Kateřina Strašilová, Petr Vajda, Tomáš Hlinský





