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ABSTRACT

The presented study is focused at identifying the genetic predispositions for anaerobic 
performance in a group of elite fencers of the Czech Republic. Based on theoretical find-
ings and previous studies, we assume that the identification of genetic coding can help 
revealing sport talents or recommend to a person interested in sport a suitable branch con-
sidering his qualifications. The study concentrates on the comparison of speed-strenght 
abilities determined by Wingate test performed in the Biomedical laboratory of FTVS at 
Charles University in Prague and specific speed tests for fencing with R577X polymor-
phism of ACTN3 gene in elite fencers of the Czech Republic. By the analysis of buccal 
smear, we found that 80% of our sample of fencers contains in their genotype at least 
one R allele of the ACTN3 gene of the R577X polymorphism and 27% of the whole are 
homozygotes with RR genotype.

Keywords: speed abilities; fencing; polymorphism R577X ACTN3; genetic predisposi-
tions; genotype

INTRODUCTION

Sport performance is a broad term covering many agents who are directly or indirectly 
participating in its level. Environmental factors, such as training and nutrition, are 
important for the development of the elite athlete, however these factors alone are not 
enough and most of us can never achieve an elite athlete status no matter how hard we 
try. Elite sport performance is a complex phenotype of physical capability defined by 
genetic potential (MacArthur & North, 2005). Phenotype of an individual, which may 
have a genetic basis for endurance skills, muscle strenght, physiological capacity to 
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repeat a series in high-intensity or ability of tendons and ligaments to withstand damage, 
provides us information important for the selection of sport branch (Lippi, Longo, & Maf-
fulli, 2009). Current scientific information suggest that the genetic information in form of 
several genotypes is an inseparable part of influencing the sport level of every sportsman, 
and because motoric skills are determined to a greater or lesser extent genetically, it is 
necessary to take the new molecular genetic research into consideration and involve them 
in the well-established methods used for predicting of movement abilities (Měkota & 
Novosad, 2005). Genotype differences, i.e. changes in DNA, can affect a concrete protein 
function and thus positively or negatively influence some abilities of a given individual. 
Ahmetov et al. (2012a) in his study states that the most common types of polymorphism 
variant of DNA sequence are insertion or deletion (I/D) of individual nucleotides. Lippi, 
Longo, & Maffulli (2009) in their study states that the most commontypes of polymor-
phism are SNP’s (single-nucleotide polymorphism).

Genetic differences can thus influence the amount and the structure of mRNA or pro-
tein and therefore may represent major share of genetic factors in the variability of human 
phenotype. Bouchard, Malina, & Pérussé (1997) in their publication mention another 
important role of nutritional genomics, in which the normal diet contains a number of bio-
active substances which can activate or modulate the transcription of target genes through 
receptors or directly cause a change of chromatin structure. They represent the next pos-
sibility which could be used in the future supplement of the training plans, regeneration 
methods or convalescence therapies.

According to the existing body of knowledge, the best sportsmen of different spe-
cialisations have different share of fibers (Dovalil et al., 2009). The influence of genetic 
load for a specific physical performance is estimated around 40–50%. The anaerobic 
performance, in the form of short-term anaerobic action to 10 s, is estimated to be higher 
than 50% (Bouchard, Malina, & Pérusse, 1997). Měkota and Novosad (2005) reported 
that the strongest is genetically determined maximal anaerobic alactate performance, 
which is crucial for the realization of speed-strenght movements. The same argument is 
also supported by Grasgruber and Cacek (2008), who report as significantly genetically 
influenced components of sport performance the composition of muscle proteins, blood 
flow in heart and lungs, as well as the activity of of key enzymes participating in energy 
production. Havlíčková (2004) states that the speed capabilities are genetically influenced 
from 65–80%. The simple movement speed is affected the least and we can reach the 
greatest development of speed capabilities in our school age.

Fencing is a speed-strenght sport, whose energy coverage takes place mainly in  
the glycidic energy substrate zone. The maximum heart rate during the fight rises on the 
level of 70–90% of its maximum value. This discipline makes demands on the coordina-
tion abilities, dexterity and speed. The basic precondition of a successfull fencer is the 
prevalence of fast muscle fibers and therefore preconditions to speed abilities rather than 
endurance movement elements (Jirka, 1995). Factors that may affect the preconditions of 
the performance in fencing can be observed in the area of anaerobic metabolism measured 
by Wingate test. The important area for assumption of sport performance in fencing is the 
level of complex psychomotoric state, such as speed, accuracy and adaptability in motoric 
learning (Borysiuk & Waskiewicz, 2008). The duration of each fight is influenced by 
a number of interruptions caused by a referee, that can be used by the fencers as a resting 
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interval for recovery of the organism. Owing to this fact, the fencers can perform most 
of the actions which last on average 5–15 s (depending on the type of weapon), in high-
intensity load (Lavoie, Léger, Pitre, & Marini, 1985). 

Ahmetov, Vinogradova, and Wiliams (2012b) reported that the abilities to perform aer-
obic and anaerobic exercise differs significantly depending on the composition of muscle 
fibres. Muscle fibers are classified as type I and type II fibres with subgroups IIA and IIX 
(IIB). These fibre types differ in maximum shortening speed. Type I fibres show the slow-
est contractions but high fatigue resistance, and type II fibres, especially type IIX, show 
the fastest contractions, hence higher maximum shortening speed, larger cross-section 
area diameter but low fatigue resistance. That means that they can produce substantially 
greater maximum performance. The data based on metabolic profile of muscle fibers 
show that type I fibres are rich in oxidative enzymes and suitable for endurance perfor-
mance. Type IIX fibres are rich in glycolitic enzymatic activity and are adjusted to short 
exploding high speed and performance. Type IIA fibres have middle activity of enzy-
matic function and are better adapted for medium anaerobic exercise. Melichna (2004) 
states that the degree of genetic interdependence limits the range of adaptive plasticity 
of a given character and thereby limits also the influence of sport training. The smaller 
the influence of the training is, the higher will be the value of heritability coeficient. This 
coeficient can be up to 99.6% for the percentage share of fast or slow muscle fibres.  
This is relatively high genetic interdependence of a character. Conversely metabolic 
potential of the muscles participating in releasing the energy for muscle function is appar-
ently not unambigously geneticaly dependent.

A significant protein, which is present only in fast muscle fibres (fast twitch – FT 
fibres, or type IIA and IIX fibres), and to which this contribution is dedicated, is actin-
binding protein (alpha-actinin-3 = ACTN3). ACTN3 is always present among the best 
performative athletes-sprinters (Lippi, Longo, & Maffulli, 2009). Human sarcomeric 
a-actinin isoforms (a-actinin-2, a-actinin-3) contain a pedominant protein part of sarco-
meric Z-line, where it produces a latticed structure, which binds together thin actin fila-
ments and stabilizes muscle contractile apparatus (MacArthur & North, 2004). According 
to Sovičová (2010), the isoforms of a-actinin are divided into two groups based on the 
ability to bind calcium. Muscle a-actinins (ACTN2, ACTN3) are not dependent on cal-
cium to bind aktin. Non-muscle isoforms (ACTN1, ACTN4) bind actin via calcium. The 
expression of ACTN3 gene is limited to a subgroup of two fast muscle fibres. The change 
of the basis occurs in nucleotide 1747 in exon 16 of ACTN3 gene, which results in the 
emergence of R577X polymorphism. Ahmetov et al. (2012) adds that 577X allele contains 
modified sequences, which can completely prevent the production of a functional protein 
a-aktinin-3. Sovičová (2010) further states that the presence of ACTN3 has a beneficial 
effect on the function of skeletal muscles in creating strong contractions in high speed and 
thus provides evolutionary advantage in sprint disciplines. Ahmetov et al. (2012b) men-
tion several studies which state that the ACTN3 RR genotype is over-represented or that 
ACTN3 XX genotype is under-represented in strenght and speed athletes compared with 
control group. Eyon et al. (2009) mention functional polymorphism, which was identi-
fied in ACTN3 gene and can affect the speed performance. This polymorphism encodes 
the muscle isoform of alpha-actinin-3, which leads to the substitution of arginin (R) with 
premature stop-codon (X) at 577 amino acid. 577R allele and thus also 577RR genotype 
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from polymorphism ACTN3 R577X was found in connection with the highest level of 
sprinters in wide selection of ethnic groups. Ahmetov et al. (2012a) reported that to date 
more than 20 genetic variants were connected with strenght and performance-related 
phenotypes, of which gene polymorphisms ACE (angiotensin-converting enzym), ACTN3 
and PPARA (peroxisome proliferator-activated receptor α) has been the most studied for 
for the time being. Our study is based on the knowledge of fencing and genetic encoding  
of speed abilities and thus we presuppose certain connection between genetic encoding of  
speed abilities, i.e. R allele ACTN3 R577X gene polymorphism, and performed tests in 
a group of elite fencers. 

PURPOSE

The aim of this work is to determine the occurence frequency of R577X gene polymor-
phism in the group of elite fencers and compare these results with applied tests.

METHODS

Fifteen elite and subelite fencers of the average age of 24.9 (± 6.6) participated in the 
research investigation. The criterion for the selection of the subjects was placing of 
the fencers in the first twenty percent of the total number of starters in current season 
2011/2012. The subjects were instructed to perform all measured attempts at maximum 
possible speed. The measurement was conducted during May and June, which was the 
peak of the season.

The level of maximum anaerobic performance and general dispositions for speed were 
conducted by Wingate load test on MONARK (Sweden) bicycle ergometer in Biomedical 
laboratory of FTVS of Charles University (Prague). The test started after cca 5 minute 
warm-up without a load, when the subject reached above the level of 130 beats per min-
ute. The value of heart frequency was monitored by sport-tester POLAR. The actual test 
was carried out for 30 s with cca 10% resistance of the actual body weight of each subject. 
Given the focus of our study, we used the maximum number of revolutions (RPT – num-
ber of revolutions per 30 s) and the maximum value of power (Pmax) expressed in watts 
to compare the results from genetic inquiry.

Another method used was determination of the speed of extension at the elbow joint. 
The tested subjects had to hit as quickly as possible a hitting target, which was a part 
of the Fitrosword device for visual stimulus. The target was placed at a height of the 
tested person’s breastbone (processus xiphoideus os sternum) in the guard position. After 
lightin up the red LED diodes, the guard of the used sword left (Uhlmann, Germany) the 
highly sensitive horizontal obstacle on which was the sword placed in the guard position. 
Software Sword evaluated the movement time of the hit alone, and thus we excluded the 
negative intervention of reaction time, which was not the subject of our investigation. 
The horizontal barrier was placed 125 cm from the target. For the direct hit inquiry we 
came out of the Wiliams and Walmsley study (2000). Fitrosword device was used again 
for detection of the lunge speed. In this case, we proceeded as in the previous experiment, 
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where we separated the reaction time from the overall response time. The lunge’s move-
ment distance was determined as the distance between the vertical axis intersecting the 
vertical line of the centre of the hitting target and the floor. From this point, we measured 
individual distance considering the height of each subject. The height of the tested person 
in centimetres was multiplied by 1.5 coeficient (Williams & Walmsley, 2000) and the 
resulting value was transferred to the floor.

To detect the strenght preconditions, we used digital dynamometer in Biomedical 
Laboratory of FTVS of Charles University, Prague. The tested subject was in the sitting 
position and the arm, which held the dynamometer, was freely lowered along the body 
to the ground. In this position, the test subjects performed three handgrips. The resulting 
values were averaged.

Another test used was specific shuttle test (Iglesias & Rodrigez, 2008; Tsolakis & 
Vagenas, 2010). The subjects were to move between two lines that were spaced 5 m, 
as quickly as possible using the advance and backward, so that the total distance of the 
shuttle test would be 30 m. The actual test was launched from the guard position on  
the baseline by START command. The test was terminated as soon as the subject over-
stepped the start line with his front leg and overcame the mentioned 30 m. The test was 
conducted three times, with a 30 minute rest interval. The average values of all three tests 
are shown in the results.

Molecular genetic analysis was performed with DNA samples obtained from epitelial 
mouth cells using the isolation kits provided by the commercial laboratories Genomac 
International, s. r. o. (Prague, CR). The smears were made by a special sterile brushes 
that were after the swabbing put into test tubes with lids. The obtained samples were thor-
oughly described and taken into the genetic laboratory. The genotypic analysis of R577X 
ACTN3 was conducted the above mentioned laboratory.

RESULTS

The results of our study are presented below in Table 1. Due to a low number of tested 
individuals, we did not statisticaly analyze the results. The resulting values of single vari-
ables are always expressed in arithmetic average and standard deviation.

The Table 1 shows that R allele occurs 12× at the investigated group, of which 4× 
it is in a homozygotous form. The complete absence of the observed allele appeared 
only in 3 subjects. Certain connection was found between the relevant genotype and the 
direct lunge movement time, the maximum performance value in Wingate test (Pmax) 
and the number of revolutions in the maximum 30 second Wingate test (RPT). Subjects 
with RR genotype, i.e. homozygotes, had the best results in the above mentioned tests. 
Subjects with XX genotype had the weakest results and the subjects with RX genotype, 
i.e. heterozygotes, achieved a little weaker results than the individuals with RR geno-
type.

In the applied tests, in which we investigated lunge movement time, specific shuttle 
test and handgrip strenght, the resulting values did not meet our assumptions.

It is obvious from Table 1, that R allele, i.e. speed allele, occurs in 80% of monitored 
fencers.
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Table 1. Identified variables in various tests 
A

C
TN

3

Genotype Subject PČV 
[ms]

PČPB 
[ms]

SČT  
[s]

HG D  
[N] RPT/30s Pmax [W]

XX

Subjekt 1 512 207  11.83 55.5 52 938
Subjekt 2 540 213  10.81 55.1 53  1081
Subjekt 3 580 197  11.48 46.1 47 749
Diameter 544   205.7 11.4 52.2 50.7  922.7

SD   34.2     8.1  0.5  5.3  3.2  166.5

RX

Subjekt 4 528 178  11.85 41.7 51 876
Subjekt 5 608 179 12.8 50.3 52 946
Subjekt 6 453 192  12.51 46.8 45 828
Subjekt 7 522 174  11.21 42.1 60 1015
Subjekt 8 455 180  11.92 37.1 54 947
Subjekt 9 508 141  11.25 41 53 948
Subjekt 10 483 194  12.08 56.8 50 1115
Subjekt 11 499 179  12.51 50.4 47 985
Diameter 507   177.1 12.0 45.8 51.5  957.5

SD   49.5    16.2  0.6  6.5 4.6   86.7

RR

Subjekt 12 519 174  10.75 57.5 57 1107
Subjekt 13 537 184  12.45 34 50 788
Subjekt 14 552 185  11.85 57.2 50 1072
Subjekt 15 552 142  11.12 56.1 50 1102
Diameter  540.0   171.3  11.5 51.2 51.8 1017.3

SD   15.7    20.1  0.8 11.5 3.5  153.6

Legend: PČV – lunge movement times; PČPB – direct lunge movement time; SČT – specific shuttle 
test; HG D – dominant limb handgrip; RPT/30 s – maximum number of revolutions in 30 s during 
Wingate testu; Pmax – maximum value in Wingate test

DISCUSSION

The aim of our study was to determine the occurence frequency of the R577X polymorphism 
of ACTN3 gene in a group of elite fencers and to compare these results with the tests used.

For the analysis of speed capabilities, we were looking for suitable tests that would 
bring specific physical skills and abilities closer to the laboratory conditions. For this rea-
son, we chose a simple movement maneuver in the form of direct hit, lunge and specific 
shuttle test, in which we examined the movement time or duration of the activity. After 
the evaluation of the results we discovered that the easiest movement test in the form of 
direct hit was the most suitable for our research. For tests, such as specific shuttle test 
and movement time of the lunge, the skill level of tested people, which is associated with 
learned movement patterns, could have negatively affected the results.
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Although fencing is a speed sport where an attack may last only a few seconds, some 
actions at a high intensity can sometimes during a fight last up to 30 s. These circumstanc-
es led us to use Wingate test in determining the performance level of fencers. We selected 
only the value of the maximum power (Pmax) and the number of revolutions achieved in 
30 s (RPT) from the obtained data.

Due to the fact that the fencers have a weapon in hand during the whole fight which 
weighs at the most 700 g, we also involved in our study the testing of hand grip strength 
(so-called handgrip). The results of this testing contained great differences, in which we 
found that subjects younger than 24 years had significantly lower values.

The results of our study also proved that individuals with XX genotype, i.e. without 
the presence of “speed allele” had worse values in some tests and in others excelled. We 
believe that further similar genetic investigations should be directed at a larger number 
of genes that affect athletic performance and try to give more complex overview of the 
possible linkages of certain genes and movement skills.

CONCLUSION

Fencing is a speed-strength sport that makes demands on coordination skills, dexterity and 
speed (Jirka, 1995). In the second half of the 20th century occurred, due to the existence of 
signaling devices which made decissions easier, an acceleration of the course of the fight. 
This put greater demands on speed and complex actions became redundant (Trohař, 1973). 
From this point of view, we decided to perform a study in which we tested 15 elite fencers 
in several speed tests and DNA tests, where we monitored the frequency of the R577X 
polymorphism of the ACTN3 gene. After studying the relevant studies, we assumed that 
our selected group will have higher occurrence of R allele genotype (RR, RX).

The results of genetic investigations were compared with values from the speed-power 
tests. We concluded that the simple movement actions are more suitable for determination 
of the speed level than the complex actions, where the specific and longer-lasting training 
and final performance with individual skills of the tested individuals must precede.

By the analysis of buccal smear (Genomac International, s. r. o., Prague), we found that 
80% of our sample of fencers contains in their genotype at least one R allele of the ACTN3 
gene of the R577X polymorphism and 27% of the whole are homozygotes with RR genotype. 
Only 20% of our sample has XX genotype. After the comparison with the performative tests, 
we found that the group with RR and RX genotype had better results than subjects with XX 
genotype in performative tests, such as the lunge movement time, maximum number of revo-
lutions during Wingate test and the maximum power at Wingate test. In other tests, we found 
no association between the genotype and the results. We are aware of the low number of 
observed probands which should be extended in future studies. Yet it is clear from our study 
that R allele genotype supporting speed capabilities occurs in the group of elite fencers and in 
the next investigation we want to concentrate on the other possibilities of genetic encoding.

We believe that for the fencing performance are undoubtedly important speed abilities, 
whose usability during the game is complemented by a composition of other factors (tech-
nical, tactical, fitness, somatic, psychological, and so on), which are in mutual interaction 
(Barth & Beck, 2007; Roi & Bianchedi, 2008). For this reason it is necessary to monitor 
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the genetic predispositions in other components of sport performance and thus contribute 
towards the completion of the knowledge of genetic encoding of movement skills.
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EFFECT OF SHORT-TERM BALANCE TRAINING  
ON POSTURAL STABILITY IN ICE HOCKEY PLAYERS

PAVOL ČECH

ABSTRACT

Postural stability is one of latent factors affecting game performance of an individual to 
a certain extent. The presented study deals with monitoring changes of postural stability 
in ice hockey players after eight week’s balance training. 

The screened sample consisted of junior category ice hockey players divided into 
experimental (n = 8) and reference groups (n = 8).

Postural stability was measured using a stabilographic method on the AMTI AccuS-
wayPLUS force platform. The level of postural stability was assessed in three tests, 
namely bipedal stance with and without sight control and bipedal stance with reduced 
proprioception using the parameters of 95% confidence ellipse, path of CoP and mean 
velocity of CoP. 

The level of monitored stability parameters did not indicate any significant differences 
between the groups in any of the tests at the level of significance α = 0.05. Comparing 
postural stability of the experimental group between pre-test and post-test showed signifi-
cant differences in the test without sight control and the test with reduced proprioception 
in lCoP and vCoP parameters (Z = 2.1004; α ˂ 0.05). Regarding the reference group, no 
significant changes of the level of postural stability between the pre-test and post-test 
were found in any of the parameters (Z = 0.3652 to 1.8257; α ˃ 0.05).

Keywords: sport training; balance exercises; posturography; AMTi; CoP 

INTRODUCTION

Ice hockey is a fast, dynamic and invasive sport with a broad membership base. Sport perfor-
mance in ice hockey consists of complex playing and skating skills. Skating in ice hockey is 
a complex motor skill (Bracko, 2004) and professional coaches, general managers and scouts 
consider skating skills a significant factor for selection of players for the team (Hansen & 
Reed, 1979). Skating is characterised by acyclic movement structure which consists of arti-
ficial movements (Pavliš & Perič, 2003) in terms of the structure of basic locomotion. 
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The level of skating skills is determined by mastering skating techniques and the level 
of stability. Skating in ice hockey is an automatized, subconscious process while con-
sciousness is more involved in searching and assessing an optimal solution of the incurred 
playing situation. Practising skating technique is a domain of training process starting 
with children’s categories; Pavliš & Perič (2003) suggest that it should account for up to 
80% of training time; however, it also is necessary to develop skating technique in further 
stages of the training process, as well. 

The basis of each movement is maintaining posture which the movement stems from 
(Trew & Everett, 1997; Véle, 1997). Figure skating and ice hockey belong to sports, in 
which the biomechanic stability required to maintain balance is limited by narrow base 
of support (Zemková, 2011). In addition, Braco (2004) points out the complexity of ice 
hockey in terms of high demands on coordination and repeated muscle load with a short 
rest interval. A narrow blade also causes strenuous eccentric muscle work and propriocep-
tive control in order to maintain stability (Humble, 2003; Li, 2007).

Equilibrium, postural stability and balance have not been clearly defined yet. A num-
ber of ambiguities are connected not only with terminological models but also with 
diagnostic methods, instrumentation capabilities, data processing and interpretation of 
results (Čech & Junger, 2012). Balance is often taken for granted and its importance is 
overlooked, even though it is one of the most important aspects in ice hockey (Stamm, 
2001). Available literature provides only limited information on the effect of exercises on 
dynamic stability (Zemková, 2011) or the effect of balance exercises on motor skills of 
athletes (Hrysomallis, 2011). Therefore, we believe it is important to deal with the issue 
of increasing the level of postural stability in the process of sport training outside the ice 
rink. More and more coaches discuss the possibilities of strengthening deep stabilization 
and postural systems using balance exercises performed with one’s own body weight or 
with the use of external supplementary resistance. However, in ice hockey theory, we may 
see a deficit of knowledge in the field of training process. 

PURPOSE

The purpose of this study was to assess the effect of eight-week’s exercise programme on 
the level of postural stability in ice hockey players.

METHODS

A total of 40 junior category ice hockey players participated in this research. However, 
the presented results includes only 16 players as the other players did not complete all 
measurements due to various reasons (transfer to another club or to another age category, 
sickness at the time of output measurements). 

The research was carried out on a sample of players from HC Košice who won the title 
of Master of the Slovak Republic in their age category in the previous competitive season. 
The results of the research are related to performance of the players (n = 16) who com-
pleted both input and output measurements. Before exposure to the assigned stimulation, 
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players were divided in experimental and control groups S1 and S2 according to the head 
coach’s instructions. At the time of the initial measurement, the decimal age of S1 group 
(n = 8) was 15.8 ± 0.6 years (x ± s), and S2 (n = 8) 15.7 ± 0.4 years. Basic somatic char-
acteristics of both groups are listed in Table 1.

Table 1. Basic somatic characteristics of the screened sample

Experimental group Control group

Age Body weight Body height BMI Age Body weight Body height BMI

x̅ 15.8 68.1 177.9 21.5 15.7 70.0 180.5 21.5

S  0.6  4.8   3.8  1.6  0.4  6.6   5.6  1.1

Legend: x ̅– mean; s – standard deviation; BMI – body mass index

In terms of the phases of the annual training cycle, research was carried out in the 
period of intensive fitness training outside the rink. An independent variable affecting 
postural stability was an exercise programme consisting of dynamic power exercises 
especially with the use of unstable surfaces (bosu, balance boards, balance pads, over-
balls, expanders, medicine balls). The exercise programme was completed only by play-
ers from the experimental group (S1). Exercises on unstable surfaces represented 20% 
of net workout time of two training sessions in a week under the guidance of a fitness 
coach. Participants performed different exercises each week. The members of the control 
group (S2) practised traditional methods commonly used in the club. Traditional training 
sessions included exercises in a gym, fitness workouts (spinning, running, inline skating), 
obstacle courses and imitation hockey exercises.

To assess postural stability, we used a posturography method of measurement on 
a force platform. Each of the players, regardless of the group which he belonged to, 
completed three tests of postural stability marked as T1, T2 and T3 in input and output 
diagnostics. T1 measurement consisted of a bipedal stance with feet together on the force 
platform with sight control; in T2 participants performed a bipedal stance with the feet 
as wide as the pelvis with elimination of visual analyser and in T3 a bipedal stance with 
the feet as wide as the pelvis with reduction of proprioceptive perception and with a sight 
control (stance on a 10 cm high foam surface). During measurements with sight control 
(T1 and T3), participants concentrated on a selected visual point located on the wall at 
the level of their eyes at a distance of four meters. Each of these measurements lasted for 
30 seconds and the tested subjects performed them in a row with a rest interval necessary 
for changing position or preparation of changed conditions, respectively. The level of 
postural stability was assessed on the basis of parameters related to the Centre of Pressure 
(CoP). The participants’ CoP was measured on AMTI’s AccuSwayPLUS force platform 
(© Advanced Mechanical Technology, Inc., 2002). Digital output from the platform was 
recorded by AMTI’s NetForce software, the recording frequency of which is 50 Hz. The 
software for identification of CoP location uses algorithms from the related variables, i.e. 
parameters of forces acting on the platform (Fx, Fy, Fz) and moments of these forces (Mx, 
My, Mz). The recording was further processed by means of BioAnalysis software which 
provides not only digital outputs in the form of statistics but also 14 graphical outputs.
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To analyse the effect of the intervention programme, out of the spectrum of parameters 
we selected three basic parameters which characterise the movement of CoP during the 
measurements; namely path of CoP (lCoP), mean velocity of CoP (vCoP) a 95% confidence 
elipse (EA95%).

Individual performances of participants from S1 and S2 groups were further processed 
using both quantitative and qualitative procedures. Data were processed using methods of 
mathematical statistics in the Statistica 10 programme. From the perspective of the nature 
of data (low number of subjects, normality of data distribution), for statistical evaluation 
we selected the median (ME) from the measurements of central tendency and interquartile 
range (IQR) and quartile deviation (QD) from the measurements of variability. To monitor 
the effect of intervention on the level of postural stability parameters we used non-paramet-
ric methods of mathematical statistics. In the case of evaluation of the statistical significance 
of differences between S1 and S2 groups we used the Mann-Whitney U test for independent 
samples. To assess the significance of differences in the level of postural stability between 
pre-test and post-test within individual groups the Wilcoxon test for dependent samples was 
used. Subsequently, the results were evaluated at the level of significance α = 0.05.

RESULTS AND DISCUSSION

A number of studies dealing with sport performance and training in ice hockey have 
been published. However, most of them focus on biomechanical parameters of skating 
(Braco, 2004; Humble, 2003; Maclean, 2012), kinematic analysis (Marino & Drouin, 
2000; Upjohn et al., 2008; Stidwill, 2009) or sport performance (Brocherie et al., 2005; 
E. Maclean, 2012). There is a deficit of knowledge in the field of development of stability 
in ice hockey even though Zemková (2011) states that fast adaptation of stability in and 
after sport performance is considered an important skill in sport practice.

Table 2. Descriptive statistics of stability parameters of S1 group (n = 8)

T1 T2 T3
ME IQR QD ME IQR QD ME IQR QD

EA
95

% Pre-test  0.968 0.937 0.487  2.987  3.712  1.856  2.488  4.038  2.019

Post-test  0.913 0.281 0.141  2.750  1.322  0.661  2.326  1.218  0.609

v C
oP

Pre-test  0.950 0.152 0.076  2.917  0.367  0.184  3.146  0.987  0.494

Post-test  0.921 0.212 0.106  2.671  0.594  0.297  2.942  0.846  0.423

l C
oP

Pre-test 28.500 4.559 2.280 174.990 22.019 11.010 188.780 59.217 29.608

Post-test 27.630 6.377 3.188 160.240 35.598 17.799 176.480 50.760 25.380 

Legend: T1 – bipedal stance with feet together with sight control; T2 – bipedal stance with the feet as 
wide as the pelvis without sight control; T3 – a bipedal stance with the feet as wide as the pelvis with 
reduction of proprioceptive perception; ME – median; IQR – interquartile range; QD – quartile 
deviation; EA95% – 95% confidence ellipse; vCoP – mean velocity of CoP; lCoP = path of CoP
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Table 3. Descriptive statistics of stability parameters of S2 group (n = 8)

T1 T2 T3

ME IQR QD ME IQR QD ME IQR QD

EA
95

% Pre-test  1.154 0.844 0.422  2.701  2.472  1.236   2.908  2.339  1.170

Post-test  0.916 0.457 0.229  2.033  0.354  0.177   2.386  1.218  0.434

v C
oP

Pre-test  0.898 0.168 0.084  2.850  0.299  0.149   3.109  0.703  0.352

Post-test  0.807 0.235 0.118  2.336  0.677  0.339   2.232  0.846  0.241

l C
oP

Pre-test 26.913 5.017 2.510 170.970 17.907  8.953 186.540 42.191 21.906

Post-test 24.197 7.064 3.532 140.060 40.637 20.319 133.910 50.760 14.440

Legend: T1 – bipedal stance with feet together with sight control; T2 – bipedal stance with the feet as 
wide as the pelvis without sight control; T3 – a bipedal stance with the feet as wide as the pelvis with 
reduction of proprioceptive perception; ME – median; IQR – interquartile range; QD – quartile 
deviation; EA95% – 95% confidence ellipse; vCoP – mean velocity of CoP; lCoP = path of CoP

Table 2 and Table 3 present results of descriptive statistics of the selected parameters 
characterising postural stability of experimental and control groups. On the basis of these 
results we can state that the monitored stability parameters improved in both experimental 
(S1) and reference group (S2) during the training process.

Considerable improvement in stability, in terms of middle values, was recorded in 
members of the control group (S2). These findings indicate the uselessness of imple-
mentation of a short-term balance exercise programme in the sports training of young 
hockey players. On the other hand, Braco (2004) mentions that if we want to prepare an 
effective training programme, players should be confronted with such conditions which 
control their movement during a game, e.g. to include enhancing exercises for stick work 
technique in the balance exercises as it was in our case.

Analysis of results characterising variability of the measured data (QD, IQR ) in lCoP 
and vCoP parameters indicate that in the case of the reference group (S2) we recorded 
higher values than in the experimental group. Therefore, we believe that the achieved 
middle value of ME in the S2 group could have been partially influenced by the extreme 
performance of participants in terms of greater heterogeneity of performance in post-
test measurement or skewness of the measured data distribution (data not published), 
respectively.

Véle (1997) mentions that exclusion of one of the three main components (visual, 
vestibular and proprioceptive) providing afferent information on stability for regulatory 
organs should not be reflected in deterioration of stability. However, research studies con-
firm crucial importance of proprioception for regulation of stability (Le, 2007), which is 
in accordance with the results of our study. In the measurement with reduced propriocep-
tion perception (T3) we recorded the highest middle values in comparison to other tests, 
which means deterioration of postural stability.
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Table 4. Comparison of the level of postural stability parameters recorded before and after intervention 
(Wilcoxon test)

S1
T1 T2 T3

T Z T Z T Z
EA95% 13.0 0.7001 10.0 1.1202 13.0 0.7001
vCoP 14.0 0.5601  3.0  2.1004*  3.0  2.1004*
lCoP 14.0 0.5601  3.0  2.1004*  3.0  2.1004*

S2
EA95%  1.0 1.4606  4.0 0.3652  1.0 1.4606
vCoP  4.0 0.3652  1.0 1.4606  0.0 1.8257
lCoP  4.0 0.3652  1.0 1.4606  0.0 1.8257

Legend: T1 – bipedal stance with feet together with sight control; T2 – bipedal stance with the feet as 
wide as the pelvis without sight control; T3 – a bipedal stance with the feet as wide as the pelvis with 
reduction of proprioceptive perception; T – Student’s T-score; Z – Z-score; EA95% – 95% confidence 
ellipse; vCoP – mean velocity of CoP; lCoP – path of CoP; *p < 0.05.

Based on results in Table 4, we can conclude that in the case of the control group 
we did not find any statistically significant changes in the level of the monitored 
parameters of postural stability between input and output measurements in any of the 
tests. Statistical analysis further indicated a positive effect of the training process on 
the performance of participants from the experimental group when in T2 and T3 tests 
we recorded significant differences in the level of path of CoP (lCoP) and mean veloc-
ity of CoP (vCoP). Concerning the third examined parameter EA95%, no significant 
changes between input and output measurements were recorded. We suppose it can be 
caused by a high level already achieved in the input measurement (ME T2 = 2.98 cm2;  
ME T3 – 2.48 cm2), which participants managed to slightly improve in the output meas-
urement (ME T2 = 2.75 cm2; ME T3 – 2.32 cm2). In T1 no significant changes in the 
examined parameters of postural stability were found. We think that the reason could 
be in inadequacy of the motor test.

Table 5 provides the results of statistical significance of differences in the level of pos-
tural stability between performances of the experimental and control group. In any of the 
compared data pairs we did not record significant differences at the level of significance 
α = 0.05.

Based on the structure of the training process which participants completed there are 
several aspects which could have caused the obtained results. The first is inclusion of 
imitation skating exercises and obstacle courses in the usually used training model. These 
methods impose substantial requirements on agility and coordination abilities of athletes 
which can positively influence stability of the stance.
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Table 5. Comparison of the level of postural stability parameters between S1 and S2 groups in input 
and output measurements (Mann-Whitney U test)

S1
T1 T2 T3

T Z T Z T Z
EA95% 22.0 0.194 24.0 –0.065 23.0 –0.065
vCoP 18.0 0.711 18.0  0.711 19.0  0.581
lCoP 18.0 0.711 18.0  0.711 19.0  0.581

S2
EA95%  1.0 1.461  4.0  0.365  1.0  1.461
vCoP  4.0 0.365  1.0  1.461  0.0  1.826
lCoP  4.0 0.365  1.0  1.461  0.0  1.826

Legend: T1 – bipedal stance with feet together with sight control; T2 – bipedal stance with the feet as 
wide as the pelvis without sight control; T3 – a bipedal stance with the feet as wide as the pelvis with 
reduction of proprioceptive perception; T – Student’s T-score; Z – Z-score; EA95% – 95% confidence 
ellipse; vCoP – mean velocity of CoP; lCoP – path of CoP

Moreover, especially in that period, training sessions focused on development of 
strength abilities of all muscle groups were applied. Development of strength abilities is, 
particularly in the older population, considered a suitable means for positively influencing 
the level of postural stability.

The training programme was applied during eight weeks in the period of intensive 
fitness preparation when the players performed two-phase training load in 8–12 training 
sessions during a weekly micro-cycle. The intervention programme made up only 20% 
of two training sessions. Therefore it is possible that the effect of balance exercises could 
have been partially affected by inhibited endogenous and exogenous changes caused by 
other forms of the load applied. Similarly, the length of intervention in the experimental 
group could be another reason why exercises were not reflected in greater measure. How-
ever, authors are not consistent in the opinion on the time interval required to make the 
independent variable reflect in the improvement of the level of the observed parameters. 
Zemková (2011) in her meta-analytic study described the usage of 3, 4, 8 and 12 week 
intervention programmes focused on the development of postural stability.

CONCLUSION

The presented study does not have a character of generalised results as basic require-
ments for randomness and representativeness of the research group and its size were not 
met. However, we believe that the results will contribute to enrichment of knowledge in 
the field of ice hockey and that they will also be usable for sport practice.
Based on the above described results we can state that:
–  no statistically significant difference in the level of postural stability between the 

experimental and control group was found in any of the measurements,
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–  in the case of the experimental group, after intervention, statistically significant differ-
ences in the level of parameters indicating the level of postural stability were observed 
between the test without sight control and the test with reduced proprioception,

–  in the control group, no significant changes in the level of postural stability between 
pre-test and post-test were detected,

–  the performed balance exercises had a positive impact on homogeneity of results of the 
experimental group.
Ice hockey is a fast, popular sport, performance in which is determined by a number 

of manifestation and latent variables. Postural stability as one of the main latent variables 
is thus an important factor influencing not only skating technique; therefore it can also 
influence individual playing performance to a certain extent. This is the reason why we 
believe that inclusion of balance exercises in the training process is more than desirable. 
We do not state that a high level of postural stability is the only crucial factor in the level 
of player’s performance. However, further research in the form of relationship analyses 
between this latent variable and skating technique or skating speed would certainly enrich 
not only the theoretical part of science but practice as well. 
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ABSTRACT

In the period between the two World Wars, physical education became an important 
educational sphere in Yugoslavia and Slovenia. At the same time, the process of giving 
the educational sphere a Slovene character has to be emphasized, which was ensued by 
the establishment of a new Southern Slav state. In this process, physical education was 
professionally influenced by Sokol gym and Sokol education. At the same time, the Sokol 
started the process of the formation of a state regulated short-cycle college of physical 
education. Behind the action were demands for professional teachers and coaches. The 
process culminated after the Second World War with the establishment of the Institute 
of Physical Education in Ljubljana (1953). The Institute adopted Sokol gym as a basic 
physical activity but it was soon reorganized and renamed 3-year Short-cycle College of 
Physical Education and finally in 1960, 4-year College of Physical Culture, which was 
the beginning of the present Faculty of Sport.

This paper discusses the historical progression of physical education to academic sci-
ence on the basis of the development of the Faculty of Sport and on the basis of available 
historical primary sources and professional texts.

Keywords: physical education; Sokol; gym; gym courses; short-cycle college; faculty; 
Slovenia

INTRODUCTION

In practice, the question of the profession and staff arose when physical exercises and 
gym/gymnastics and later physical education was introduced as a regular subject to the 
school curriculum in the Austrian part of Austria-Hungary (1869) and when gymnastic 
societies (first in Slovenia Južni Sokol / South Sokol, 1863) and sports activities in clubs 
became more and more popular in the second half of the 19th century. The problem 
was solved by organizing professional and specialist courses, which resulted in setting 
up short-cycle college study programmes and college study programmes of physical 



22

education. This article describes the process of the establishment of the College of Physi-
cal Culture, a predecessor of the present Faculty of Sport of the University of Ljubljana, 
and the professional contribution of the Sokol movement in the period between both 
World Wars.

METHODS

The article is historiographic and a historical method of the analysis of primary and sec-
ondary sources and interpretation are used.

DISCUSSION

The discussion will focus on three complete chronological periods which are established 
in historiography and which marked a political and cultural development and conse-
quently also the development of physical culture. These are the Austrian period ending 
in 1914, the period of old Yugoslavia between 1918 and 1941 and the period of new 
Yugoslavia after 1945.

Physical activity as school and club activity

In the Austrian period, physical activity was introduced as a compulsory school subject 
and at national level, a civil society gym movement was organized. In 1869, a school 
act was passed regulating primary schools and introducing a new curriculum with gym 
(2 lessons), what later extended also into secondary schools – first into natural science 
secondary schools and teacher training secondary schools (1870) and finally into gram-
mar schools, where gym was optional at first and became obligatory in the 1909/10 school 
year. Gym lessons aimed at hygiene and education, enhancing health, strengthening the 
body, mental fitness as well as building up strength, will and endurance. Legal measures 
raised a question of a new profession: gym teacher (Turnlehrer). According to the decree 
of the Ministry of Education (1870), the candidates who wanted to get qualifications in 
gym or physical education had to pass an exam in front of the commission appointed 
for this purpose. In 1871, the first professional two-year course was organized in Vienna 
followed by a theoretical and practical exam. A similar commission and later educational 
course at university was also established in Graz, in Styria. At the same time, Graz was 
the academic educational centre nearest to the present-day territory of Slovenia1. Many 
Slovenes from different parts of present-day Slovenia enrolled on the courses. Ulaga 
and Bergant mention there were 49 candidates in the period between 1875 and 1914; 
among those who finished the course in Vienna is also Franc Brunet, who taught gym 
in Ljubljana and published an influential reference book in Slovene entitled Telovadba 
v petrazrednih in manj kot petrazrednih ljudskih šolah (Gym in elementary schools with 

1 The National university was established in Ljubljana after the First World War.
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five classes and with fewer than five classes, in 1900; reprint in 1907) (Okoliš, 2009; 
Stepišnik, 1974; Ulaga & Bergant-Knez, 1992).

As early as the middle of the 19th century, amateur physical activity or gymnastics 
was spread throughout the bourgeoisie. On the territory of present-day Slovenia2, two 
gym societies, i.e., the German Turnverein and the Slovene Južni Sokol, were established 
in 1862 and 1863 respectively. In the period before the First World War, a mass national 
and liberal Sokol movement was set up. In Slovene society, the Sokol clubs brought about 
a new profession, which was spread and developed with the help of publications and 
courses for instructors. The first professional work Nauk o telovadbi (Science of gym) 
was published as early as 1867 and 1869, but for Sokol professional development, courses 
for instructors organized by Viktor Murnik after 1896 were of outmost importance. They 
were based on Tyrš’s Sokol system, which became the basis of work in clubs and profes-
sional work as well as the basis of contacts with Sokol movements in other countries. 
Tyrš’s system was also adopted by Croats and Serbs and was presented in Montenegro 
in the late 1910s. As a sign of re-Catholization, the catholic Orel movement was estab-
lished at the end of the 19th century. Orel, however, was also professionally based on 
Sokol’s profession (Pavlin, 2008). 

Sokol character in physical education

At the end of the First World War, Southern Slavs established the Kingdom of Serbs, 
Croats and Slovenes (from 1929 on, the Kingdom of Yugoslavia), which introduced two 
physical education lessons in schools. Schools on the territory of present-day Slovenia 
took on a Slovene character, which was of great importance from the national and cul-
tural point of view (Dolenc, 1996). In the process of giving physical education in schools 
a Slovene as well as a Yugoslav character, the Sokol movement played the most important 
professional role. In the middle of 1919, Slovene, Croatian and Serbian Sokols merged 
into a uniform Yugoslav Sokol organization. The founding general meeting discussed the 
connection with the school system and laid down a principle called “Sokol and schools” 
emphasizing the fact that the Sokol and school should be connected reciprocally. As they 
stressed, the Sokol movement had had a nation-forming task for over 50 years and in the 
new state, it should therefore penetrate all national schools, secondary moderns, second-
ary schools and other schools with its spirit and take over physical education in schools. 
The Sokol movement should play a leading professional role in resolving issues concern-
ing physical education as well as within the framework of the authority structures from 
the lowest to the highest ones at ministry or government level. The Sokol declaration 
was taken into account since in January 1920, the government ordered that school gym 
should be carried out in accordance with the Sokol system. By coming into schools and 
by introducing Sokol gym and national education, Sokols were – in the catholic part of 
the country3 – confronted with the traditional educator, i.e., the Catholic Church, and its 
intention to use the principles of the catholic Orel in this part of education. This led to an 

2 The lands within Austria with a predominantly Slovene population were: Carniola, southern Carinthia, south-
ern Styria, Görz region, Trieste region with the Karst and northern Istria (or also the Littoral).

3 Slovenia, Croatia and part of Bosnia and Herzegovina.
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eruption of the cultural fight between the Sokol and Orel movements which had a political 
liberal and catholic background (Dolenc, 1996; Pavlin, 2009).

The Sokols also took care of the professional basis and their 1921 general meeting 
made an appeal to the Ministry of Education for organizing courses for gym teachers and 
for employing gym teachers trained according to Sokol principles in all teacher secondary 
training schools in the country. They also made an appeal to the authorities for special 
supervisors for physical education. They also proposed that a department of physical 
education should be established in at least one faculty of arts – in cooperation with the 
faculty of medicine; lecturers should be established Sokol experts. The Ministry of Health 
should award grants to young doctors skilled at physical exercises who could specialize 
as physiologists and develop the physiology of physical education. However, the demands 
were too radical for new authorities and in practice, the education of staff was based on 
Sokol professional courses (in Ljubljana, a one-month training course for Sokol instruc-
tors was organized as early as autumn 1919; it consisted of 10 lessons every day covering 
theoretical and practical aspects) which were also recognized in schools as appropriate 
for teaching physical education. At the end of November 1920, Yugoslav Sokols met with 
the Czechoslovak Sokols in Ljubljana to establish the Association of Czechoslovak and 
Yugoslav Sokol Movement. In the declaration, they stressed that one of the central points 
of Sokol work was a physical rebirth of a nation and education of young generations, that 
is why both Sokol organizations demanded that the states should pay attention to these 
issues and they would help them. They also stressed the fact that among the goals of this 
Association are the commitment to reforming schools and army according to Sokol prin-
ciples, an obligatory law on physical education of all citizens and the establishment of 
a college of physical education either in Czechoslovakia or in the Kingdom of Serbs, Cro-
ats and Slovenes. Actually, a six-month Sokol school was organized in Prague in the late 
1920s where also Yugoslav Sokols were trained. This training, however, was carried out 
primarily in a civil society manner. On the basis of Sokols’ initiatives, the Yugoslav state 
got involved in solving the problems regarding professionalism in physical education in 
the late 1920s. In June 1927, it introduced a one-year course in physical education for 
physical education teachers in secondary schools. At the same time, Sokols emphasized 
that physical education teachers and professionals in the field of civil physical education 
should study for two years either at university or teacher training short-cycle college until 
a suitable short-cycle college of physical education was established (Pavlin, 2009).

Short-cycle College

On 6 January 1929, King Alexander established a dictatorship and dissolved the parlia-
ment and national and ideological political parties in order to calm a tense political situ-
ation in the country. The Yugoslav Sokols met with King Alexander in March 1929 and 
prepared a memorandum with a law draft dealing with school youth physical education 
and a law draft concerning a physical education military school, which would mean that 
Sokol physical education extended to include the military. They emphasized the gen-
eral need for physical education and claimed that history taught us that great cultures 
prospered as long as physical education was a component part of general education. If 
a country wants to popularize physical education among all strata of the nation, it must 
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take care primarily of professionalism and suitable infrastructure in schools and in the 
army as well as of material and moral support of the Sokol movement, which promotes 
physical education in the civil sphere. The memorandum included a plan for a three-year 
study programme comprising six semesters and 108 theoretical and practical lessons. 
The curriculum included 22 theoretical and practical subjects4 (Memorandum, 1929). At 
the beginning of the 1930s, the Sokol movement, which made an appeal for a school for 
professional staff, was supported by the Association of Sports Associations and by sports 
organizations in general (Stepišnik, 1964). While civil organizations kept demanding and 
emphasizing the need to establish physical education studies, the latter already existed 
in many other countries. Consequently, also some Slovenes went abroad. Drago Ulaga5, 
for example, graduated from the Berlin College of Physical Education in 1930, the same 
holds true of Janko Kavčič (who graduated in 1934), whereas Branko Polič graduated 
from the Warsaw Central Institute of Physical Education in 1934. As a result of numerous 
initiatives, pressures and finally sports achievments at the Olympics and world champion-
ships (i.e., gymnast Leon Štukelj and other Sokols) and probably also as a result of the 
Slavic examples in Czechoslovakia and Poland, the Ministry of Physical Education of the 
Nation finally responded and in 1938, the Short-cycle College of Physical Education was 
established in Belgrade. After the internal political reorganization of the Yugoslav state in 
1939/40, a similar school was established in Zagreb. The activities were also performed  
in Slovenia. Drago Ulaga, a graduate of the Berlin College of Physical Education, pre-
pared plans for the study within the Ljubljana Faculty of Arts shortly before the Second 
World War but the budget debate and the opposition of the Ministry of Finance as well as 
the attack on Yugoslavia in April 1941 and the Second World War caused the initiative to 
founder (Ulaga & Bergant, 1992). 

Post-war restoration

After the liberation and establishment of new communist Yugoslavia and pro-Soviet 
physical culture, there were aspirations in Slovenia as early as October 1945 to establish 
an academy or an institute where physical education could be studied in combination 
with another course of study. Jelica Vazzaz was among the main initiators of physical 
education studies; she was a pre-war Sokol and a student of the Short-cycle College 
in Belgrade, and after the war, she was assistant for physical education at the Ministry 
of Education of the People’s Republic of Slovenia. The demand for staff was great (in 
1946, the physical culture association estimated that around 10,000 professional workers 

4 Practical gym, games, light athletics and sport, fencing, gym systematics and theory, methodology of physi-
cal exercises, history and literature of physical exercises, aesthetics of physical exercises, general pedagogy, 
physics, biology, anatomy and histology with practical classes, anatomy of the appearance of a human being, 
general physiology with practical classes, general and special physiology of physical exercises, general 
hygiene, school hygiene and hygiene of physical exercises, physical development and hygiene in pre-school 
period, anthropometry, orthopaedics, massage and medical exercises, first aid with practical exercises, the 
building and equipment of gyms and gym facilities.

5 Drago Ulaga (1906–2000) was a successful gymnast, member of the catholic Orel association, which awarded 
him a scholarship to study at the end of the 1920s. After graduating in the 1930s, when the Orel already 
disbanded, Ulaga first acted as a coach in the Ilirija sports club, then he was a teacher outside Ljubljana and 
from the mid-1930s on, he worked at the Ministry of Physical Education of the Nation in Belgrade. Before 
the Second World War, he returned to Ljubljana. 
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were needed for a mass activity). As Edvard Kardelj, one of the leading members of the 
Communist Party of Yugoslavia, said in a discussion with athletes in 1947, physical cul-
ture should obtain a new character after the liberation within the framework of general 
transformation of the homeland in the course of a democratic revolution. Kardelj also 
emphasized that liberation fight and revolution were characterized by care for human 
beings and care for well-being of an individual and nation as well as care for a general rise 
in physical culture, since there is no quality life without strengthening of the body, health 
and physical strength of a human being. Correspondingly, physical culture is national and 
humane and strengthens the human body and mind, thus helping an individual to become 
a perfect human being (1st congress of the Physical Culture Association of Yugoslavia, 
1947). In accordance with this, it was emphasized in Slovenia as early as 1946 that it is 
necessary to establish a short-cycle college of physical education within the framework of 
the University of Ljubljana as soon as possible. This institution should educate physical 
education teachers for primary and secondary schools and for short-cycle colleges as well 
as experts for organizations of physical culture and professional education (1st meeting of 
the Physical Culture Association of Slovenia, 1946).

In that period, the politics and the state were preoccupied with solving problems con-
nected with physical education staff and studies according to the state centralist approach, 
the consequence being the establishment of a central state institution in Belgrade which 
was founded on the site of the pre-war Short-cycle College. Thus, in 1946, the State 
Institute of Physical Culture was established in Belgrade and one-year professional 
courses were organized; later on, secondary schools of physical culture were established 
in different republics6. In Slovenia, the Institute of Physical Culture organized a one-year 
theoretical and practical course in the 1946/47 school year which was supposed to provide 
a new “figure of a physical culture teacher, figure of an instructor who should also excel 
in practical knowledge”, since “mastering practice sufficiently … creates conditions for 
higher-level professional studies”. Consequently, a future broadly educated physical cul-
ture teacher will not be “a mere expert but also a herald of a new, healthy way of life” as 
well as an educator (Ulaga, 1947). After that secondary schools of physical culture were 
organized (1947/48) following the centralist physical culture guidelines, and the grammar 
school graduates pursued studies in Belgrade. One of the reasons for subjecting to the 
state centralist model of physical education studies was the fear that there would not be 
enough graduates of grammar schools and other graduates to enrol on several short-cycle 
colleges of physical education, since the needs in other academic areas were much higher. 
On the other hand, the secondary school system and the school system in general were 
undergoing restoration as well as political and ideological changes in the decade follow-
ing the Second World War (Okoliš, 2009; Treatise of the College of Physical Education). 
Despite this, we can agree with Stepišnik that “the first physical culture school was born 
in Slovenia” with the establishment of secondary schools of physical culture. Although 
this school was not a short-cycle college, it was a “foundation for the future”, since the 
teaching staff consisted of teachers employed on a permanent basis. In 1950, the school 
came under administrative control of the Ministry of Education (Stepišnik, 1964, p. 9).

6 As opposed to old centralist Yugoslavia, new Yugoslavia was a union of republics: Slovenia, Croatia, Serbia, 
Bosnia and Herzegovina, Montenegro and Macedonia. 
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Organization of the College

The 1950s represented a new turning point, since these were the post-Cominform years 
and the years of establishing an autonomous socialist political model typical of Yugosla-
via and years of radical reorganization in the area of state schools which also included the 
question of education of teaching staff. The proposals for the education level of teachers 
teaching in new uniform eight-year primary schools and four-year secondary schools 
including grammar schools ranged from a two-year to four-year teacher-training college. 
The Slovene proposal supported the point of view that future teachers should pursue 
a four-year course of study, but the introduction of two-degree studies resulted in the title 
of a teacher and professor (Gabrič, 1992). At the same time, the professional staff still 
needed the physical culture area and the staff educated within the system of courses. In 
the 1950s, the problems connected with the physical education staff coincided with school 
reformism and state and political decentralization. As a result, the physical education 
study model characterized by the state centralism was abandoned and transformed to the 
level of the republics. At the beginning of the 1950s, the committee for physical education 
of the Council for Education and Culture of the People’s Republic of Slovenia analysed 
the situation in the field of physical education and found out that there was a shortage of 
physical education teachers. That is why it proposed the establishment of an independent 
college of physical education where physical education could be studied in combination 
with another course of study. In February 1953, the plan was presented at the University 
of Ljubljana and an agreement was reached with the University. Then the Council for 
Education and Culture decided to establish the Institute of Physical Education in Lju-
bljana in November 1953 as a transitional stage. The Institute carried out a three-year 
course of study ending with a short-cycle college degree. In the middle of March 1956, 
the Institute was renamed Short-cycle College of Physical Education. The Institute and 
later the Short-cycle College accepted candidates who finished grammar school or passed 
a school-leaving exam at a secondary technical school. The candidates also had to pass the 
entrance examination and go for a medical check-up. Although the school was officially 
a short-cycle college, the studies lasted for 6 semesters and the curriculum consisted of 
the subjects from four subject areas: social sciences and humanities, medicine, physical 
education and methodology as well as practice. As far as the professional orientation is 
concerned, the Institute and the Short-cycle College supplemented the theory of physical 
exercises with the systematization according to the physiological effect of exercises, with 
the emphasis of exercises that originated from man’s and social needs and not from the 
interests of organizations, thus widening the social usefulness of activities as opposed 
to that of the Sokol and nation. Interestingly, the heritage criticism did not mention the 
Sokol movement but emphasized that the Short-cycle College fought against the heritage 
of German formalism (Spiess’s formalism) as well as “for the fact that the primary aim is 
training for work rather than artistry – and the normal place for taking exercises is nature 
rather than an indoor place: a playground in the open air, a meadow, forest, water, snow”. 
The criterion for judging new findings was “their scientific correctness and usefulness 
for man and society” (a new branch of science, a predecessor of kinesiology, was devel-
oped at the Institute of Sports Medicine, which was established at the same time). The 
method of work with the school youth focussed on “concrete aims of physical education: 
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biological and medical, learning, educational and recreational aims”. The research work 
in the field of methodology of physical exercise, however, showed that “in particular age 
groups … it is necessary to develop human creative powers” through various motor tasks 
instead of stylized exercises (Report 1958/59, p. 10). 

Between 1953 and 1958, 152 full-time and 37 part-time students enrolled on the study 
and the enrolment figures were not satisfactory. The education gained and the occupation 
of a physical education teacher were not stimulating regarding the length of the study, 
since the same title was obtained by the graduates of the short-cycle teacher training 
college following a two-year study, while the students studying at the faculties whose 
study was only one year longer obtained the title of a professor. For the candidates, an 
increasingly disturbing fact was that the three-year short-cycle college did not develop 
into a four-year college as planned and as students expected on the basis of promises 
(Report 1958/59). Consequently, the Committee for Physical Culture at the Executive 
Council of the People’s Republic of Slovenia discussed staff problems at the end of June 
1958 and approved the proposal to establish a college. In 1959, a special expert group 
prepared a draft law. In spring 1960, this draft was authorized by politicians and experts 
(from the Partizan7 movement and sports associations) and submitted to the parliament 
for consideration. At its session on 24 June 1960, the parliament approved the establish-
ment of the specialist College of Physical Culture (CPC) with a two-degree programme 
for the education of physical education teachers and professors as well as staff needed in 
physical culture organizations. The organizational and study basis for this course of study 
was the existing Short-cycle College with its teaching staff (Stepišnik, 1964).

In autumn 1960/61, the first generation enrolled on the CPC. The CPC curriculum was 
based on the pedagogical and scientific logic of its predecessors and on four subject and 
expert groups that developed into the departments8 (CPC Statute).

In 1975, the CPC became member of the University of Ljubljana and in 1982 on the 
basis of a quality pedagogic and scientific development, it instigated a procedure for 
the transition into a faculty and its resulting renaming, i.e., Faculty of Physical Culture. 
In March 1982, the University Council of the University of Ljubljana permitted the 

7 The Partizan movement was actually a successor to the Sokol movement. When the physical culture model 
was abandoned after the Comintern in 1948, the gymnasts again organized themselves independently and at 
the general meeting in November 1951, they proposed the old name Sokol. The proposal was rejected, the  
reason being that in central and southern Yugoslavia, the majority of the Sokol members either joined  
the Chetnik movement or the Yugoslav royal army or supported fight against partisans following the Nazi 
and Fascist occupation in 1941. On the contrary, in Slovenia, the Sokol movement was the founding group 
of the Liberation Front. To avoid the post-war confrontation, the name Partizan (i.e., partisan) was proposed, 
since the Second World War and the partisan liberation of Yugoslavia made the partisan “a symbol of hero-
ism, self-sacrifice, altruism, comradeship and love of one’s country and freedom, so that the name of a mass 
gymnastic organization will imply the greatest possible honour and pride, since it is this organization together 
with the Veterans Association that should continue with the bright educational traditions … of the national 
liberation fight among its members.”

8 The curriculum consisted of “social sciences” with the subjects the basics of social sciences, history of 
physical culture, organization of physical culture, general and youth psychology, sports and work psychol-
ogy, pedagogy, foreign language, building of sports facilities, “biological sciences” with anatomy, physiology, 
injuries and first aid, biology, hygiene, massage and preventive gymnastics, subjects dealing with theory 
and methodology of physical education (theory of physical education, methodology with teaching practice, 
biomechanics of physical exercises, recreation) and practical part containing athletics, sports games, martial 
arts, elemental games, swimming, gymnastics, rhythmic gymnastics, dances and gym routines, skiing, moun-
taineering, rowing. 
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development into a faculty on the basis of the assessment of the past development and 
reputation in Yugoslavia as well as in Europe (CPC, 1982). In 1990, the Faculty was 
renamed the Faculty of Sport. 
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ABSTRACT

This paper deals with the topic of corporate identity in sports. The main objective of this 
paper is to present new views, trends and tools in building a desirable image for sports 
organizations using corporate identity tools, including some selected areas relating to the 
brand. The main points of this paper include corporate design, communication, culture 
and sports organizations’ product. These tools are all linked and transformed into the 
creation of a cool brand for a new generation of athletes and consumers – the so-called 
Generation Y of sports. This group is becoming a new economically important group for 
many companies in sports, as well as many sports organizations. The Sports industry is 
heavily dependent on the new generation of athletes in all performance levels, and sport 
fans. Therefore, it is necessary to constantly be innovating new corporate identity tools 
with a focus on the sports area.

Keywords: corporate identity; brand; Generation Y; sport organizations; image

INTRODUCTION

In the new millennium, marketing has been a dynamically changing sector, where those 
who are successful are the people who can adapt to these conditions adequately, or change 
them with new creative ideas, procedures, tools and methods. This trend is also visible 
within the sports environment. There is an apparent increasing power and influence on the 
sports market of the new consumer generation, sport companies customers, sportspeople 
and other interest groups in the sports environment; such as fans, spectators, volunteers, 
club members etc. This generation had grown up in a colourful marketing environment 
(Yarrow & O’Donnell, 2009; Van den Bergh & Behrer, 2012) and they are therefore more 
or less immune to the classical marketing tools and consequently very critical towards 
them. This new generation is also called “Generation Y” (Bush, Martin, & Bush, 2004; 
Manpower study, 2007; McCrindle, 2009; Van den Bergh & Behrer, 2012; Vysekalová, 
2011; Yarrow & O’Donnell, 2009). A sports environment offers this generation a big 
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amount of possibilities how to spend their free time, how to have unique experiences, how 
to evoke strong emotions, and how to tell famous stories. For different sports organiza-
tions there has been development of a highly competitive environment where they fight 
for keeping current members and are engaging new ones from target groups labelled “cus-
tomers”. Sports organizations must constantly come up with new solutions to attract their 
target groups to differ from competition and to be unique, special, original and attractive. 
In this respect there is importance in creating a strong brand, which has its own clear 
identity, and is somehow specific (Quart, 2003; Van den Bergh & Behrer, 2012). It is the 
corporate identity that sports organisations should focus on in their marketing activity 
to support and fulfil their aims (Voráček, 2012). Sports organizations will no longer be 
only “empty” providers of a sports product. The new generations of people do not want 
to satisfy their basic needs by being connected with the basic form of a product offered 
any more (Wells, 2011; Quart, 2003; Van den Bergh & Behrer, 2012). Generation Y is 
searching for more than just physical exercise and activities, sport performance, sports 
equipment etc. within a sports product. The main aspect for attractive sports products are 
entertainment, excitement, experience, emotions, story, freedom and sharing these aspect 
with friends. It is therefore appropriate to link these aspects with a sports organizations’ 
brand and its overall perceived image through the use of corporate identity tools. They 
increase the chance to make the sports organization interesting and attractive for the 
younger generation.

Due to a strong tendency to share everything with friends, each satisfied and enthusias-
tic customer from Generation Y is a bearer and propagator of an organization’s image and 
this contributes to and supports the PR activity of the specific sports organization. This 
oral communication among people, (also known as: “word-of-mouth”, oral propaganda, 
grapevine, one lady says etc.) or a recommendation or not to a friend, has currently shown 
as the trustworthiest source of information for new customers (Van den Bergh & Behrer, 
2013) which, is entirely for free. This contribution is focused on new trends in the sports 
organisations corporate identity creation aimed at the new consumer generation of sport 
products.

This article shows the differences and characteristics of Generation Y and also shows 
the brand new model (CRUSH) developed by Van den Bergh and Behrer (2012) on the 
basis of many researches on Generation Y. This CRUSH model is then applied into a sport 
environment, and sports organisations by the author of this article.

METHODS

This paper is not typically a research paper, but it is theoretical concept developed by the 
author of the article. Because of that, the basic method for this paper is analysis of litera-
ture resources, especially one – Van den Bergh and Behrer (2012, 2013). These authors 
developed the CRUSH model. 
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Generation Y

The so-called Generation Y has already been mentioned in the introduction – it is there-
fore essential to give the basic characteristic of this segment and how it is classified. This 
generation has not been clearly classified yet. However, it consists of individuals born in 
the 80s or the 90s of the 20th century. Bush, Martin and Bush (2004) claim that Genera-
tion Y is described as anybody born between 1977 and 1994. The Manpower study (2007) 
according to Morgan shows the generational division of Generation Y, are individuals 
born between 1976 and 1990. McCrindle (2009) presents in his study, the ABS Census, 
a source that defines Generation Y, as those who are born between 1982 and 2000. It is 
therefore a generation of young people who are getting into or have already reached the 
highly productive age. Van den Bergh and Behrer (2012) state several important charac-
teristics of this generation in relation to a brand creation:
–  Members of Generation Y are addicted to stimulation. Their favourite trendy brands 

appeal to their individual control and immediate satisfaction.
–  Generation Y uses technologies to build a social life, never vice versa. 
–  For them content is the social currency number one.
–  Friends are the filter of relevance through which the members of Generation Y per-

ceive the brands messages. Trendy brands use social media and communicate equally 
with everybody – they do not dictate but engage young people while offering them 
control. 

–  Members of Generation Y have a higher confidence in people and social contacts.
–  As a result of mamahotels and boomerang returns the members of Generation Y have 

a higher influence on family purchases. 
–  Members of Generation Y choose and mix the right pieces for the real moment and 

purpose. Brands should take care of this range of opportunities and needs and offer 
a possibility of choice.

–  Attraction to brands and identification with them is being created in adolescence in 
connection with brain development.

–  This consumer generation is looking for basic brands which can offer stability, har-
mony and authenticity.

Vysekalová (2011) characterises Generation Y in the following words:
–  Generation Y have been growing up surrounded by modern technologies that are, 

unlike older generations, natural for them. The world is for these people accessible 
with “one mouse click”.

–  They are spoilt children of loving parents, born in a quiet time. They are confident, 
used to express their opinions also on products about which they discuss on various 
internet forums. 

–  High flexibility is typical for them which projects into all spheres of life. As customers 
they are demanding and want the goods to be accessible anytime and anywhere they 
need. 

–  They are different from previous generations. They perceive more incentives at once, 
listen to music, browse internet websites and discuss things with friends at the same 
time. They perceive visual incentives more and prefer complex information.
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–  Social bonds are important for them as well, just as life in a community. Thanks to the 
internet and social networks they keep these bonds. Peers opinions and the “Word-Of-
Mouth” communication are important aspects while choosing products.

–  Questions of ecology become more significant. They are sensitive to environmental 
problems.

–  This generation is characterized by its higher loyalty to brands they share with their 
peers. Not only do they buy a product with a brand but also the overall company 
image.

The demonstrations and characteristics mentioned are necessary to be considered 
also within a sports environment, where self-realisation and self-expression not only of 
members of this generation, are visible through sport performance and the behaviour 
while doing it. The following tools of corporate identity in sports are adapted to the above 
mentioned Generation Y. 

Corporate identity in sport

Despite the fact that the vast majority of sports organizations in the Czech Republic 
are nonprofit (only professional football clubs and ice-hockey clubs are the profit sport 
organisations), it is necessary to realise and implement marketing principles typical of 
a profit sector. Marketing oriented management is also connected with corporate identity 
creation, which is then closely connected with establishing a brand. The basic tools of 
a sports organizations corporate identity are: specific corporate design, communication, 
culture and obviously the very product, which is the core of the organization activity. 
Using these tools reflect significantly on the image which is very important in relation 
to the above mentioned Generation Y. Before mentioning new approaches and trends in 
individual parts of corporate identity, one must not omit one major initial aspect of sports 
organizations, their corporate philosophy. Corporate philosophy, expressed by a motto, 
mission, credo or vision, is always rooted in sports organisations statutes (if it is a civilian 
association), or in another founding document. This is usually one reference. Therefore 
there comes the main task for sports organizations chairpeople and leaders to compose 
this philosophy into the above mentioned corporate identity tools. This is the only way to 
create a unified, unique and original sports brand focused on the young generation of the 
sports oriented public.

The main solution to the effective creation of corporate identity focused on Genera-
tion Y is implementation of the CRUSH model by Van den Bergh and Behrer (2012) on 
the corporate identity system of sports organizations as it is mentioned by Voráček (2012). 
This implementation is illustrated in picture 1.1. CRUSH model includes the following 
5 aspects – cool, real, unique, self-identification and happiness.
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Figure 1. Implementation of the CRUSH model on the corporate identity sports organisations system

Very problematic in this model is the cool aspect. According to the authors of this model, 
Van den Bergh and Behrer (2012), the basic archetypes of what cool is are these:
–  Be trendy
–  High status
–  Clean reputation
–  Success
–  Creativity
–  Be entertaining, funny
–  Cheerful
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–  Own style
–  Changes a lot
–  Luxury
–  Clear opinion, posture or position
–  Contemporary
–  Honesty
–  Retro
–  Attractiveness
–  Originality
–  Popularity

However, which archetype a member of the Generation Y deems cool in a specific situ-
ation is, mostly determined by friends, television or music industry. In the sports environ-
ment it can be expected a high influence of sports personalities and events that generally 
belong to the least significant aspects.

The next aspect of the CRUSH model is real (authenticity). For Generation Y Van den 
Bergh and Behrer (2013) show these meanings and advice for keeping the brand real:
–  Don’t underestimate the power of face-to-face personal contact with Gen Y.
–  Brand origin, history and heritage are often not relevant or even not credible for the 

critical youth.
–  This classic interpretation of authenticity should never be shouted (no mass media) but 

only be whispered and even better: be experienced.
–  Authenticity is all about staying true to yourself; not imitating, not faking.
–  Keep your brand’s vision central but reinterpret the meaning of your brand following 

changes in tastes, interests or values.
–  Honesty means more for a brand than Corporate Social Responsibility programmes or 

“not lying”; it’s about being respectful to youth and youth’s life, about listening and 
discussing with them on the same level, and about sticking to your own ideas.

–  Real brands are transparent, open and human: like a friend.

Unique is the third aspect of the CRUSH model. Everyone wants to have something 
unique, especially the Generation Y. To mark (sports organization) unique, it should prove 
to find answers to questions that generation Y in relation to this aspect puts according to 
Van den Bergh and Behrer (2013):
–  Who are you?
–  What is your unique brand DNA; your identity that makes you stand out from competi-

tion?
–  What are you?
–  What “brand meaning” do you offer me?
–  What’s your brand vision?
–  What do I have in common with the brand?
–  What do I feel about you?
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Self-identification of consumer with brand (sport organisation) is the one of the main 
ways to gain brand loyalty consumers. To increase the aspect of self-identification 
includes according to Van den Bergh and Behrer (2013) these activities and facts:
–  Identification of tribes, that are relevant for brand positioning.
–  Reflection of the passions and interests of selected tribes.
–  Consideration Gen Yers as partners in marketing and product design.
–  Screaming about that are related to your DNA and facilitate existing passions.
–  Showing every day how the brand’s vision is related to these passions.
–  There’s a close fit between online and offline identities of youth. “You are who you 

know” is not only reflected in friending but also in brand fandom on social networks.
The last but not least aspect of the CRUSH model is happiness. According to Van den 

Bergh and Behrer (2013), happiness seems to be the emotion that has the largest impact 
on brand leverage. The right ways to tap into emotional branding are connecting with 
and arousing positive emotions or taking away negative ones. Van den Bergh and Behrer 
(2013) also state:
–  By addressing youth’s senses, especially scent, sound and design, a brand puts EQ 

(emotional quotient) in its offer to Generation Y.
–  Gratifications are challenging experiences fuelled by gamification, through different 

touch points (in-store, online, mobile or at events) that require one’s full attention and 
socially connect Gen Yers to peers.

Corporate design
Generation Y, as it has already been mentioned, perceives more visual incentives and is 
therefore important to aim their attention to all the details of visual elements of sports 
organizations corporate design. Some of these elements according to Voráček (2012) are:
–  Name of the sports organization, team, club
–  Logo as an identification mark
–  Colours of team, club 
–  Printed material
–  Merchandising products
–  Interior and labelling buildings, stadium, arenas, motorhomes, fanshops and other 

sport facilities
–  Clothes of the organization, club, team members
–  Sports equipment
–  Means of transport and other technical equipment
–  Official websites and other online presentations of the organization, team, club
–  Events visual elements
–  Expositions on exhibitions and tradefairs 
–  Sponsorship

Each of these elements should be based on the already mentioned sports organiza-
tion’s philosophy and history. This way the deeper meaning of the design used is sup-
ported. Companies in the profit sector innovate their brand design continuously and sports 
organizations may not overlook new design trends either. In relation to the basic theoretic 
concept, the visual incentives for the Generation Y remain to be cool and unique. One of 
the most precise examples of a successful corporate design in sports in the Czech Republic 
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is the Olympic collection of the Czech athletes at summer Olympics in London 2012 and 
also the Czech House. A well-done design will afterwards reflect on another factor, which 
is happiness that in this meaning includes evoking positive emotions and surprise. Even 
design can be emotional and surprising as it was visible within those examples mentioned. 

Corporate communication
Sports organisations have currently focused heavily on the external communication with 
the public, mainly through massmedia. However, the current sports public has already 
gotten used to the strategically driven and controlled communication by the sports 
organizations; whether it be clubs, unions, or individual athletes. In this respect there 
was one illustration visible in 2012 showing how media are told only the stuff required 
within a sports organization. This moment happened during a Czech representation press 
conference where the manager was overheard telling the coach how to answer individual 
questions. However, this will not be acceptable in the future from the point of view of 
corporate communication. External communication will become less and less significant 
and valuable. The result will be clear, characteristic, typical and authentic in style of com-
munication. On the contrary, the meaning of internal communication will grow focused 
on sports organization members who are the important and loyal bearers of the organiza-
tion image. 

All elements of the CRUSH model play a significant role during the sports organiza-
tions communication and mostly in between athletes. The first three (cool, authenticity, 
uniqueness) are typical of this part of external communication. Sports environment are 
nowadays full of special personalities, athletes, coaches, managers etc. However, a lot of 
them underestimate the significance and importance of being cool, authentic and unique. 
The future sports public will accept exceptionally striking sport personalities who are 
somehow unique. Therefore, sports organizations should put an effort on the personal 
approach and their own way of communication characteristic for a specific organization, 
athletes or their members. A good example can be Jaromir Jagr, who is typical for him 
being on first-name terms, good relationship with media representatives and frequent 
humour during an interview. In this way he fulfils those three aspects – his is cool, real 
and authentic, also special and unique. The aim for other sports organizations and their 
members are not copying his style but have their own style and way of communication 
with interest groups in the area of sports.

Other significant factors related to authenticity, which are going to become more and 
more important for communication with the sports public are: 
–  Transparency
–  Confidence
–  Honesty

If this is fulfilled during communication, it highly contributes to the growth and sup-
port of a specific sports organization and to the athlete’s authenticity. Media, are in this 
respect, strong, in that they can either support this authenticity, or damage it very severely. 
As an example it is appropriate to mention the cyclist Lance Armstrong who confessed to 
doping. Obviously his brand including the foundation he established were heavily dam-
aged, however, this may be a very good stepping stone for an even bigger strengthening 
of his identity and brand. Because this confession, with respect to the above-mentioned 
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honesty, transparency and confidence, he could use this as a base for creating his brand 
for fighting against doping in sports. 

The future of corporate identity in sports can be seen in the strength of life and sports 
stories which, thanks to their characteristics are created by the sports themself. Neverthe-
less, it will be only up to the sports organizations and athletes about how they share their 
stories with the sports public. Stories have the specific characteristic that they can evoke 
very strong emotions and therefore support the aspect of happiness (or other emotions 
such as sadness, surprise, sympathy etc.) They can also involve the sports public into the 
story itself, which corresponds with the aspect of identification with the brand. Sports 
are such a colourful area that each sports result of each sportsperson bears a potential 
life story which is necessary to be told to support their specific identity. Good examples 
are the stories of significant Czech successes – the fairytale about the last javelin throw  
of the javelin thrower Barbora Spotakova at the Olympics in Beijing 2008 or the story of 
Czech hockey players in Nagano 1998 etc. There can obviously be found many examples, 
however, the perspective for the future is sharing this emotive content and background 
after each significant sports performance.

Other important areas of corporate communication are internal interest groups, mainly 
sports organizations members. They are those who will become the most important during 
the creation of the organization’s image. The membership base for sport unions, club and 
sporting associations is one of the income sources for these sports organizations. These 
members are not tied with a contract or a condition on which information they can say 
to the surrounding environment. Especially, in the period of time of social networks and 
mobile devices enabling a constant contact and sharing information with friends, the right 
communication is the base for keeping up the desirable organization reputation.

In communication with internal interest groups there are obviously the same com-
munications with the external environment. It is therefore essential to stay transparent, 
keep confidence and stay honest. This can be quite well ensured via open, detailed com-
munication with all members about how everything is happening within the organization. 
Thanks to the tools such as various social networks and email, any information can be 
easily transmitted to all sports organization members. Higher and higher pressure is on 
the mutuality of communication. Future communication in sports organizations should be 
based on sharing all information with all members.

Corporate product
Higher and higher influence of sports organization members on the invididual sports 
product creation will be increasing. Participation on the content of the organizations 
sports activity is more and more relevant with respect to the extending possibilities for 
the new generation of future sportspeople. The possibility of participation supports the 
idea of identifying with the brand. The bond of members to the sports organizations will 
be much higher. The probability of a product evoking positive experiences, emotions, 
entertainment and happiness in sports organization members is much higher. This aspect 
is currently an important initiator of sports organizations members’ behaviour.
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Corporate culture
Another significant trend is a bigger need to share sports organization’s values, transmis-
sion and mainly their advancing and obeying. In this respect the most important person is 
the organization leader who is the main bearer of these values. These values should cor-
respond with the main message and the sports organization’s vision. The vast majority of 
the sports public does not even know the basic values and messages of their sport organi-
zation whose members they are. Corporate culture on the level of a sports organization is 
quite specific and shows certain positive aspects but is often unrealized and uncontrolled. 
Here it is necessary to think about all five aspect of the CRUSH model – cool, real, 
unique, self-identification, happiness. It is necessary to engage the sports organizations 
members to all aspects of corporate culture, which are symbols (that are also related to 
the above mentioned design), rituals, heroes and values. Sharing their opinions while 
creating and keeping the culture in the organization is the cornerstone for the success at 
Generation Y.

CONCLUSION

Generation Y has currently become the main target group for sports organizations and 
therefore it is necessary to get to know it perfectly and use this knowledge as a base during 
marketing management for a specific sport subject. It includes completely different, inno-
vative tools, mostly with the usage of technological innovations. To create corporate iden-
tity that will be respected and positively accepted by this very generation. It is necessary 
to approach individual tools more creatively and more originally than ever before, mostly 
with respect to corporate design creations which must be modern (even with emphasis on 
tradition and history). It is characteristic for Generation Y, within the area of sports and 
sports brand creation and its identity, to use all technical tools enabling them to be constant-
ly in contact with their social group. This case refers to their friends and other members of 
sports clubs and organizations. With that said, it is possible to share sport performances, 
experiences, emotions, tensions, stories and surprise that sport environment can offer. 
Another important solution is the openness, transparency, honesty and trustworthiness 
of communication among these young athletes, spectators, fans and sport club members. 

Generation Y also highly appreciates their participation in the sport product creation, 
which obviously includes a whole range of possibilities related to sports, or other areas; e.g. 
music. This engagement can enable members of sports clubs, organizations and athletes to 
identify themselves with a certain brand and its identity by which a stronger connection and 
potentionally higher loyalty are created. This will obviously be shown on the overall image 
of the sports organization. By the help of the above-mentioned points, there is established 
a completely unique (conscious or unconscious) culture in sports organizations where eve-
rybody shares the same values. This is a very important fact for sports organizations because 
there is the team spirit in sports and team work is an inseparable, not only of sports success. 
It is necessary to conclude that supervisors, chairpeople and leaders of sports organiza-
tions should realize that for the Generation Y in regards to sports (traditional, but also new, 
freestyle, extreme etc.) within these CRUSH model aspects are important – be cool, real, 
unique, enable and support self-identification and emphasize and provide happiness.
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One example of the new and modern corporate identity of sport organisation, focused to 
Generation Y according to author of this article, could be the Czech Olympic Committee. 
Design of the last three Olympic collections for Czech athletes, made by AlpinePro was 
considered successful, original and unique. Communication is actually transparent, quick, 
with use of modern technologies (mobile application) and social networks. Also the prod-
ucts especially Czech Olympic House in London 2012 and Czech Olympic Park in Prague 
2014, includes all the aspects of corporate identity, including culture, for Generation Y. Of 
course nothing is perfect, but this example shows, that sport organization can be cool, real, 
unique and increase self-identification and happiness of the new generation of consumers, 
Generation Y. At the end it is appropriate to use the claim of one of the marketing com-
munication strategy of Czech Olympic Team: “New generation brings new achievements”.
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ABSTRACT

Noninvasive imagining of the knee meniscus without the use of the contrast agents is 
more difficult compared to articular cartilage. Despite the lower signal intensity of the 
knee meniscus, MRI is considered the best non-invasive imaging method. Thanks to the 
lower water content in the meniscus compared to the surrounding tissues, it can be dis-
tinguished from the environment, but the determination of the boundaries is more com-
plicated than in articular cartilage. There are many studies dealing with the MR imaging 
of the loaded and also unloaded knee, but they have mainly observed quantitative and 
geometric changes (movement or deformation of tissue), not targeted qualitative changes 
in the extracellular matrix (ECM). These changes can be evaluated with T2 relaxation 
times, which are more sensitive to the interaction of water molecules and the concentra-
tion of macromolecules and structures of the ECM, especially in the interaction based 
on the content, orientation and anisotropy of collagen fibers. Fluid and tissues with the 
higher water content level have long relaxation time T2. In the healthy meniscus these 
times are shorter; the reason is a highly organized structure of collagen and lower content 
of proteoglycans. To quantitatively detect changes, it is necessary to assure a sufficiently 
high resolution of images throughout choosing appropriate pulse sequences. After that, 
the acquired data can be processed to produce the T2 maps, to portray non-invasive 
collagen content, architecture of the ROI, changes in the water content (distribution of 
interstitial water in the solid matrix) and the spatial variation in depth. The aim of this 
work is firstly to introduce the meaning of T2 relaxation and methods for calculating T2 
relaxation times. Further, the aim of this work is to give a brief description of the current 
pulse sequences used to display menisci.

Keywords: segmentation; T2 relaxation time evaluating; T2 mapping
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INTRODUCTION

Meniscus is a structure carrying out several functions in the knee joint. It performs load 
bearing and so prevents direct contact of the cartilaginous ends of the femur and tibia, 
reduces stress on the articular cartilage, decomposes evenly pressure on the contact sur-
faces of cartilages, absorbs shocks and controls external and internal rotation of the tibia. 
Therefore, it is considered to be a secondary knee stabilizer. Meniscus is a complex hyper-
viscoelastic biomaterial. Its stiffness is ensured by hydrophilic elements. Their content 
in meniscus compared to articular cartilage is lower. The permeability of meniscus is 
affected by the amount, type and arrangement of collagen fibers, mainly represented by 
the type I. This type of fibers is mechanically much stiffer, able to withstand tension but it 
has low compressive, flexural and torsional stiffness compared to collagen type II (found 
eg. in articular cartilage) (Bae, Du, Bydder, & Chung, 2010). That is why meniscus is 
able to maintain its volume relatively well and shows significant changes of its thickness. 
Loaded meniscus expands sideways, thus covers still larger area of tibial plateau.

Due to the intra characteristics of the knee joint, the ability to view changes directly 
in its original position is highly problematic. Magnetic resonance imagining (MRI), an 
imaging method allowing displaying pathological changes in the human body, is despite 
the lower signal intensity of the meniscus considered the best non-invasive imaging 
method (Braun & Gold, 2012). The MR image is formed by the signals from hydrogen 
protons in water bound to the tissue. The contrast in the MR image depends mainly on the 
tissue water concentration and its T1 and T2 relaxation times. T1 and T2 relaxation times 
are influenced by the interaction of the water protons with their surrounding and with each 
other, respectively, and therefore reflect tissue structure. The values of T1 and T2 times 
depend on the strength of the magnetic field, e.g. the transition from 1.5 T scanner to 3 T 
reduce the T2 time to 85% (Stanisz et al., 2005, in Tintera, 2008).

PURPOSE

The aim of this paper is to firstly introduce the basics of MR imaging methods and sec-
ondly, to create a brief overview of the current articles dealing with non-invasive imag-
ing of menisci in vivo using MR scanner and using T2 relaxation times to determine the 
changes in the meniscus. 

METHODS

Basic MR imaging measurement sequences and their parameters

Given T1,T2 relaxation times and the concentration of water molecules in the tissue the 
resulting MR image is highly influenced by type, timing and parameters of the selected 
measurement sequence (it should be noted that also other tissue parameters such as diffusion 
or flow influence MR image). Sequence parameters control the image contrast, intensity and 
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resolution. The most common measurement sequences and dedicated sequences for knee 
imaging are briefly described below.

Most important parameters of MR imaging sequences

A MR imaging sequence consists of a set of radio-frequency pulses and magnetic field 
gradients. The selection of the sequence depends on the measured body part and the par-
ticular diagnostic question. Sequence parameters control the image contrast, intensity and 
resolution, therefore, their adjustment plays an important role. Most important parameters 
of the MR imaging sequence are explained below.

Repetition time (TR) – the time between two consecutive excitation RF pulses. It controls 
the degree of the image T1 weighting and influences the acquisition time.

Echo time (TE) – the time between the excitation (90°) pulse and the time of the echo 
occurrence. It controls the degree of T2 weighting. The shorter the time is, the higher 
the intensity of the echo. However, too short TE causes a loss in the image T2 contrast 
because tissue T2 curves are too close together. On the contrary, if TE is very long, the 
echo signal is very weak and the signal to noise decreases.

Field of view (FOV) – represents an imaged area that contains a volume of interest. It 
is defined as two-or three-dimensional size of the image. With smaller FOV the higher 
resolution is achieved, however, at the expense of the lower measured signal. The correct 
choice of the field is important for MR image quality.

Image (acquisition) matrix and resolution – the MRI image is composed of pixels repre-
senting signals from tissue volume elements (voxels). The acquisition matrix determines 
in how many voxels the FOV is divided and, therefore, influences image resolution. 
Image resolution is of high importance for correct interpretation of MR images. Menis-
cus, tendons and ligaments have very short T2 times and usually occur in the standard 
MR image like black areas, which may cause difficulties while evaluating the results. 
For a reliable in-time diagnosis of lesions ultra structural morphological composition of 
fibrous tissue high resolution images are essential.

Slice gap (slice spacing) – a distance between two neighboring slices. By reducing the 
distance between slices it is possible to achieve more precise rendering of the imaged area.

Acquisition time – the time required to gain data from the scanned FOV. This time is 
restricted due to the patient comfort as well as possible motion artifacts. Acquisition time 
depends on number of parameters as mentioned before.

Field strength – the strength of the external magnetic field. Scanners can be divided 
according to the field strength into three groups: low field (0.15 to 1.0 T), medium field 
(1.0 to 2.0 T) and high field (2.0 to 7.0 T) scanners. The optimal field strength depends 
on the application. As reported by Tintera (2008) “high field systems enable to improve 
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spatial resolution and fast dynamic examination. On the other hand devices with a weaker 
field have better tissue contrast. To display cartilage, there has not been demonstrated 
a clear clinical benefit of field 3 T yet. If the extremely high resolution is required, the 
time of measurement (without parallel techniques) with no deterioration in quality at  
3 T field is about a half compared to 1.5 T for certain sequences.”

Open MR devices were developed to monitor tissue in the natural physiological con-
ditions. The devices have magnetic field of lower strength (0.6 T), and so lower image 
quality and longer acquisition time.

Description of the selected MR imaging sequences

Spin echo sequence, calculation of T2 relaxation time
One of the fundamental pulse sequences used in the magnetic resonance imaging is spin 
echo sequence (SE) that enables the acquisition of T1, T2 and PD weighted images. The 
sequence is composed of 90° and the subsequent 180° refocused pulses (Figure 1). 

Figure 1. SE sequence consisting of 90° pulse and the subsequent 180° pulse. Figure edited from 
Fieremans (2009) and subsequently adapted

After the 90° excitation pulse individual protons begin to lose phase coherence by the 
effect of local inhomogeneities (also called T2* relaxation), resulting in a decrease 
of transversal magnetization. After some time (TE/2) another, so called refocusing 
(180°) pulse follows. This pulse causes that the protons start performing the move-
ment with the same precession frequency but in the opposite direction than it was 
carried before the pulse. As a result, after the period of time equal to TE/2, the protons 
will be re-phased and restore transversal magnetization. A strong signal which can be 
detected by the receiver coil at this moment is known as the spin echo (SE). It should 
be noted that the resulting SE signal is compensated for signal dephasing caused by 
the external magnetic field inhomogeneity (T2*), however, it is not compensated for 
T2 relaxation.
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In so called multi spin echo sequences several 180° pulses can be employed and 
multiple echoes recorded. This process can be repeated until the signal decays due to T2 
relaxation to zero. The decay of the echo signal S(TE) is exponential as follows 
S(TE) = S(0) * exp (−TE/T2).
Therefore, the acquisition of multiple echoes and the evaluation of measured signals 
enables the calculation of the T2 time. The calculation is usually performed by the mini-
mization of the square root difference between the measured echo signals and the model 
function 
S(TE) = A * exp (−TE/T2) + B
using Levenberg-Marquardt algorithm.

Figure 2. The T2 curve created as a result of the pulse sequence 90°–180°–180°–180°. It shows that 
the individual echoes are getting gradually lower signal intensity

Turbo spin echo or Fast spin echo (TSE, FSE) – TSE is a modification of the multiple 
spin echo sequence when the phase encoding gradients are changed for each echo. In 
this manner the acquisition time can be significantly reduced. This is the reason why 
these sequences have almost replaced the conventional T2-weighted SE sequences. In 
T2-weighted TSE images the water and fat appear highly intense.

Gradient echo (GE) – in the gradient echo pulse sequence an additional magnetic field 
gradient is added to the existing external magnetic field for a very short time. This results 
in a controlled increase of magnetic field inhomogeneity and a faster decay of the trans-
verse magnetization. After the time TE/2 the polarity of the gradient is reversed. After the 
next time interval TE/2 an echo, this time called a gradient echo can be observed. GE is 
similar to the spin echo, however, the echo signal is not T2 weighted but T2* weighted. 
The longer the TE time is, the more T2* weighted the resulting image becomes.

SPGR (Spoiled Gradient Echo) or FLASH (fast low angle shot) – a gradient echo 
sequence with a short TR that is mainly used for T1 weighted images (Hashemi, Bradley, 
& Lisanti, 2012; Mala, 2011). An SPGR sequence spoils the transverse magnetization by 
semi-randomly changing the phase of the RF pulse (RF spoiling), resulting primarily in 
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T1 but also PD contrast. For knee imaging a selective radiofrequency (RF) pulse of short-
duration (<1 msec) is usually used to excite a slab covering the entire knee joint.

Multiple slice imaging techniques – a concept that can be applied to various MR imaging 
sequences. The acquisition of a single image may take up to several minutes, depending 
on the spatial resolution. When searching for pathology, it is usually necessary to obtain 
several images from different locations. Using conventional approach the acquisition of 
multiple slices would require multiple repetitions of the whole sequence and in turn very 
long acquisition time. Multiple slice imaging techniques enable the acquisition of several 
slices in approximately the same time as required for a single-slice acquisition. During 
one TR period not only one but several parallel slices are excited and acquired. When 
TR is longer than TE other slices can be excited and their signal measured while waiting 
for the recovery of longitudinal magnetization after the signal measurement in the first 
excited slice. However, neighboring slices acquired during the TR period must be at a suf-
ficient distance from each other so that the excitation of one slice does not affect another 
slice. It is even possible to measure the whole T2 relaxation curve for the selected slices 
in a single scan (Herynek, 2013). Although this technique can be used for various pulse 
sequences it is mostly applied with the SE sequences, because in the SE sequences the 
TR is much longer than the TE. 

There is a limit on the number of slices that can be acquired within a given TR. 
The limit is given by the time required to excite and collect the echo from each slice: 
N (max) = TR / (TE + Tc), where N(max) indicates the maximum number of scanned 
slices and Tc marks the time from the echo peak to the end of the signal (Hendrick, 
2008, p. 58).

Ultra short echo time (UTE) sequence – by shortening RF pulses and optimizing the 
signal acquisition very short TE can be achieved. This is beneficial for imaging structures 
with very short T2. TE can be up to 100–1000 times shorter in UTE sequences than those 
used in conventional imaging sequences. As reported by Thakkar, Subhawong, Carrino, 
and Chhabra (2011) and Qian, Williams, Chu, and Boada (2012), UTE with high resolu-
tion allows to display both the surface and the deep layers of connective tissues in the 
knee. It also displays small structures within the cartilage, meniscus, ligament and patellar 
tendon. When using high plane resolution (0.28 and 0.14 mm) UTE allows the detec-
tion of early damage or fine reparative changes in these tissues. UTE requires a short 
excitation (0.5 ms) and short acquisition delay (less than 0.2 ms) to reduce TE and thus 
minimize T2 decay. Since UTE is a relatively new method, research continues to refine 
2D and 3D sequences for clinical scanners that would be faster, have better resolution 
and contrast. For 2D acquisition images with the in plane resolution of 0.3 to 0.8 mm, 
the slice thickness of 3–5 mm and the total acquisition time 3–17 min have been reported 
(McWalter, Braun, Keenan, & Gold, 2012). The contrast between the tissue with short 
T2 relaxation time and surrounding tissues, which may or may not have a short T2 times, 
can be improved by using several other techniques based on UTE (McWalter et al., 2012).

AWSOS (Acquisition-weighted stack of spirals for fast high-resolution three-dimensional 
ultra-short echo time MRI) – this sequence based on the spiral data acquisition provides 
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3D UTE images suitable for knee imaging. It allows the acquisition of 3D images with 
high resolution (0.28 to 0.14 millimeters) and with the reasonable acquisition time 
(5–10 min) (Qian et al., 2012).

3D variable TE1 CARTESIAN SPGR – standard Fourier encoded 3D sequences can be 
adapted to provide the sub millisecond TE using nonselective excitation pulses, highly 
asymmetric readouts in combination with the variable TE1 along the phase and slice 
encoding directions. The sequences represent suitable alternative to the morphological 
musculoskeletal UTE imaging in clinical practice and they have a good potential for bio-
chemical quantification techniques (eg T2* mapping). A minimum TE is typically about 
2.8 ms for 0.5 mm in plane resolution in 3D Cartesian scan. The variable TE1 Cartesian 
methods are fast and flexible and unlike the UTE imaging and provide easy adjustment 
for the integration of other preparation schemes, such as the suppression of long T2 time 
components or suppression of the fat signal. (Deligianni, Bär, Scheffler et al., 2012).

T2 relaxation in cartilage and menisci

As stated by Rauscher et al. (2008) in their study, T2 relaxation times reflect more closely 
the changes in the meniscus compared to the T1 relaxation time, whereas in articular 
cartilage the opposite is true. Fluids and the tissues with higher water content have long 
relaxation time T2, which is related to the small size of the water molecules. Their rapid 
movement causes the time averaging of the local magnetic fields formed by individual 
water protons. As a result, they do not create significant local magnetic field inhomogenei-
ties that would reduce the T2 relaxation time. In contrast, a mixture of water and organic 
molecules of greater size (eg. collagen fibers) reduces T2 times. The matrix of the menis-
cus is composed mainly of highly organized collagen structures in which the most of fibers 
is oriented in the circumferential direction. Therefore, T2 times in the meniscus are short 
(Juras et al., 2013; McWalter et al., 2012). T2 times are sensitive to the structure of the 
ECM, especially on the interaction based on the content, orientation and anisotropy of col-
lagen (Bae et al., 2010; Fragonas et al., 1998; Liess et al., 2002). Damage of the matrix and 
enhancement of water content in degenerating cartilage can increase T2 relaxation times.

Thanks to the calculation and the display of the T2 maps it is possible to detect the 
changes in the collagen component of the ECM noninvasive and more precisely to detect 
the changes in the water content (distribution of interstitial water in the solid matrix) 
which are not normally visible in conventional MRI images (Nishii et al., 2008; Welsch 
et al., 2008).

RESULTS

Summary of studies dealing with MR imaging of the meniscus

Described papers were selected using EBSCOhost and Google Scholar services. Also 
papers found in references of the selected articles were included. The summary of basic 
information about measurement evaluation methods is provided in the following pages 
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(Figure 4). Mere comparing the T2 times values stated in individual measurements does 
not allow making a general conclusion. The reason is that several parameters such as 
measurement sequence type, final resolution, ROI segmentation technique, the area of 
interest, age of the subjects, the load history, and the degree of the damage of the menis-
cus and other differ among individual studies. Moreover, the absolute values of T2 times 
may depend on the field strength, coil sensitivity, temperature, gradient systems, pulse 
sequences etc. Therefore the direct comparison of reported T2 relaxation times is prob-
lematic. The only correct approach is to compare relative changes in T2 values measured 
on the same scanner under the same conditions. Generally speaking, T2 relaxation times 
in healthy meniscus of middle age person range around 11 ms (Rauscher et al., 2008; 
Stehling et al., 2011; Zarins et al., 2010). Higher values are listed in medial meniscus 
(Chiang et al., 2013; Subburaj et al., 2012; Tsai et al., 2009; Zarins et al., 2010). Further, 
T2 times are the lowest in the white zone and they increase in direction to the red zone 
(Chiang et al., 2013; Tsai et al., 2009). 

DISCUSSION

The authors very often use the SPGR pulse sequences to assess the degree of damage. 
With those sequences they achieve a relatively good resolution (about 0.3 × 0.3 × 1) in 
a reasonable acquisition time (max. 9 min). 3D SPGR sequences are usually combined 
with T2 preparation modules. The results show that the lowest acquisition time is around 
5 min when using the 3D UTE sequences AWSOS. The segmentation is performed either 
with a semi-automatic programs written in Matlab or IDL programming languages based 
on the edge detection or also by the manual detection of the borders. In an effort to reach 
a low error rate, the measured edges are often completely neglected from the segmenta-
tion. T2 relaxation times are mostly calculated using a mono-exponential fitting proce-
dure based on the of the least squares method.

The reason why higher T2 values can been found in the healthy medial meniscus is 
the different organization of collagen fibers in both parts of the meniscus. In the medial 
meniscus collagen fibers are more organized, they have higher anisotropy. Also in the full 
knee extension phase, medial meniscus is loaded by less pressure element in comparison 
to the lateral meniscus (Athanasiou & Sanchez-Adams, 2009). Because the water is not 
expelled from the tissue T2 times in medial meniscus are increased.

The reported values indicate also the increase of T2 times depending on the geometric 
location of the monitored area (red zone – the highest T2 time) and the degree of meniscus 
damage (the degree of damage increases together with T2). T2 values increase also propor-
tionally to the age. This fact can be explained by increasing free water content and mobility 
and also by the destruction of the cartilage with increasing age which may in turn lead to 
changes in meniscus. The studies have also showed that the T2 times in menisci increase 
after extreme loading. Directly after 30 min running, there are no significant changes in T2 
relaxation times in any area of meniscus (Subburaj et al., 2012), however, significant changes 
were found after 48–72 hours (Stehling et al., 2011). The reason can be that during the resting 
time, tissue can by swollen by drawing free water into the matrix. Also, released catabolic 
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substances cause loosening of the collagen network. The permeability of the tissue increases, 
more interstitial (free) water appears and penetrates into this newly – acquired space.
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ABSTRACT

Goal of the work is to verify if there exists a significant difference in the quality of 
movement measured via virtual reality (VR) technology between two groups of patients 
diagnosed with adolescent idiopathic scoliosis (AIS). Grouping is made according to 
geographic regions; Group 1 is from Zagreb, Group 2 from Vukovar. Another goal of the 
work is to verify whether there is a significant improvement from initial to final measure-
ments over a one year period in the results of all patients from both groups.

Hypothesis: there is no significant difference in the quality of movement between two 
groups of patients, as obtained through VR tests. The second hypothesis is that there is no 
significant difference in the results of specific VR tests for AIS between initial and final 
measurements of all the examinee; respectively, the conventional therapy program in both 
groups doesn’t produce significant results in the direction of improvement.

The sample: each group is comprised of 5 patients with AIS diagnosis, between the 
ages of 12–18, of both genders. The patients have a double scoliotic curve with Cobb 
value between 37 and 46 degrees, and are being treated with classical physiotherapeutic 
methods for AIS, at clinics in Zagreb and Vukovar.

Methodology: VR tests for assessment of the quality of movement are a part of the 
System for Diagnosis and Control in Kinesiology (SYDACK) constructed at the Faculty 
of Kinesiology, University of Zagreb, as described in the dissertation: VR in physiother-
apy of patients with AIS (Filipović, 2011). SYDACK is an original Croatian product, 
containing 4 VR tests for evaluating the quality of movement: diagonal sliding to the 
right, diagonal sliding to the left, sliding and hip elevation.

Results are analyzed via a t-test for small independent samples and a t-test for small 
dependent samples. In 93.75% cases there is no significant difference between results of 
the two groups, as obtained by all 4 VR tests. The analysis shows there is no geographical 
dependence in the quality of motion with AIS, which confirms the initial hypothesis. In 
81.25% cases there is no significant difference in the results of specific VR tests between 
initial and final measurements. In 18.75% cases there is a significant difference in the 
direction of improvement.

Keywords: SYDACK; assessment; AIS
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INTRODUCTION

Adolescent idiopathic scoliosis is represented as pathological postural adaptation of  
the body through a structural three-dimensional deformity of the vertebral column and the 
body in process of puberty (Filipović & Ciliga, 2010). Although scoliosis was described in 
detail by Hippocrates, with this condition there are still many unknowns. Theories about 
the origin of AIS are different, but there is a consensus about the multi factor etiology. 
Basic characteristics of pathological pattern of AIS are: postural asymmetry, dysfunc-
tion in proprioceptive system and abnormal postural balance. The origin of the problem 
points to the central nervous system (Zabjek, 2008; Filipović & Ciliga, 2010). Within the 
population of girls, AIS is 7 times more common than in the boys’ population, and girls 
may be more sensitive to changes in central control during the development of the central 
nervous system (Lowe, 2000). Girls with AIS have insufficient balance control, which is 
explained as the problem of motor deficits which follow changes in vertebral torsion and 
rotational trunk asymmetry in relation to the vertical axis (Dalleau, 2007). Some studies 
suggest that through the visuomotor coordination and spatial recognition the brain uses 
abstract spatial information located between the sensory inputs and motor outputs (Veld-
huizen, 2000). Huynh (2006) performed biomechanical analysis of patients with AIS and 
found that asymmetric development of the central nervous system can’t be the only factor 
in the development of this condition since genetic background, growth and development 
play an important role (Schizas, 1998; Lowe, 2000). In this sense, the family history is 
positive in 36% of non-identical and 73% of monozygotic twins (Burgoyne, 2001). In 
choosing a treatment for AIS, it should be emphasized that spine reaches its maturation 
within 2 years after skeletal maturity (Dickson, 2004). Asymmetry in the paravertebral 
muscles on convex and concave sides of the scoliosis curve, measured by surface EMG, 
can be pointed as the central factor responsible for the progression of AIS (Cheung, 2004; 
Veldhuizen, 2000). However, today the asymmetry in paravertebral muscles as the origin 
of AIS is rejected and shown as a secondary aspect (Mahaudens, 2005; Weinstein, 2008; 
Filipović, 2011). The effectiveness of screening and early treatment using orthosis is an 
issue that is intensively discussed. Orthoses give some common non-operative approach, 
which has been used for 40 years, but more controlled trials of its effectiveness for AIS 
are necessary (Stephens Richards & Vitale, 2008; Bunge, 2008). Therapeutic evaluation of 
children with scoliosis is usually done by radiography. International Society on Scoliosis 
Orthopaedic Rehabilitation and Treatment (SOSORT) approves the method according to 
Cobb which is considered as the gold standard in scoliosis assessment. The biggest concern 
about the radiological assessment is that children at the age when their growing and devel-
opment are intensive are exposed to radiation. However, Stephens Richards and Vitale 
(2008) emphasized that exposure to radiographic technology today is significantly lower 
than in the past. In order to reduce the risk of radiation exposure there are some imaging 
techniques which measure the deflection of the spine; scoliometry, Moire topography, 
integrated computer scan systems that use back contour surfaces as points for determining 
the direction and degree of deformation of the trunk (Mior, 1996). Pearsall (1992) states 
that the Cobb method does not describe fully three-dimensional deformation of the spine 
and associated segments. He also points out the lack of a forward bend test which is not 
sufficiently sensitive in measuring thoracolumbal deformities. Filipović (2003) states that 
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the Cobb method has no statistical significance in order to assess the function of the spine, 
where it only indicates the degree of curvature. Dickson (1999) explains that scoliosis is 
usually estimated by the Cobb method because it simply took root among clinicians, but 
the disadvantage is its non-linearity compared to increasing the size of curvature. Cobb 
angle is not an arithmetic size and can’t be used as a descriptive statistic, while the reli-
ability of the method according to Cobb, measured by multiple examiners, ranges between 
3.2° and 9.6° error (Mior, 1996). However, no better approach was developed for the meas-
urement of scoliosis. Lehnert-Schroth (1992) concludes through empirical research that the 
degree of scoliosis, measured using radiographs, is less important to patients – they want 
to see how the hump on their back decreases. Wong and Wong (2008) made a study on the 
use of “intelligent clothes” in assessing posture. Guided by the principle of therapeutic pos-
ture through continuous training and feedback control, and learning good postural habits, 
these authors constructed special clothing with built-in accelerometers and devices for the 
detection of postural curvature in the sagittal and coronal planes. Filipović (2006) provides 
a view of information technology application of virtual reality (VR) in the form SYDACK 
(System for Diagnosis and Control in Kinesiology), to the functional assessment of AIS, as 
well as in the physiotherapy for a variety of other disorders of the musculoskeletal system.

PURPOSE

Goal of the research is to verify if there exists a significant difference in the quality of 
movement measured via VR technology on specific tests named SYDACK between two 
groups of patients diagnosed with AIS. Another goal of the research is to check whether 
there is a significant improvement from initial to final measurements over a one year 
period in the results of all patients from the two groups. Grouping is made according 
to geographic regions; Group 1 is from Zagreb, Group 2 from Vukovar. Hypotheses are 
that there is no significant difference in the quality of movement between two groups of 
patients, as obtained through VR tests and that there is no significant difference in the 
results of VR tests for AIS between initial and final measurements of all examinee.

METHODS

The examinee sample is comprised of two groups. Each group is comprised of 5 patients 
with AIS diagnosis, between the ages of 12–18. The first group consists of three girls and 
two boys from Zagreb, the second of three girls and two boys from Vukovar. The patients 
have a double scoliotic curve with Cobb value between 37 and 46 degrees, and are treated 
with classical physiotherapeutic methods for AIS, at clinics in Zagreb and Vukovar 
respectively. VR tests for evaluating the quality of movement are a part of the SYDACK 
system constructed at the Faculty of Kinesiology, University of Zagreb, as described in 
the dissertation VR in physiotherapy of patients with AIS (Filipović, 2011). 4 VR tests 
were applied: diagonal sliding to the right, diagonal sliding to the left, sliding and hip 
elevation. Assessment of postural status was done once a month during the one year for 
both groups. All participants took up VR tests for the first time in this study. SYDACK 
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system is consisted of the following elements: a) Animated Avatar head model performs 
specific physiotherapeutic exercises on the computer screen (Figure 1) which include four 
VR tests; b) A set of two sensors tracks movements of postural segments, shoulder and 
pelvic girdle, in relation to the x-axis (forward and backward movement) and the y-axis 
(left and right movement); c) SYDACK consists of four applications: a program for 
viewing therapeutic exercises (continuous red lines on the computer screen), a program 
for displaying information from sensors that monitor the patient movement (intermittent 
lines), the application for the registration of data in a database and program for Avatar 
head model animation. The Avatar animation program is taken as an animation tool with 
the name Pozer-4, while the animation process is a combination of video recording of the 
physiotherapist motion and Pozer-4. SYDACK is an original Croatian product and the 
result of the scientific project VR in kinesiology and scientific research “Virtual reality in 
physiotherapy for adolescent idiopathic scoliosis” (Filipović, 2006). 

Data are figures of deviations in angles from zero position to the end range of motion, 
and these are variances from y-axis and x-axis (the higher the score the higher deviation). 
Data analysis is based on monitoring and comparing the symmetry or asymmetry of 
motion in the initial and the final measurement. It analyzes the movements of the shoulder 
and pelvic girdle and at each there are sensors as labels that record angles in two dimen-
sions (y-axis and x-axis). Analysis of postural status provides conclusions based on the 
results from analysis of variance of the initial to final measurements of these segments of 
the body. Therefore, selected shoulder and pelvic girdle movements are followed.

VR tests

Sliding test requires translation of the shoulder girdle in the frontal plane from side to 
side with a stable pelvis (Figure 2).

Figure 1. Avatar animated head model 
(Filipović, 2006)
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Figure 2. Sliding test (Filipović, 2006)

    

Figure 3. Hip elevation test (Filipović, 2006)
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Figure 4. Diagonal sliding to the right test (Filipović, 2006)

    

Figure 5. Diagonal sliding to the left test (Filipović, 2006)



62

Hip elevation test requires an alternating elevation of the pelvis in the frontal plane to the 
right and left with a stable shoulder girdle (Figure 3).

Diagonal sliding to the right test requires translation of the shoulder girdle and spine in 
the transverse plane right forward and left back with a stable pelvis (Figure 4).

Diagonal sliding to the left test requires translation of the shoulder girdle and spine in 
the transverse plane left forward and right back with a stable pelvis (Figure 5).

Each subject was individually assessed using an anamnestic questionnaire with questions 
on age, gender, city of living, body weight, body height, place and the time of making the 
AIS diagnosis, possible problems during their mother’s pregnancy and their birth, family 
history and questions about the type and intensity of exercise, school and out-of school 
activities, and performing sports. Each examination was performed using SYDACK 
measurement systems and data were recorded on the same computer in the same condi-
tions once a month. Measurement was individualized and continually carried out by the 
same examiner for a one year period. The first and last measurements were performed in 
3 sets of 10 repetitions for each of the 4 VR tests with every subject. From the second to 
the eleventh measuring session, the participants performed a series of 10 repetitions for 
each of the 4 VR tests. SYDACK system is tested for its metric properties (Viskić-Štalec, 
2006) and as a measuring instrument has high reliability and validity. Results are analyzed 
via a t-test for small independent samples and a t-test for small dependent samples, in the 
Statistical Package for the Social Sciences (SPSS), version 15.0.

RESULTS

In order to compare the results of each VR test for the subjects from Zagreb and Vukovar, 
a t-test for small independent samples was used – between small groups of Zagreb (N = 5) 
and Vukovar (N = 5) respectively.

Table 1. Comparison of initial and final results of the examinees from Zagreb and Vukovar on each 
variable of VR tests

M SD t df P M SD t df P
1axr group1 1.24 2.18

−0.43 8 >0.05
2axr group1 0.78 0.54

−0.5 8 >0.05
1axr group2 1.74 1.35 2axr group2 0.99 0.78
1axz group1 0.58 0.26

−1.93 8 >0.05
2axz group1 1.42 1.43

−0.4 8 >0.05
1axz group2 2.43 2.13 2axz group2 1.80 1.17
1ayr group1 2.37 2.01

−0.76 8 >0.05
2ayr group1 3.66 2.27

0.09 8 >0.05
1ayr group2 3.76 3.56 2ayr group2 3.47 3.69
1ayz group1 2.93 2.45

  0.31 8 >0.05
2ayz group1 3.10 2.96

−0.79 8 >0.05
1ayz group2 2.46 2.26 2ayz group2 4.74 3.51
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1bxr group1 2.22 1.47
−0.24 8 >0.05

2bxr group1 1.25 0.53
−0.88 8 >0.05

1bxr group2 2.51 2.27 2bxr group2 1.74 1.12
1bxz group1 2.01 2.11

−0.62 8 >0.05
2bxz group1 1.33 0.62

−0.65 8 >0.05
1bxz group2 3.07 3.11 2bxz group2 1.82 1.55
1byr group1 6.22 4.34

0.22 8 >0.05
2byr group1 2.6 2.36

−0.39 8 >0.05
1byr group2 5.67 3.46 2byr group2 2.65 1.58
1byz group1 2.93 2.14

−2.28 8 >0.05
2byz group1 2 1.71

−1.7 8 >0.05
1byz group2 9.30 5.84 2byz group2 5.14 3.73
1cxr group1 1.95 1.02

1.03 8 >0.05
2cxr group1 1.58 1.84

0.32 8 >0.05
1cxr group2 1.38 0.69 2cxr group2 1.27 1.02
1cxz group1 2.71 3.12

−0.23 8 >0.05
2cxz group1 1.85 1.70

−0.15 8 >0.05
1cxz group2 3.06 0.93 2cxz group2 2 1.29
1cyr group1 3.17 1.55

−2.84 8 <0.05
2cyr group1 4.41 3.51

−1.16 8 >0.05
1cyr group2 9.41 4.65 2cyr group2 8.08 6.08
1cyz group1 1.91 1.41

−1.33 8 >0.05
2cyz group1 2.85 1.63

−2.05 8 >0.05
1cyz group2 5.23 5.35 2cyz group2 5.95 2.95
1dxr group1 0.93 1.13

−1.26 8 >0.05
2dxr group1 0.32 0.20

−1.85 8 >0.05
1dxr group2 2.05 1.62 2dxr group2 0.97 0.74
1dxz group1 2.50 3.12

−0.22 8 >0.05
2dxz group1 5.40 2.73

1.03 8 >0.05
1dxz group2 2.85 1.54 2dxzgroup2 3.58 2.82
1dyr group1 2.43 1.06

−1.51 8 >0.05
2dyr group1 5.83 6.13

0.02 8 >0.05
1dyr group2 5.14 3.85 2dyr group2 5.76 4.28
1dyz group1 1.68 1.48

−1.06 8 >0.05
2dyz group1 4.62 3.40

0.41 8 >0.05
1dyz group2 2.58 1.16 2dyz group2 3.90 1.89

Legend: 1 – initial measurement; 2 – final measurement; x – axis with a tilt forward and back; y – axis 
with a tilt left and right; r – shoulders; z – pelvis; a – sliding test; b – hip elevation test; c – diagonal 
sliding to the right test; d – diagonal sliding to the left test; M – mean; SD – standard deviation;  
t – t-test; p – reliability

T-test shows that the difference between the arithmetic mean of the first and second 
group of patients isn’t statistically significant (p > 0.05) for all of the variables, except 
the 1cyr variable (initial tests measuring diagonally sliding to the right on the y-axis in 
the shoulder girdle) where a statistically significant difference exists between means  
(p < 0.05). With the exception of the variable 1cyr, the hypothesis that there is no statisti-
cally significant difference in the quality of movement between two groups of patients 
in specific VR tests for AIS is confirmed. Between 32 analyzed parameters (initial and 
final tests) 31 didn’t show a statistically significant difference in the results (96.87%). 
Between 16 initial variables, 15 of them didn’t show a statistically significant difference 
in the results (93.75%). It is possible to conclude with statistical significance that there 
is no geographical and regional dependence between the two groups of patients with the 
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diagnosis of AIS, according by place of living, in results of 4 VR tests that evaluate the 
quality of motion of two postural body segments, the shoulder girdle and pelvis.

In response to the second problem including initial and final measurement, a t-test for 
small dependent samples was used, for all subjects in total (N = 10).

Table 2. Comparison of the results achieved in all patients at each initial and final VR test

M SD t df P
pair 1

1axrM – 2axrM 0.60 1.74 1.09 9 >0.05

pair 2 
1axzM – 2axzM −0.10 2.11 −0.16 9 >0.05

pair 3 
1ayrM – 2ayrM −0.49 4.79 −0.32 9 >0.05

pair 4
1ayzM – 2ayzM −1.22 4.79 −0.80 9 >0.05

pair 5
1bxrM – 2bxrM 0.87 1.86 1.47 9 >0.05

pair 6 
1bxzM – 2bxzM 0.96 2.04 1.49 9 >0.05

pair 7
1byrM – 2byrM 3.32 4.48 2.33 9 <0.05

pair 8
1byzM – 2byzM 2.54 2.94 2.73 9 <0.05

pair 9
1cxrM – 2cxrM 0.24 1.24 0.61 9 >0.05

pair 10 
1cxzM – 2cxzM 0.96 1.81 1.67 9 >0.05

pair 11 
1cyrM – 2cyrM 0.04 6.01 0.02 9 >0.05

pair 12 
1cyzM – 2cyzM −0.82 5.17 −0.50 9 >0.05

pair 13 
1dxrM – 2dxrM 0.84 1.42 1.87 9 >0.05

pair 14 
1dxzM – 2dxzM −1.81 3.59 −1.59 9 >0.05

pair 15 
1dyrM – 2dyrM −2.01 6.81 −0.93 9 >0.05

pair 16 
1dyzM – 2dyzM −2.12 2.07 −3.24 9 <0.05

There is no significant difference between arithmetic means (p > 0.05) in most of the 
pairs (81.25%). The exceptions are the following tests in which there is a significant dif-
ference (p < 0.05):
–  pair 7 (initial and the final assessment of the byr variable: hip elevation on the y-axis 

of the shoulder girdle),
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–  pair 8 (initial and the final assessment of the byz variable: hip elevation on the y-axis 
of the pelvis),

–  pair 16 (initial and the final assessment of the dyz variable: diagonal sliding to the left 
on the y-axis of the pelvis).
For these pairs, three of them 16 (18.75%) there is a significant difference in the results 

of specific VR tests assessment between initial and final measurements. 

DISCUSSION

The intention of the physiotherapeutic evaluation of patients with AIS measured via 
VR technology was to check whether there is a significant difference in the results of 
examinees from Zagreb and Vukovar in the quality of movement. Pathology length in 
patients from diagnosis to initial measurements using SYDACK system is from 6 months 
to 2 years. The presence of male patients in the sample confirms the characteristics of 
AIS by Lowe (2000) although the clinical experience of authors is not 7:1 ratio for girls, 
but the AIS increases in frequency among boys and the age of the patients decreases. The 
patient sample has the range of the AIS curve according to Cobb of an angle from 18° 
to 38°, which means that tested candidates are not in the category suitable for surgery. 
There was no statistically significant difference between the results of the two analyzed 
groups measured via VR technology for assessment of the quality of movement. Results 
of initial tests obtained in 15 of the 16 variables (93.75%) indicate that the groups don’t 
vary in territorial characteristics (lifestyle, environmental conditions, etc.). The only 
exception is represented by the initial measurement of the shoulder girdle motion through 
diagonal sliding to the right test, for the y-axis (variable 1cyr), which shows significant 
variation in the direction of better results in the first group (patients from Zagreb). The 
final measurement of the same exercise as well as all other final measured tests, shows 
no statistically significant difference between two groups. According to these results it is 
possible to assume that there is no geographical dependence for the obtained results. In 
tests 1axz (initial assessment of the exercise-test sliding on the x-axis of the pelvis), 1byz 
(initial assessment of the exercise-test hip elevation on the y-axis of the pelvis) and 2cyz  
(final assessment of the exercise-test diagonal sliding to the right on the y-axis of the pel-
vis) the difference is close to significance, also in the direction of better results in the first 
group. During the assessment some of the patients characteristics were perceived, related 
with their approach and expectations of the treatment. It has been shown that patients from 
Vukovar have less opportunity for active exercise, for continuous monitoring of physi-
otherapist or for sports activities, in relation to patients from Zagreb, who were all involved 
in an activity and have a wider choice of places and modules for AIS treatment. Through 
conventional methods of clinical AIS treatment, physiotherapy is limited to an average 
of 10 sessions and the intensity of the therapy depends on the patients themselves; their 
parents, motivation, desire, and persistence. Possible relation between patients according 
to AIS conventional physiotherapy in clinics is determined by chance of choice. The type 
of sport that the patients are involved in is also very important; how intensely and for how 
long are they doing it, because some sports activities such as tennis, volleyball, badminton 
and other sports that use a dominant hand (Gielen & Van der Eede, 2008) adversely affect 
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the postural pattern and raise progression of scoliosis. Well selected sports significantly 
increase lung function in patients with AIS. Sports with high axial loads, such as lifting 
weights or those where there are extreme forms of hyperlordosis, especially those that raise 
resistance in spastic tissues may be potentially harmful in the treatment of AIS. Negrini et 
al. (2008) showed that physical therapy exercises can have a positive effect on the func-
tion of breathing, strength and postural balance and are useful in reducing the specific 
difficulties for patients with AIS. They state that specific and personalized treatment could 
be more effective than conventional physical therapy in order to reduce the progression of 
scoliosis. A small sample is one of the drawbacks of this research. Difficulty was also in 
motivating patients to the continuous arrival on examination once a month. Patients were 
involved in the conventional program for scoliosis physiotherapy at clinics and there is an 
evident lack of a specific individual therapeutic approach to their treatment. On the basis of 
these results, possibilities for new research are opening, with larger samples and variables. 
Possible problems that are imposed here are the psychological characteristics of children 
with AIS, lifestyle, hereditary factors, timely diagnosis and individualized physiotherapy 
with the goal of postural reeducation of pathological pattern.

CONCLUSION

Despite various theories about the origin, etiopathogenesis of AIS is not fully evidenced 
and still remains unknown. There is a consensus about the multi factor etiology of AIS. 
Comprehensiveness and thoroughness of the assessment is fundamental for any treatment 
of pathology. The goal of the research is to verify if a significant difference in the quality 
of movement measured via VR technology on specific tests named SYDACK between 
two groups of patients diagnosed with AIS exists. Grouping is made according to geo-
graphic regions; Group 1 is from Zagreb, Group 2 from Vukovar. Another goal of the 
work is to verify whether there is a significant improvement from initial to final measure-
ments over a one year period in the results of two groups of patients. The hypothesis is 
that there is no significant difference in the quality of movement between the two groups 
of patients, as obtained through VR tests, and no geographical dependence. The second 
hypothesis is that there is no significant difference in the results of specific VR tests for 
AIS between initial and final measurements of all patients, from Zagreb and Vukovar; it 
points that the conventional therapy program in both groups doesn’t produce significant 
results in the direction of improvement. The sample consists of two groups of 5 patients 
with AIS diagnosis, between the ages of 12–18, of both genders. Subjects were diagnosed 
with double scoliotic curve with Cobb value between 37 and 46 degrees, and are being 
treated with classical physiotherapeutic methods for AIS, at clinics in Zagreb and Vuko-
var respectively. SYDACK system for evaluating and analyzing the postural status was 
constructed at the Faculty of Kinesiology, University of Zagreb. It consists of four appli-
cations: a program for viewing therapeutic exercises, a program for displaying informa-
tion from sensors that monitor the patient’s movement, the application for the registration 
of data in a database and a program for the animation of the Avatar head model. Results 
are analyzed via a t-test for small independent samples, in the Statistical Package for the 
Social Sciences (SPSS), version 15.0. Results obtained in 15 of the 16 variables (93.75%) 
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indicate that there is no statistically significant difference between patients from Zagreb 
and patients from Vukovar on specific initial assessment of AIS via VR tests. From a total 
of 32 analyzed variables (initial and final tests) 31 didn’t show a statistically significant 
difference in the results (96.87%). Results indicate a more favorable initial status of 
patients from Group 1, and almost negligible significance of differences in the final status. 
That suggests greater success applying AIS exercises for patients from Group 2. It is pos-
sible that the explanation of these indicators lies in the regional conditionality and impact 
of the social environment. The t-test for small dependent samples in all patients (Group 1 
and Group 2 together) for three of the 16 cases (18.75%) shows a significant difference in 
the results of specific VR tests assessment between initial and final measurements, in the 
direction of improvement. One of the drawbacks of this research is a small sample. The 
reason for this is the difficulty of measuring which had to be individualized and continu-
ous over a period of one year, on the same instrument, in the same conditions, and that 
had to be done by the same examiner. There is a need for new research with the require-
ment for analysis of psychological, sociological factors of causality and an analysis of 
individual and targeted physiotherapy for AIS.
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ABSTRACT

The aim of this study is to analyze social and individual determinants of health behaviour. The  
following factors are evaluated: nutrition, physical activity (PA) and smoking behaviour.  
The examined determinants of health behavior include: health-specific self-efficacy and 
health locus of control. Material and Methods: The survey was carried out among 298 stu-
dents at state and private universities in Poznań and 342 teachers in primary and secondary 
schools in the Wielkopolska Province in Poland. The author’s questionnaire was used to assess 
nutrition and smoking status and the International Physical Activity Questionnaire (IPAQ) 
served to evaluate PA. The health related self-efficacy questionnaires and Multidimensional 
Health Locus of Control Scale (MHCL) were employed. Results and Conclusion: Health 
oriented physical education studies favour a more healthy lifestyle both during the studies 
and employment. The worst health behaviour patterns have been found among pedagogy 
students. The issue of healthy life style should be given more prominence in the curriculum 
at the undergraduate level to better develop health-sensitive personality in future teachers.

Keywords: health behaviour; self efficacy; health locus of control; students; school teachers

INTRODUCTION

Health behaviour is one of the most significant factors determining health. According to 
the first indications in this respect, developed in the Lalonde Report (1974), their influ-
ence is as high as 53%. Nutrition, physical activity (PA) and smoking play particularly 
important roles from the point of view of prevention against civilisation related diseases. 
Each of the areas of behaviour above has been discussed in a number of reports in terms 
of behaviour patterns beneficial for health or health consequences of not complying with 
them. Another direction is the analysis of various combinations of accumulation of behav-
iours, both beneficial and adversely affecting health, which has not got so many reports. 
Patterns in this respect may be determined by socialising processes related to the direction 
of education, professional status, age, sex etc.
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In the area of health science the issue of psychosocial determinants of specific human 
behaviour towards health is particularly interesting. Self-efficacy is one of the impor-
tant determinants of health behaviour. It is used in Social Cognitive Theory explaining 
the realisation of health behaviour (Bandura, 1977). Many things indicate that in the 
context of developing health behaviour not only general self-efficacy is important, but 
rather health-specific self-efficacy (Schwarzer, 1995). This is an individual characteristic 
which is built on the basis of a person’s experience, is a consequence of their personality, 
education, etc. Thus, it may evolve under the influence of educational activities, hence 
many educational interventions (programmes) relating to health behaviour are directed to 
improve self-efficacy (Łuszczyńska, 2007). In respect to various types of health behav-
iour it may have a varied degree of predictiveness (Von Ah, 2004; Łuszczyńska, 2004). 
Many studies indicate that the feeling of self-efficacy is related to undertaking and con-
tinuing health behaviour, such as prevention of uncontrolled sexual behaviour, undertak-
ing regular physical exercise, controlling weight and nutritional behaviour, prevention 
and quitting of smoking and other addictions (AbuSabha, 1997; Schwarzer, 2007).

Health locus of control (HLC) informs about the role a person allocates to himself/
herself and external factors (authorities or coincidence) in responsibility for his/her 
health. People are categorised as “external” or “internal” depending on how they per-
ceive the effect of external (e.g. powerful others, chance, God etc.) or internal (e.g. the 
self) factors on their health (Wallston, 1978a). It is generally assumed that people with 
an internal health locus of control have better health habits (Norman, 1998) than people 
with an external locus of control. Its relations to health behaviours are not as strong as 
self-efficacy, although worth attention. In particular for health educator they may mark 
the direction of necessary educational activities.

PURPOSE

The aim of this study is to analyse the patterns of coexistence of the three main health 
behaviours (PA, nutrition, smoking) among physical education and pedagogy students as 
well as school teachers. The social and individual determinants of health behaviour will 
also be investigated. The examined determinants of health behaviour include: health-spe-
cific self-efficacy and health locus of control. We are looking at differences between uni-
versity students, studying to be teachers in the future, and actual working school teachers. 

MATERIAL AND METHODS

Study participants

The survey was carried out among 298 students at state and private universities in Poznań 
and 342 teachers in primary and secondary schools in the Wielkopolska Province in 
Poland. There were 126 Physical Education (PE) students and 172 Pedagogy (P) students, 
95 PE teachers and 247 Other Subjects (OS) teachers. The stratification of the participants 
is presented in Table 1. 
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Table 1. Description of the study samples

n

All PE teachers OS teachers PE students P students

640 95 247 126 172

age x ̅± SD 31.9 ± 11.8 39.5 ± 9.0 41.2 ± 9.8 21.6 ± 1.4 22.8 ± 4.8

gender 
♁ n (%) 499 (78) 56 (59) 213 (86) 84 (67) 146 (85)

♂ n (%) 141 (22) 39 (41) 34 (14) 42 (33) 26 (15)

MEASURES

The author’s questionnaire pool was used to assess nutrition and smoking status. The 
nutrition status was calculated as a mean of answers to 12 questions relating to the number 
and quality of meals rated on the scale from 1 (unhealthy behaviour) through 2 (moderate)  
to 3 (healthy behaviour). Smoking status was evaluated in two categories: as currently 
smoking or as non-smoking respondents (used to smoke or never smoked). The Inter-
national Physical Activity Questionnaire (IPAQ) (Biernat, 2005) was used to assess the 
respondents’ physical activity. Metabolic Equivalents (METs) values per week were 
calculated for individuals and the respondents were divided into three categories of PA 
(law, moderate, high). We also used two Schwarzer’s (2000) questionnaires: the Nutri-
tion Self-Efficacy Questionnaire and the Physical Exercise Self-Efficacy Questionnaire, 
Velicer and others’(1990) Smoking Self-Efficacy Questionnaire; to assess the health locus 
of control we used the Multidimensional Health Locus of Control Scale (Wallston, 1978b; 
Juczyński, 2001: 79–86).

Statistical analyses

The data were analysed using STATISTICA 10.0 software (StatSoft Inc., Tulsa, OK). 
Statistical significance was defined as p ≤ .05. One way analysis of variance (ANOVA) 
was used to compare the analysed groups for PA, nutrition, smoking. The eta-squared 
(η2) effect size was calculated. The effect size indicates the percent of variance explained 
by the particular effects of the dependent variable. To compare the average values of 
mean health behaviour Tukey HSD test detailed post hoc comparisons were conducted. 
Cluster analysis was used to group the individuals with the similar behaviour (healthy or 
unhealthy). Forward stepwise regression was used to find psychological variables related 
to nutrition and PA. The logistic regression and Pearson’s correlation coefficient were 
calculated for smoking status and psychological variables.

RESULTS

The findings from the analysed behaviour are reported in Table 2. There are significant 
differences in smoking status between the analysed groups (p = .012). The P students 
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significantly more often smoke cigarettes than Other Subjects teachers (p = .026). There 
are significant differences in nutrition behaviour (p < .0001). Pedagogy students have  
the worst nutrition habits. Other Subjects teachers, PE teachers and PE students  
have better nutrition behaviour than Pedagogy students (p = .054, p = .001, p < .0001, 
respectively). PE students have better nutrition than Other Subjects teachers (p = .016).  
PE students have the highest score of PA. They differ significantly from Pedagogy students  
(p < .0001) and Other Subjects teachers (p < .0001). The PE teachers also have a better 
score than Pedagogy students (p = .018) in reference to PA.

Table 2. F statistics for differences among analyzed groups

OS Teachers PE 
Teachers P Students PE 

Students F (p) η2
x ̅± SD x ̅± SD x ̅± SD x ̅± SD

Nutrition (score) 2.38 ± .27 2.46 ± .25 2.31 ± .26 2.49 ± .28 12.41 (.000) .06

PA (METs) 4367 ± 4250 5944 ± 5115 3979 ± 4083 6778 ± 6556 8.66 (.000) .05

% (n) % (n) % (n) % (n)

Smoking
yes 14 (35) 14 (13) 26 (45) 21 (25)

3.66 (.012) .02
no 86 (205) 86 (78) 74 (125) 79 (93)

METs – Metabolic Equivalent minutes per week

Two clusters of individuals were identified in each of the analysed groups (see Figure 1 
and Figure 2). The descriptive characteristics of the clusters are presented in Table 3. PA 
and nutrition behaviour are the significant factors of differentiation for the clusters identi-
fied among Other Subjects teachers. Cluster 1 is characterised by higher PA and better 
nutrition and it contains 50% of Other Subjects teachers. Cluster 2 is characterised by less 
healthy behaviour and it contains 50% of Other Subjects teachers. Nutrition behaviour 
and smoking status are significant factors of differentiation for the clusters identified in 
the group of PE teachers. As previously, cluster 1 is characterised by healthier behaviour 
(better nutrition, no smoking) and it includes 80% of PE teachers. Cluster 2 is character-
ised by unhealthy behaviour and it includes 20% of PE teachers.

Smoking status is a significant factor (only statistical tendency was noted for nutri-
tion) for the clusters identified in the group of Pedagogy students. Unfortunately, both 
clusters show unhealthy behaviour (low PA, unhealthy nutrition) and non-smoking status 
for cluster 1 or smoking cigarettes for cluster 2. The clusters include 73% and 27% of 
Pedagogy students, respectively. Nutrition behaviour is the significant factor (only sta-
tistical tendency was noted for smoking) for the clusters identified in the group of PE 
students. Cluster 1 is characterised by healthy behaviour (better nutrition, non-smoking) 
and it includes 67% of PE students. Cluster 2 is characterised by unhealthy behaviour and 
it includes 33% of PE students.
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Figure 1. Cluster analysis diagrams for PE teachers and Other Subjects teachers
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Figure 2. Cluster analysis diagrams for PE students and Pedagogy students
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Table 3. Descriptive characteristics of the clusters for analyzed groups of respondents

OS Teachers PE Teachers P Students PE Students

cluster 1 cluster 2 cluster 1 cluster 2 cluster 1 cluster 2 cluster 1 cluster 2

% (n) % (n) % (n) % (n) % (n) % (n) % (n) % (n)

PA

low – 75 (79) 11 (7) 6 (1) 29 (33) 38 (16) 24 (17) 21 (7)

moderate 26 (28) 25 (26) 23 (15) 25 (4) 40 (45) 29 (12) 19 (13) 21 (7)

high 74 (79) – 66 (42) 69 (11) 31 (35) 33 (14) 57 (40) 58 (20)

Smoking
yes 17 (18) 14 (15) 5 (3) 50 (8) – 100 (42) 16 (11) 32 (11)

no 83 (89) 86 (90) 95 (61) 50 (8) 100 (113) – 84 (59) 68 (23)

x ̅± SD x ̅± SD x ̅± SD x ̅± SD x ̅± SD x ̅± SD x ̅± SD x ̅± SD

Nutrition (score) 2.47 ± .27 2.29 ± .25 2.56 ± .18 2.10 ± .14 2.33 ± .26 2.24 ± .23 2.66 ± .11 2.14 ± .19

Forward stepwise regression was used in order to find the most significant factor related 
to nutrition and PA (Table 4). Models significant for predicting almost all behaviour in all 
groups were found (except PA in the group of Pedagogy students). Significant prediction 
was established for daily physical activity among Other Subjects teachers (F(2,210) = 5.65,  
p = .004, R2 = .05), among PE teachers (F(3,81) = 3.01, p = .035, R2 = .10), and among 
PE students (F(1,120) = 26.29, p < .001, R2 = .18). Similarly, there is significant pre-
diction for nutrition habits among Other Subjects teachers (F(3,189) = 3.39, p = .019,  
R2 = .05), among PE teachers (F(2,72) = 4.20, p = .019, R2 = .10), among Pedagogy students  
(F(2,137) = 3.77, p = .026, R2 = .05) and among PE students (F(2,103) = 5.46, p = .006,  
R2 = .10). Health specific self-efficacy was the most important factor of each health 
behaviour. It was positively associated with PA among Other Subjects teachers 

Table 4. Forward stepwise regression for health locus of control (HLC) dimension, self-efficacy and 
health behaviours

OS Teachers PE Teachers P Students PE Students

PA 
(METs)

β

Nutrition 
(score)

β

PA 
(METs)

β

Nutrition 
(score)

β

PA 
(METs)

β

Nutrition 
(score)

β

PA 
(METs)

β

Nutrition 
(score)

β

Self-Efficacy .19** .10 .14  .22* .11 .12 .42*** .24**

HLC Internal .10 .07 .13 −.25* .19*

HLC Powerful 
Others 

HLC Chance −.17* −.22* .11 −.16

Legend: b – standardized regression coefficient; * p ≤ .05; ** p ≤ .01; *** p ≤ .001
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(p < .01) and PE students (p < .001) and with nutrition behaviour among PE teachers  
(p < .05) and PE students (p < .01). In reference to the health locus of control variables 
“internal control” is negatively associated (p < .05) with nutrition behaviour among PE 
teachers and positively associated among Pedagogy students (p < .05). There is also 
negative association between “chance control” and PA among PE teachers (p < .05) and 
between “chance control” and nutrition among Other Subjects teachers (p < .05).

Additionally correlation coefficients between smoking status and psychological 
variables were calculated (not shown in tables). There are significant positive associa-
tions between self-efficacy and non-smoking status in all research groups (from r = .64,  
p < .05 to r = .85, p < .05). In reference to the health locus of control variables “chance con-
trol” and “powerful others control” are positively associated (r = .26, p < .05 and r = .35,  
p < .01, respectively) with smoking habits in PE teachers. The results of logistic regres-
sion were not significant for prediction of psychological variables on smoking status 
among research groups.

DISCUSSION

The results of analyses indicate that health oriented physical education studies favour 
a more healthy lifestyle both during the studies and after starting employment. Higher 
physical activity related to the major of studies of PE students or profession of PE teach-
ers is not surprising (Dinger, 1999; Chevan, 2010; Stera, 2010). The studied physical 
education specialists were characterised by a moderately low percentage of current smok-
ers. The difference is particularly visible between PE and Pedagogy students. Similar 
differences between students of health-related majors and non health-related ones in the 
structure of smoking are noted by D’Abundo (2009). This may indicate that students of 
health-related majors have greater awareness in this respect and that physical activity and 
athletic participation may protect against the uptake and progression of smoking behav-
iours (Patterson, 2004; Emmons, 1998; Seo, 2007). In the current study we noted also 
a significant intergenerational differences in terms of smoking cigarettes. The percent-
ages of smoking teachers are lower than those of smoking students. This confirms that in 
spite of a falling trend in smoking cigarettes it is still a cause for concern in young people 
(Choi, 2003; WHO, 2010). 

The studied physical education specialists were also characterised by better eating hab-
its, although they are far from ideal. The problem of deteriorating eating habits is noted 
among American students (La Fountaine, 2006) and among Turkish students (Karadağ, 
2010). Huang (2003) found in their research that most students do not follow proper die-
tary guidelines, which increases the incidence of obesity in this population and Boström 
(2006) reported that 18–29 year-olds Swedes are the group who eats very little fruit and 
green vegetables. Also university students from South Africa were observed not to follow 
healthy dietary habits (Kazi, 2006). 

Physical education specialists and school teachers are socially perceived as potential 
promoters of positive health behaviour. Hence it is important that their behaviour is in 
line with the educational message. Memis (2010) indicates that teachers in Turkey usually 
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meet this condition better than nurses. On the other hand, head start teachers in Texas 
carrying out nutritional education in the USA, need many changes in their life style first 
(Sharma 2013). The cluster analysis revealed differences in accumulation of health behav-
iour in the studied groups of respondents. For physical education teachers and students 
nutrition patterns and, to a slightly smaller degree, smoking cigarettes are significantly 
differentiating behaviours. This allows, to put it simply, to divide them into two clusters: 
(1) physically active, with good nutrition, rather non-smoking, and (2) most of whom are 
physically active, with definitely worse nutrition, more often smoking. The cluster analy-
sis indicated that physical education students and teachers are differentiated in a similar 
way within the studied health behaviours. The picture of pedagogy students and teachers 
of other subjects is not as clear. Different health behaviours are differentiating for these 
groups. For teachers – physical activity and nutrition, and for pedagogy students – smok-
ing. Here we cannot point out similarity in differentiation of both groups. This indicates 
that health education or health advice is necessary in all majors of studies, not only those 
with a health focus and that its content and methodological approach has to be fundamen-
tally in order to meet various expectations of the groups it is meant for.

In the analysis of psychological variables it was shown that health related self-efficacy 
is a significant predictor for PA, nutrition almost in all studied groups (except for Peda-
gogy students). Also a high correlation was demonstrated between health related self-
efficacy and non-smoking. The respondents who presented a higher level of self-efficacy 
in the area of analysed behaviour, presented at the same time more beneficial indicators. 
The predictiveness of self-efficacy is reference to health behaviour is indicated in litera-
ture (Luszczynska, 2004) and used in constructing educational intervention (Luszczyn-
ska, 2007).

Health locus of control dimensions (especial “internal control”) have also appeared 
in predicting health behaviour models in the studied groups. Usually higher feeling of 
“internal control” favours more beneficial health behaviour (Steptoe, 2001; Badr, 2005). 
We note a reverse situation among the studied physical education teachers in reference 
to nutrition. Comparable to the results of Grotz (2011), the findings highlights that the 
chance dimension is significantly associated with unhealthy behaviours. We also note that 
their PA increases with the decrease of the role ascribed by them to coincidental, external 
factors in maintaining health.

CONCLUSION

The analysis indicates that the studied groups of current and future educators, including 
health educators, have different health behaviour profiles. It means that they also have 
different educational needs in this respect, which are not commonly diagnosed at Polish 
universities. We also noticed a generation gap between students and teachers manifested 
by worse health behaviour (especially smoking) of current students. All teachers (espe-
cially PE teachers) are responsible for health education in Polish schools. They should 
be deliberately involved (also during study) in activities promoting health-related skills 
and behaviours. This will allow them to be more effective role models for their students 
and create their own health potential more competently. Promotional and intervention 
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programmes could use social-cognitive strategies to increase psychosocial skills and 
competences like self-efficacy or locus of control.
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ABSTRACT

This study was designed to determine the influence of 6 weeks’ MonaVie juice supple-
mentation on body composition and hydration status in young elderly physically active 
women. Sixteen women, students of University of Third Age, were recruited for this study. 
All women were physically active (daily energy expenditure 1681.8 ± 297.6 kcal/d). 
Women were divided into 2 groups: 8 of them applied a supplement MonaVie juice 
(100 ml/d) (S) for 6 weeks, while the eight other women were allocated to the control 
group (C). There were measured: BW, Fat%, TBW, Hb, HCT and erythrocyte indices: 
RBC, mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean 
corpuscular hemoglobin concentration (MCHC). Based on Hb and HCT were calculated 
changes: blood (del BV%), plasma (del PV%) and cell (del CV%) volumes in C and 
S group. Before experiment all body components and hematologic indices were similar  
in C and S group. After 6 weeks of MonaVie supplementation no significant changes in 
body composition but significant decrease: (MCH), (MCHC) and an increase cell volume  
CV% + 2.89 ± 1.24% were found. In control group after 6 weeks period there were no 
significant changes in body components and hematological indices. These observations 
suggest that MonaVie supplementation does not induce significant changes in body com-
position and hydration status in young elderly women, however causes an increase of 
cells volume and a decrease of mean corpuscular hemoglobin concentration.

Keywords: body composition; total body water; women; supplementation; MonaVie juice

INTRODUCTION

The aging process is associated with several physiological and biochemical changes that 
may affect one’s ability to maintain water balance and body composition. These changes 
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involve: the loss of fat free mass (FFM) and increase of body fat (FM). Increase of body 
fatness in aging process is associated with a decrease of the basal metabolism as the 
result of sedentary life style (Evans, 1992; Chernoff, 2005; Roberts & Rosenberg, 2006) 
whereas the decline of fat free mass (FFM) is accompanied by a decrease of total water 
(TBW) content (Chumlea et al., 1999).

Many studies provide evidences, that body hydration status (cellular water content, 
TBW, FFM hydration) is not stable and decreases during aging process (Schoeller, 1989; 
Visser et al., 1997; Baumgartner et al., 1991). In addition to above information, others 
changes as: a decrease in sensation of thirst (Kenney & Chiu, 2001; Chernoff, 2005), 
alterations in plasma vasopressin effectiveness and concentration, a reduction of fluid 
intake (Elmadfa & Meyer, 2008), and a shift in the operation points for control of body 
fluid volume and composition (Mack et al., 1994; Sawka et al., 2007) were observed. 
Limited information is available on water intake, excretion and retention in older humans. 
Bossingham et al. (2005) indicated that healthy old women have maintain of water input, 
output and water equilibrium capable to younger adults and have no apparent changes in 
hydration status until 60 years of age (however TBW starts to decline after approximates 
60 years of age) (Schoeller, 1989).

Fluid retention in the body depends on many factors. In the presence of sufficient 
substrates consumption and adequate amount of ingested drinks, body hydration remains 
at the relatively stable level in healthy people (under normal climate conditions and at 
the defined level of physical activity). The restoration of fluid balance following exercise 
induced dehydration is slower in older humans and depend on the electrolytes content in 
the drinks and solid foods consumed (Kenney & Chiu, 2001) after the exercise. There-
fore, the addition of sodium and potassium to the ingested drinks and solid foods may 
be another important factor in the restoration of fluid balance following exercise induced 
dehydration.

It is known that the diets rich in fruits and vegetables may have beneficial effect on 
many physiological and biochemical processes. Less information is available on influence 
some fruits on changes in body composition and hydration in women after 60 years of 
age. In younger and older adults, fluid intakes, including water consumption ad libitum, 
depends on the fluid taste and feelings of thirst. Therefore interesting was determine the 
effects of fruit juice supplementation on a possibility of keeping water balance and proper 
hydration of body tissues in older women.

The MonaVie juice is a popular nutritional supplement prepared from the Acai berries. 
Acai provides many vitamins, minerals, antioxidant polyphenolics (primarily from antho-
cyanin) (Mertens-Talcott et al., 2008) and other nutrients necessary for health and cells 
regeneration. Xie et al. (2011) found that Acai diet, did not change body composition, 
despite a significant gain in body weight, and alter total cholesterol in ApoE deficient mice. 

PURPOSE

The aim of this study was to determine the influence of 6 weeks of MonaVie juice sup-
plementation on body composition and hydration status in young elderly physically active 
women.
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MATERIAL AND METHODS

Sixteen women, students of The University of Third Age, were recruited for this study 
(age 61.11 ± 5.48 yr, height 156.33 ± 10.27 cm, body mass 70.45 ± 12.08 kg). Women 
were divided into 2 groups: 8 of them applied a supplement MonaVie juice (100 ml/d) 
(S) for a period of 6 weeks, while the eight other women were allocated to the control 
group (C).

Assessments of body components

Before and after 6 weeks in each group body mass and body composition were measured. 
There are various methodologies for determining changes in body components. Among 
them the hydrodensitometry (direct) method has been suggested as a gold standard for 
body composition assessments, however other methods as the bioelectrical impedance 
measurement methods BIA are also commonly used. BIA methods are applied not with-
out objections, but are simple and not expensive to assess body composition (Heitmann, 
1994), and can be performed across a wide range of subjects with regard to age, and body 
shape. In particular multi-frequency BIA (MF-BIA) method was described as a tool able 
to precise assessment of body components as: TBW, ICF and ECF (Volgyi et al., 2007). 
However, single-frequency BIA method (Tanita), incorporates age into their estimation of 
body composition and it is an alternative available option which has been used for esti-
mating body components in young elderly women. Body mass and body composition: as:  
body fat (Fat %, Fat kg), fat free mass (FFM, kg), total body water (TBW kg, TBW/BM %) 
and body mass index (BMI) were assessed using bioelectrical body impedance (BIA) 
method, according to Tanita SC330 (Japan) system. Tanita SC330 body composition 
analyzer is a single- frequency BIA device that uses 4 polar electrodes. This device uses 
single-point load cell weighting system in the scale platform. An algorithm incorporates 
impedance, age and height is use to estimate body components. Body mass (BM) was 
measured to the nearest 0.1 kg.

Assessments of hydration status

The single frequency bioelectrical impedance assumes full hydration and so is unable 
to assess hydration status, therefore the total body hydration status was estimated on the 
basis of biomarkers of hydration status: urine specific gravity (USG) and total body water 
content (TBW) (Bossingham et al., 2005; Sawka et al., 2007). To evaluate a hydration 
of fat-free body mass the ratio (TBW/FFM) was calculated. In this study fasting blood 
were collected on day before and at the last day of 6-week’s period. In the blood samples: 
hemoglobin (Hb), hematocrite (HCT), erythrocytes (RBC) and erythrocyte indicators: 
mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean corpus-
cular hemoglobin concentration (MCHC) were measured, while in the urine samples the 
specific gravity was determined. Based on Hb and HCT values, changes: the blood (del 
BV%), the plasma (del PV%) and cells (del CV%) volumes, in C and S group, were cal-
culated (according to the Dill and Costil formula 1974). Based on the ratio (del PV% / del 
CV%) the relative shift water for ECF and ICF space was calculated, for each tested group. 



82

Assessment of physical activity

Daily physical activity was recorded by an accelerometer Actigraph GT1M (Manufac-
turing Technology Inc., FL, USA) worn for 7 days. For physical activity classification, 
healthy step goal 10,000 steps per day (Hatano, 1993) and more detailed Tudor-Locke 
and Bassett steps/day recommendation were used: <5000 steps/day – sedentary lifestyle 
index; 5000–7499 steps/day – low active; 7500–9999 steps/day – somewhat active; 
≥10,000 steps/day – active; and >12,500 steps/day – highly active. Total daily energy 
expenditure was calculated according to the method prepared by manufacturer.

Statistics

The statistical package Statisica 9 (Stat Soft, 2009) was used for data analysis with sig-
nificant level set at p < 0.05. Statistical analysis was performed with a one-way analysis 
of variance for determine differences between groups and pre- and after 6 weeks period in 
each group. Statistical significance was identified according to the Bonfferoni post-hoc test.

RESULTS

The analysis of subject’s characteristics indicated that there are no significant differ-
ences in body mass and body composition before and after 6 weeks period between C 
and S group. According to definition BMI for older adults, only 5 women were optimal 
weight, while 4 were overweight, and 7 were obese (Table 1). The ratio of TBW/FFM was 
similar in all women (0.731 ± 0.01) and did not change after 6 weeks period.

There were no significant differences in body mass and biomarkers of the body hydra-
tion status: TBW, USG (<1.020 g/dm3) after 6 weeks in C and S group (Table 1), however 
supplemented women had a higher of TBW/BM, greater of D TBW% (+0.76 ± 0.22%), 
FFM and lower BMI (Table 1) after 6 weeks. 

There were no significant changes in body mass and hydration status biomarkers after 
6 weeks period in control group, however in C women was found a decrease of D TBW% 
(−0.54 ± 0.91%). Compared with C group supplemented S women had significant higher 
D TBW% after 6 weeks period (F = 15.67, p < 0.05).

Analysis of hematological indices revealed, that 6-week of MonaVie juice supplemen-
tation induces a small increase of RBC (p > 0.05) but a significant decrease: of (MCHC%) 
and an increase cell volume CV% +2.89 ± 1.24 % (Table 2). After 6 weeks MCHC% was 
significantly lower in S than C group of women (Table 2). 

There was a significant difference in the relative ratio of water shift (del PV% / del 
CV%) to ECF and ICF space after 6-weeks between supplemented (0.60 ± 1.17) and 
control group (1.35 ± 1.79), (F = 10.98, p < 0.01).

According to daily activity monitoring, all women were moderately active per day 
(daily energy expenditure 1681.8 ± 297.6 kcal/d). Based on steps/day classification 
(Tudor-Locke & Bassett, 2004), one woman was classified as low active, nine women as 
somewhat active, four women as active and two as highly active. There was no significant 
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difference between average steps/day values achieved by supplemented group (M ± SD = 
9041 ± 1895) and control group (M ± SD = 9570 ± 1597). 

Table 1. Subject’s characteristics recorded before and after 6-weeks period in control and supplemented 
group of women

Characteristics Women
(n = 16)

Supplemented
Group (N = 8)

Control
Group (N = 8)

Age (y) 64.11 ± 5.48 61.85 ± 1.34 65.56 ± 7.45

Height (cm) 156.33 ± 10.27 158.86 ± 2.67 158.31 ± 2.91

Body mass (kg)  70.45 ± 12.08  69.34 ± 14.31a

 68.87 ± 14.31b
  71.82 ± 11.38a

  71.46 ± 10.84b

Body Fat (kg) 27.59 ± 9.11 24.91 ± 9.73a

25.50 ± 9.98b
29.94 ± 8.82a

29.41 ± 8.80b

FFM (kg) 43.95 ± 5.26 44.43 ± 5.51a

43.37 ± 5.38b
41.88 ± 4.18a

42.04 ± 2.88b

TBW/BM (%) 44.94 ± 5.26 46.35 ± 6.16a

46.95 ± 5.31b
43.08 ± 4.52a

43.62 ± 4.83b

TBW (kg) 31.44 ± 3.09 32.74 ± 3.73a

31.71 ± 3.93b
30.55 ± 0.48a

30.76 ± 1.97b

BMI (kg/m2) 28.65 ± 5.02 29.31 ± 5.93a

27.65 ± 4.94b
28.78 ± 5.00a

28.71 ± 5.01b

Legend: a – before experiment; b – after 6-week’s period; FFM – fat free mass; TBW/BM – total body 
water / body mass; TBW – total body water; BMI – body mass index

Table 2. Changes in blood (BV%), plasma (PV%) and cell (CV%) volume, the number of erythrocytes 
(RBC) and erythrocyte indicators: mean corpuscular volume (MCV), mean corpuscular hemoglobin 
(MCH), mean corpuscular hemoglobin concentration (MCHC) before and after 6-weeks period in 
control and supplemented group of women 

Hematologic 
characteristics

Women
(n = 16)

Supplemented
Group (N = 8)

Control
Group (N = 8)

RBC  4.71 ± 0.28 4.61 ± 0.31a

4.82 ± 0.29b
4.70 ± 0.29a

4.75 ± 0.23b

Hb (g/dl) 140.09 ± 7.81 139.75 ± 6.27a

140.09 ± 8.58b
139.75 ± 9.07a

   140.75 ± 8.63b

HCT (%) 41.61 ± 2.57 40.87 ± 1.9a

42.28 ± 2.28b
42.12 ± 2.1a

41.25 ± 3.0b

MCV (fl) 88.75 ± 2.91 90.25 ± 2.60 a

88.42 ± 1.71b
89.56 ± 2.83a

86.73 ± 3.32b

MHC (pg) 30.64 ± 0.93 30.61 ± 1.24a

29.39 ± 0.76b
30.06 ± 0.59a

29.73 ± 0.61b

MCHC (%) 21.07 ± 0.53 21.37 ± 0.32a⇓∞
20.59 ± 0.31b

20.81 ± 0.37a⇑∞
21.45 ± 0.60b **

MPV (fl)  9.50 ± 1.07⇑ 8.88 ± 0.96a⇑∞
9.01 ± 0.90b

9.67 ± 0.81a

10.42 ± 0.38b
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D BV (%) −0.18 ± 3.47 0.31 ± 3.98a–b −0.68 ± 3.06a–b

D PV (%) −0.20 ± 3.41 −0.89 ± 3.68a–b 0.49 ± 3.20a–b

D CV (%) 0.001 ± 3.55 +2.89 ± 1.22a–b ⇑ −2.53 ± 2.53a–b ***

Legend: * – Significantly different between S and C group (p < 0.05); ** – p < 0.001; *** – p < 0.0001; 
∞ – Significantly different between a and b (p < 0.05), ∞∞ (p < 0.001), ∞∞∞ (p < 0.0001); a – before 
experiment; b – after 6-week’s period; Hb – hemoglobin; HCT – hematocrite; RBC – erythrocytes; and 
erythrocyte indicators: mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean 
corpuscular hemoglobin concentration (MCHC), changes in blood (D BV%), plasma (D PV%) and cell 
(D CV%) volumes

DISCUSSION

This study aimed to investigate the impact of 6 weeks of MonaVie juice supplementa-
tion on body composition and hydration status in young elderly women. Several body 
direct (BM, FFM, FAT, TBW, BMI) (estimated via BIA method) and indirect (TBW/BM, 
D TBW%, TBW/FFM – calculated), compounds were chosen to identify the influence of 
MonaVie supplementation. We indicated that MonaVie juice supplementation for 6 weeks 
did not influence on body mass and BM, FFM, FAT, TBW, BMI in young elderly women. 
Based on steps/day classification (Hatano, 1993), only 37.5% of women accomplished 
recommended 10,000 steps/day. Moreover, daily total energy expenditure level of the 
study participants (M ± SD = 1681.8 ± 297.6 kcal) was lower compared to 60–70 yr 
women in Johannsen et al. (2008) study (TEE ~ 2200 kcal/d).

In connection with aging process, many questions concern the tissue hydration stabil-
ity (Wang et al., 1999) and maintain a proper body composition in elderly humans. Older 
humans are generally adequate hydrate but they are more susceptible on dehydration, 
because they have a slower water and sodium excretion and have a lower thirst (Sawka 
et al., 2007). It is know that the total amount of water in the body (TBW) is essential to 
a full description of humans body composition (Wang et al., 1999). If TBW values are 
available (by assuming that TBW is constant), estimation can be made for various body 
components including FFM, FM.

The fat-free body mass (FFM) hydration (TBW/FFM) is remarkably stable at 0.73, 
but may be decreased in elderly and in obese humans (Visser & Gallagher, 1998; Waki 
et al., 1991; Wang et al., 1999). The results of our study showed that regardless of apply 
a dietary of MonaVie juice supplementation or not, 65 years women had comparable body 
composition, fat-free body mass hydration before and after 6 weeks period.

Water is the most abundant ingredient in the humans body and it plays an essential role 
in the regulatory of cell volume, nutritional transport, waste removal and thermal regula-
tion. Daily water balance depends on the net differences between water gain and water 
loss. Water gain occurs from consumption and production (metabolic water) while water 
loss occur from respiratory, gastrointestinal, renal and sweat losses (Sawka et al., 2007). 
Activation of homeostasis mechanisms to maintenance of body hydration usually occurs 
in stressful conditions. The stability of body weight for 6-weeks in both groups of women 
suggests, that supplementation not changes total body water content and body hydration 
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status significantly, but may influence on a time course of rehydration and expansion of 
extracellular or intracellular fluid volume.

In many studies TBW has been expressed as the sum of water distributed in intracellu-
lar (ICW) and extracellular (ECW) space. The distribution of body fluid within the intra-
cellular and extracellular compartments determines proper physiological processes. We 
indicated that 6-weeks MonaVie juice supplementation resulted in a significantly increase 
of TBW (+0.75% vs −0.54%, p < 0.001) and a significant increase of cellular volume 
(D CV%), and decrease of mean corpuscular hemoglobin concentration (MCHC%) and 
greater shift of water into cellular than extracellular space (D PV% / D CV %).

Changes of MVC (CV), MCHC and RBC may be good parameters to analyze quantify 
of RBC damage. It is known that older RBC with smaller size and higher hemoglobin 
concentration (MCHC) are destroyed faster than younger RBC with larger size and lower 
hemoglobin concentration. RCB cells deformability decides on their sensitivity to sub-
hemolitic injuries associated with oxidative stress. Therefore, the results of the present 
experiment provide evidences that the MonaVie juice supplementation may induces some 
changes in the sensitivity of erythrocytes to harmful factors (preventing them from dam-
age).

An important observation of the present study was to show the increase of cellular 
(del CV%) volume in women after 6 weeks of MonaVie juice supplementation. Fruit and 
vegetables are rich in potassium. The MonaVie juice is a supplement prepared from the 
Acai berries. Acai berries provide many vitamins, minerals, antioxidants. In 100 g Acai 
there is 932 mg potassium, 56 mg sodium and 1.02 g anthocyanins (Mertens-Talcott  
et al., 2008). It can be assumed that an increase of cell volume may be caused by the high 
potassium and antioxidants content in the MonaVie juice. Potassium is the major ion in 
the intracellular fluid and Maughan et al. (1997), Demigne et al. (2004) postulated that 
the inclusion of potassium into drinks consumed after sweat loss may aid in rehydration 
by enhancing the retention of water in the ICF space. On the other hand, a high content 
of antioxidants in the MonaVie juice could have a beneficial effect on cell volume by 
enter antioxidants to cells and better protect of cells from oxidative damage (Holderness  
et al., 2011). It may be suggested that increase of cellular volume (del CV%) and decrease 
MCHC% after the MonaVie supplementation in S women, similar as in Holderness et al. 
(2011) studies, indicated an improvement of protection erythrocytes from damage.

However, it is worth mention that low sample size tested women not allowing general-
izing results of this study to whole population of young elderly women.

CONCLUSION

The results of this research suggests that 6-weeks of MonaVie juice supplementation did 
not influence body composition and total hydration status in young elderly women, how-
ever had an impact on cell volume (CV) and mean corpuscular hemoglobin concentration 
(MCHC). The increase of RBC, CV and decrease of MCHC observed after the 6 weeks 
of MonaVie juice supplementation in young elderly women causes changes in the char-
acteristics of red blood cells, which provides evidences that cell (erythrocyte) protection 
has been improved.



86

REFERENCES

BAUMGARTNER, R. N., STAUBER, P. M., MCHUGH, D., et al. (1995). Cross-sectional age-differences in 
body composition in person 60+ years of age. J Gerontol 50, M307–M316.

BOSSINGHAM, M. J., CARNELL, N. S., CAMPBELL, W. W. (2005). Water balance, hydration status, and 
fat-free mass hydration in younger and older adults. Am J Clin Nutr 81, 1342–1350.

CHERNOFF, R. (2005). Micronutrient requirements in older women. Am J Clin Nutr 81, 1240S–1245S.
CHUMLEA, W. C., GUO, S. S., ZELLER, C. M., et al. (1999). Total body water data for white adults 18 to 

64 years of age: the fels longitudinal study. Kidney Int 56, 244–252.
DEMIGNE, CH., SABBOH, H., REMESY, CH., MENETON, P. (2004). Protective effects of high dietary potas-

sium: nutritional and metabolic aspects. J Nutr 134, 2903–2906.
DILL, D., COSTIL, D. (1974). Calculation of percentage changes in volumes of blood, plasma and red cells in 

dehydration. J Appl Physiol. 37, 247–248.
ELMADFA, I., MEYER, A. L. (2008). Body composition, changing physiological functions and nutrient 

requirements of the elderly. Ann Nutr Metab 52 (suppl. 1), 2–5.
EVANS, W. J. (1992). Exercise, nutrition and aging. J Nutr 122, 796–801.
HATANO, Y. (1993). Use of the pedometer for promoting daily walking exercise. ICHPER 29, 4–8.
HEITMANN, B. L. (1994). Impedance: a valid method in assessment of body composition? Eur J Clin Nutr 64, 

228–240.
HOLDERNESS, J., SCHEPETKIN, I. A., FREEDMAN, B., et al. (2011). Polysaccharides isolated from Açaí 

fruit induce innate immune responses. PLOS ONE 6(2), e17301.
MACK, G. W., WESEMAN, C. A., LANGHANS, G. W., et al. (1994). Body fluid balance in dehydrated healthy 

older men: Thirst and renal osmoregulation. J Appl Physiol 76(4), 1615–1623.
MAUGHAN, R. J., LEIPER, J. B., SHIRREFFS, S. M. (1997). Factors influencing the restoration of fluid and 

electrolyte balance after exercise in the heat. Br J Sports Med. 31, 175–182.
MERTENS-TALCOTT, S. U., RIOS, J., JILMA-STOHLAWETZ, P., et. al. (2008). Pharmacokinetics of antho-

cyanins and antioxidant effects after the consumption of anthocyanin-rich Acai juice and pulp (Euterpe 
oleracea Mart.) in human healthy volunteers. J Agric Food Chem 56, 7796–7802

JOHANNSEN, D. I., DELANY, J. P., FRISARD, M. I., et al. (2008). Physical activity in aging: Comparison 
among young, aged, and nonagenarian individuals. J Appl Physiol 105, 495–501. 

KENNEY, W. L., CHIU, P. (2001). Influence of age on thirst and fluid intake. Med Sci Sports Exerc 33(9), 
1524–1532.

ROBERTS, S. B., ROSENBERG, I. (2006). Nutrition and aging: changes in the regulation of energy metabolism 
with aging. Physiol Rev. 86, 651–667.

SAWKA, M. N., BURKE, L. M., EICHNER, E. R., et al. (2007). American College of Sports Medicine position 
stand. Exercise and fluid replacement. Med Sci Sports Exerc. 39(2), 377–390. 

SCHOELLER, D. A. (1989). Changes in total body water with age. Am J Clin Nutr 50, 1176–81.
TUDOR-LOCKE, C., BASSETT, R. (2004). How many steps/day are enough? Preliminary pedometer indices 

for public health. Sports Med 34(1), 1–8.
WAKI, M., KRAL, J., MAZARIEGOS, M., et al. (1991). Relative expansion of extracellular fluid in obese vs 

nonobese women. Am J Physiol (Endocrinol. Metab) 261, E199–E203.
WANG, Z., DEURENBERG, P., WANG, W., et al. (1999). Hydration of fat-free body mass: new physiological 

modeling approach. Am J Physiol (Endocrinol. Metab) 276, E995–E1003.
VISSER, M., GALLAGHER, D., DEURENBERGER, P., et al. (1997). Density of fat-free body mass: relation-

ship with race, age, and level of body fatness. Am J Physiol. 272, E781–E787.
VÖLGYI, E., TYLAVSKY, F. A., LYYTIKÄINEN, A., et al. (2008). Assessing body composition with DXA 

and bioimpedance: effects of obesity, physical activity, and age. Obesity 16(3), 700–705.
XIE, CH., KANG, J., BURRIS, R., et al. (2011). Acai juice attenuates atherosclerosis in ApoE deficient mice 

through antioxidant and anti-inflammatory activities. Atherosclerosis 216, 327–333.

Ilona Pokora
i.pokora@awf.katowice.pl



8787

ACTA UNIVERSITATIS CAROLINAE
KINANTHROPOLOGICA Vol. 50, 2 – 2014 Pag. 87–97

PALACKY UNIVERSITY IN OLOMOUC,
FACULTY OF PHYSICAL CULTURE1

CHARLES UNIVERSITY IN PRAGUE,
FACULTY OF PHYSICAL EDUCATION AND SPORT2

FACULTY OF EDUCATION3

DEVELOPMENT OF THE MOTOR FUNCTIONS  
IN 7–15-YEAR-OLD CHILDREN:  
THE CZECH NATIONAL STUDY

RUDOLF PSOTTA1, JAN HENDL2, JAKUB KOKŠTEJN2,  
GABRIELA JAHODOVÁ3, MILAN ELFMARK1

ABSTRACT

The aim of the national study was to assess the development of motor functions in the 
population of the Czech children. A Czech representative sample of 7–15-year-old chil-
dren (n = 1076) was assessed on fine manual coordination, gross motor coordination and 
balance using the Movement Assessment Battery for Children-2 (MABC-2). Concurrent-
ly, the cross-cultural validity of the MABC-2 was examined on a basis of the comparison 
of results of the testing to the test performance reported for the United Kingdom sample. 

Unimanual and bimanual coordination, and visuomotor coordination associated the 
aiming and timing interceptive tasks improved up to 12–15-year-old children. The Czech 
girls demonstrated the mature static balance at the age of 7 years, while the Czech boys 
by two years later. The study showed that the MABC-2 can be a valid method for assess-
ment of gross motor coordination in the Czech children. Before use of this test battery in 
research and educational and clinical practice in the Czech Republic, an adjustment of the 
norms of the manual dexterity and balance tests is needed.

Keywords: coordination; manual dexterity; aiming; catching; balance; test

INTRODUCTION

The national surveys of physical competency of the Czech children done during the last 
three decades were focused primarily on physical performance while motor development 
assessment with larger cohorts were not carry out in the Czech Republic (CR). The physi-
cal fitness test systems as the Eurofit (Council of Europe, 1993) and Unifittest (Měkota 
& Blahuš, 1995) can provide information on some health-related components, however 
performance demonstrated in these tests is usually affected by anthropometric measures 
of a child (Milanese et al., 2010). Besides the physical fitness testing, assessment of 
child’s motor development by the movement coordination tests can serve as the useful 
indirect indicator of a level of the motor functions.
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In a current population of the children increased prevalence of the specific develop-
mental disorders including motor difficulties was reported (Boyle et al., 2011). Then the 
knowledge on typical patterns of development of motor functions seems to be very useful 
for the diagnostical puposes. Therefore the first aim of the study was to describe the level 
of motor coordination in the Czech children of different age.

Motor coordination assessment in children is carried out by professionals in physical 
education and sport, child psychology, special education and pediatrics. However, in the 
CR no broadly used diagnostic tool for motor coordination assessment of children exists. 
On the basis of considerable structural and content changes of the Movement Assessment 
Battery for Children (Henderson & Sugden, 1992), the new version of this battery was 
developed – the MABC-2 (Henderson, Sugden, & Barnett, 2007). This battery enables 
assessment of overall motor coordination and separately fine motor coordination (manual 
dexterity), gross motor coordination (aiming and catching) and balance.

To use the MABC-2 in the population of Czech children, the cross-cultural validity 
of the battery should be examined. The previous studies focused on examination of the 
MABC in some European countries concluded that the battery can be a useful tool for 
assessment of motor development, however after relevant adjustment of the norms (e.g. 
Ellinoudis, Kourtessis, & Kiparissis, 2008; Ruiz, Graupera, Gutiérrez, & Miyahara, 
2003). Therefore the second aim of the study was to examine the cross-cultural validity 
of the MABC-2 for the Czech children.

METHODS

Design and subjects

The MABC-2 was used in the Czech sample of 7–15-year-old children (n = 1076) formed 
by a random selection of 20 primary public schools from all the geographical regions of 
the CR (a sample size of each age and gender group – see tab. 1–4). Children with physi-
cal and other neurological disabilities were not tested. Raw scores were used to analyse 
the significance of the age factor on motor test performance. The assessment of cross-
cultural validity of the MABC-2 was based on comparison of the motor tasks performance 
in the Czech sample and the United Kingdom (UK) standardisation sample of the same 
age (n = 741) reported in the MABC-2 Examiner’s Manual by Henderson et al. (2007).

Procedures

Before testing, pilot verification of the tests in the 7–15-year-old children (n = 32) was 
completed. On the basis of the verification, the formulation of verbal instructions to chil-
dren was specified. Fifteen trained testers with a university master’s or Ph.D. degree in 
physical education, adapted physical education or kinanthropology, performed the testing 
with the children.

The children were tested in the classrooms and gyms during morning hours. Testing 
was always running with a group of the 5–8 children going from one station to another 
one. The study had been approved by the Ethical committee of the faculty and by the 
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Czech Science Foundation. The study was conducted in accordance with the Declaration 
of Helsinki. Testing was completed in the schools after receiving the informed consent of 
parents of the children and the school principals.

Motor asssessment

Two age-adjusted test sets of the MABC-2 – for the age band of 7–10 years (AB2) and 
11–16 years (AB3) used contained: 

1) three tests of manual dexterity – placing pegs (MD 1), threading lace (MD 2), draw-
ing trail (MD 3) in the AB2; turning pegs (MD 1), triangle with nuts and bolts (MD 2) and 
drawing trail (MD 3) in the AB3; 

2) two tests aiming & catching – catching with two hands (AC 1) and throwing bean-
bag onto mat (AC 2) in the AB2; catching with one hand (AC 1) and throwing at wall 
target (AC 2) in the AB3; 3);

3) three balance tests – one-board balance (Bal 1), walking heel-to toe forward (Bal 2) 
and hopping on mats (Bal 3) in the AB2; two-board balance (Bal 1), walking toe-to-heel 
backwards (Bal 2) and zig-zag hopping (Bal 3) in the AB3.

Scoring of test performance and convertion of raw scores to the standard scores (SS) 
was completed according to the MABC-2 Examiner’s Manual (Henderson et al., 2007). 
Reliability and objectivity of the MABC-2 AB3 was reported as intraclass correlation 
0.62–0.92, and 0.92–1.00. The stability of SS of three motor components and total test 
score (TTS) was assessed with SEM = 1.20–1.56 SS (on the scale 1–19 SS, with M ± SD 
10 ± 3 SS) (Henderson et al., 2007).

Data analysis

The significance of age on the test performance was analysed using the Kruskal-Wallis 
test followed by post-hoc multiple comparison test (α = 0.05). The differences of test 
performance between the Czech and UK samples were analysed by the Cohen’s effect 
size coefficient d with pooled SD. The values d < 0.50, d = 0.50–0.80 and d > 0.80 were 
interpreted as a small, medium and large effect of age, respectively (Cohen, 1988). The 
difference was finally interpreted as significant if the practical difference d ≥ 0.50 was 
confirmed by the two-tailed z-test as statistically significant (α = 0.05). For the analyses 
the NCSS Statistical Software version 2007 (Kaysville, Utah, USA) was used.

RESULTS

Age variations of the motor performance

Manual dexterity performance in the MD 1 and MD 2 tests improved during the prepu-
bescence (7–10 yrs.) and pubescence (11–15 yrs.) in both genders, with statistical signifi-
cance of the age factor (α = 0.05). On the other hand, age wasn’t found as a significant 
factor of a number of errors in drawing trail (MD 3) in both boys and girls (tab. 1–4). 
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Table 1. Performance in the MABC-2 tests in the 7–10 years old boys (n = 251)

MD 1 pref. hand (s) MD 1 non-pref. hand (s) MD 2 (s) MD 3 (n. of errors)
age Mdn Min Max age Mdn Min Max age Mdn Min Max age Mdn Min Max
 7 32 23 39  7 36 29 47  7 32 23 50  7 0 0 2
 8 29 19 41  8 32  0 42  8 28 18 41  8 0 0 2
 9 26 20 38  9 30 20 36  9 22 15 36  9 0 0 4
10 25 16 46 10 29 18 58 10 22 15 56 10 0 0 3

p = 0.0000 p = 0.0000 p = 0.0000 p = 0.8211
7 vs 9, 10; 8 vs 9, 10 7 vs 9, 10; 8 vs 10 7, 8 vs 9, 10   
AC 1 (n. of catches) AC 2 (n. of hits) Bal 1 better leg (s) Bal 1 other leg (s)

age Mdn Min Max age Mdn Min Max age Mdn Min Max age Mdn Min Max
 7 6 0 10  7 6 2  9  7 23 4 30  7 22 3 30
 8 8 1 10  8 7 1 10  8 20 2 30  8 20 2 30
 9 7 0 10  9 8 0 10  9 30 3 30  9 21 3 30
10 9 0 10 10 8 1 10 10 30 5 30 10 30 3 30

p = 0.0023 p = 0.0008 p = 0.0000 p = 0.3648
7 vs 10 7, 8 vs 10 8 vs 10

Bal 2 (n. of steps) Bal 3 better leg  
(n. of jumps)

Bal 3 other leg  
(n. of jumps)

age Mdn Min Max age Mdn Min Max age Mdn Min Max
 7 15 8 15  7 5 1 5  7 5 0 5
 8 15 3 15  8 5 1 5  8 5 1 5
 9 15 3 15  9 5 2 5  9 5 1 5
10 15 4 15 10 5 4 5 10 5 1 5

p = 0.0241 p = 0.0102 p = 0.0910

Legend: Mdn – median; Min, Max – minimum and maximum value; p = a significance level in the 
Kruskal-Wallis test; 7 vs 9 – significant difference between two age groups in the post hoc comparison 
test (α = 0.05)

Age was found the significant factor of performance in the aiming and catching tests 
(AC 1, AC 2) in the prepubescent and pubescent children of both genders (tab. 1–4), with 
exception no significant effect of the age on the number of hits in throwing at wall target 
(AC 2) in the 11–15-year-old girls (tab. 4).
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Table 2. Performance in the MABC-2 tests in the 11–15 years old boys (n = 310)

MD 1 pref. hand (s) MD 1 non-pref. hand (s) MD 2 (s) MD 3 (n. of errors)
age Mdn Min Max age Mdn Min Max age Mdn Min Max age Mdn Min Max
11 21 16 34 11 23 16 36 11 41 21 70 11 0 0 4
12 19 15 70 12 22 16 50 12 38 24 79 12 0 0 3
13 19 14 25 13 21 15 27 13 35 24 68 13 0 0 4
14 19 13 27 14 22 13 30 14 39 23 48 14 0 0 3
15 19 16 23 15 22 16 27 15 35 25 48 15 0 0 1

 p = 0.0310 p = 0.0192 p = 0.0205 p = 0.1479
11 vs 12, 13 11 vs 13 11 vs 13  

AC 1 pref. hand (n. of 
catches)

AC 1 non-pref. hand 
(n. of catches)  AC 2 (n. of hits)

age Mdn Min Max age Mdn Min Max age Mdn Min Max
11 8 0 10 11 7 0 10 11 6 2 10
12 9 0 10 12 7 0 10 12 6 1 10
13 9 2 10 13 9 0 10 13 6 1 10
14 9 0 10 14 8 0 10 14 7 4 10
15 10 4 10 15 9 2 10 15 7 3 10

p = 0.0003 p = 0.0000 p = 0.0034 
11, 12 vs 15 11 vs 13, 15; 12 vs 14, 15 11 vs 14 

Bal 1 (s) Bal 2 (n. of steps) Bal 3 better leg  
(n. of jumps)

Bal 3 other leg  
(n. of jumps)

age Mdn Min Max age Mdn Min Max age Mdn Min Max age Mdn Min Max
11 30 2 30 11 15 2 15 11 5 1 5 11 5 1 5
12 30 2 101 12 15 0 15 12 5 0 5 12 5 1 5
13 30 3 30 13 15 1 15 13 5 4 5 13 5 1 5
14 30 4 30 14 15 2 15 14 5 3 5 14 5 5 5
15 30 2 30 15 15 3 15 15 5 5 5 15 5 5 5

p = 0.7103 p = 0.1122 p = 0.8294 p = 0.0565

Legend: Mdn – median; Min, Max – minimum and maximum value; p = a significance level in the 
Kruskal-Wallis test; 11 vs 12 – significant difference between two age groups in the post hoc 
comparison test (α = 0.05) 

Significant improvement of balance performance of boys was found only during the 
prepubescent (7–10 yrs.) stage, but static and dynamic balance performance in the Bal 1 
and Bal 3 test, respectively, was not significantly affected by age (tab. 1).

In the prepubescent girls, age was the significant factor of one-board balance with both 
better and other leg (Bal 1), and hopping on mats with better leg (Bal 3) (tab. 3). In the 
pubescent girls, age-improved performance in walking toe-to-heel backwards (Bal 2) and 
zig-zag hopping with a better leg (Bal 3) was confirmed statistically as the age factor was 
found as significant (tab. 4).
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Comparison of the AB2 (7–10 yrs.) motor test performance of the Czech a UK samples

Of the all manual dexterity tests, only mean performance in the MD 3 test was signifi-
cantly higher in Czech children (in five Czech age/gender groups) in comparison to the 
UK sample (tab. 5). Results of the aiming and catching tests achieved in the Czech sample 
were not significantly different across the age and gender groups in comparison to perfor-
mance of the UK children. The majority of the age/gender groups of the Czech children 
showed significantly higher performance in the balance tests than the UK sample (tab. 5).

Table 3. Performance in the MABC-2 tests in the 7–10 years old girls (n = 236)

MD 1 pref. hand (s) MD 1 non-pref. hand (s) MD 2 (s) MD 3 (n. of errors)
age Mdn Min Max age Mdn Min Max age Mdn Min Max age Mdn Min Max
 7 31 22 42  7 35 21 50  7 30 17 42  7 0 0 2
 8 27 21 41  8 30 22 41  8 26 16 39  8 0 0 3
 9 27 19 38  9 30 37 30  9 22 15 31  9 0 0 2
10 25 16 46 10 28 21 48 10 21 14 78 10 0 0 2

p = 0.0000 p = 0.0000 p = 0.0000 p = 0.4147
7 vs 8, 9, 10 7 vs 8, 9, 10 7 vs 8, 9, 10; 8 vs 9, 10  

AC 1 (n. of catches) AC 2 (n. of hits) BAL 1 best leg (s) BAL 1 other leg (s)
age Mdn Min Max age Mdn Min Max age Mdn Min Max age Mdn Min Max
 7 6 0 10  7 6 3 10  7 30 3 30  7 18 3 30
 8 7 0 10  8 6 3 10  8 30 3 30  8 28 4 30
 9 6 0 10  9 7 0 10  9 30 3 30  9 30 3 30
10 8 0 10 10 7 1 10  10 30 6 30 10 30 3 30

p = 0.0011 p = 0.0093 p = 0.0178 p = 0.0006
7, 9 vs 10 8 vs 10  7 vs 9, 10

Bal 2 (n. of steps) Bal 3 best leg  
(n. of jumps)

Bal 3 other leg  
(n. of jumps)

age Mdn Min Max age Mdn Min Max age Mdn Min Max
 7 15 12 15  7 5 1 5  7 5 0 5
 8 15 3 15  8 5 5 5  8 5 0 5
 9 15 4 15  9 5 4 5  9 5 4 5
10 15 13 15 10 5 4 5 10 5 0 5

p = 0.3279 p = 0.0751 p = 0.0140

Legend: Mdn – median; Min, Max – minimum and maximum value; p = a significance level in the 
Kruskal-Wallis test; 7 vs 8 – significant difference between two age groups in the post hoc comparison 
test (α = 0.05)



93

Table 4. Performance in the MABC-2 tests in the 11–15 years old girls (n = 279)

MD 1 pref. hand (s) MD 1 non-pref. hand (s) MD 2 (s) MD 3 (n. of errors)
age Mdn Min Max age Mdn Min Max age Mdn Min Max age Mdn Min Max
11 20 14 27 11 22 15 31 11 43 25 93 11 0 0 2
12 19 14 28 12 23 14 32 12 38 14 58 12 0 0 3
13 18 13 27 13 21 16 33 13 39 26 66 13 0 0 5
14 19 14 25 14 20 15 28 14 36 24 69 14 0 0 1
15 16 7 23 15 18 7 26 15 36 22 58 15 0 0 1

p = 0.0000 p = 0.0000 p = 0.0000 p = 0.1363
11, 12, 13, 14 vs 15 11, 12, 13 vs 15  11 vs 12, 13, 14, 15   

AC 1 pref. hand (n. of 
catches)

AC 1 non-pref. hand 
(n. of catches) AC 2 (n. of hits)

age Mdn Min Max age Mdn Min Max age Mdn Min Max
11 7 0 10 11 6 0 10 11 5 1 9
12 8 0 10 12 6 0 10 12 6 1 10
13 8 0 10 13 7 0 10 13 5 1 9
14 9 1 10 14 8 0 10 14 6 1 9
15 9 1 13 15 9 1 10 15 6 1 10

p = 0.0191 p = 0.0000 p = 0.4934
11 vs 15 11, 12, 13 vs 15; 11 vs 14

Bal 1 (s) Bal 2 (n. of steps) Bal 3 best leg  
(n. of jumps)

Bal 3 other leg  
(n. of jumps)

age Mdn Min Max age Mdn Min Max age Mdn Min Max age Mdn Min Max
11 30 3 30 11 15 1 15 11 5 5 5 11 5 4 5
12 30 3 30 12 15 2 15 12 5 4 5 12 5 1 5
13 30 9 30 13 15 2 15 13 5 5 5 13 5 1 5
14 30 2 30 14 15 2 15 14 5 0 5 14 5 0 5
15 30 5 30 15 15 5 15 15 5 5 5 15 5 4 5

p = 0.3374 p = 0.0590 p = 0.0451 p = 0.3924

Legend: Mdn – median; Min, Max – minimum and maximum value; p = a significance level in the 
Kruskal-Wallis test; 11 vs 15 – significant difference between two age groups in the post hoc 
comparison test (α = 0.05)
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Table 5. The MABC-2 tests which showed significantly different performance of the 7–10-year-old 
Czech boys (B, n = 251) and girls (G, n = 236) in comparison to performance of the United Kingdom 
standardisation sample

test gender age d z-value test gender age d z-value

MD 3

B  7 0.72  2.870*
Bal 2 

B 10 0.57  5.835**
G  7 1.89  11.794** G 10 1.00  9.164**
B  8 0.50  4.202**

Bal 3 

G  8 1.23  9.734**
G  8 0.65  5.025** B  9 0.70  5.969**
G 10 0.57  5.395** G  9 2.00 14.945**

Bal 1

B  7 0.70  2.658* B 10 1.14 10.772**
G  7 1.04  5.983** G 10 0.94  8.293**
B  8 0.54  4.487**
G  8 1.10  8.567**
B  9 0.52  4.316**
G  9 1.12  8.551**
B 10 0.77  7.552**
G 10 1.17 10.512**

Legend: d – Cohen’s effect size coefficient; * – p < 0.05; ** – p < 0.001

Comparison of the AB3 (11–15 yrs.) motor test performance of the Czech  
a UK samples

Mean performance of all the Czech age/gender groups in the MD 3 test was significantly 
higher than the MD 3 performance in the age-relevant UK groups (tab. 6). In a case of 
the MD 2 test, significantly lower performance was found only in the 14-year-old Czech 
boys and 15-year-old girls as compared to the UK sample (tab. 6).

The Czech sample demonstrated no significant differences in performance in the aim-
ing and catching tests in comparison to the UK sample (tab. 6). Among 15 age/tender 
comparisons of the balance test performance in the girls, 6 Czech groups achieved signfi-
cantly higher performance than the UK girls of the relevant age (tab. 6). 
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Table 6. The MABC-2 tests which showed significantly different performance of the 11–15 years old 
Czech boys (B, n = 310) and girls (G, n = 279) in comparison to the performance of the United 
Kingdom standardisation sample 

test gender age d z-value test gender age d z-value
MD 1 B 15 0.67  3.496* AC 1 B 15 0.60 2.778*

MD 2 
B 14 0.55  4.756**

Bal 1 

G 11 0.52 4.636**
B 15 0.57 2.498 G 12 0.54 4.851**
G 15 0.64  3.561* G 13 0.58 7.814

MD 3 

B 11 1.00 11.611** G 15 0.70 3.922**
G 11 1.32 17.600** Bal 2 G 15 0.78 9.000**
B 12 0.87 10.151**

Bal 3 

G 13 0.50 8.058**
G 12 1.20 13.233** B 14 0.60 9.200**
B 13 0.88  8.925** B 15 0.67 NC
G 13 1.30 16.273** B 15 0.67 NC
B 14 0.68  5.781**
G 14 0.90 12.014**
B 15 0.77  5.400**
G 15 0.78  7.000**

Legend: d – Cohen’s effect size coefficient; * – p < 0.05; ** – p < 0.001, NC – no calculation due to 
SD = 0

DISCUSSION

Age variations of the motor functions

The tasks of placing and turning pegs (MD 1 tests) represent unimanual coordination, 
while threading lace and constructing of a triangle by connecting strips with bolts and 
nuts in MD 2 tests require bimanual coordination. Found significance of the age factor 
on performance in these tasks within the both age bands suggested improving in uni- and 
bi-manual coordination during both the prepubescent and pubescent stage. These findings 
are relevant to the general meaning that between age of 6–12 years children typically 
master basic fine motor coordination (Forssberg, 1998).

Although the drawing trail task (MD 3 test) requires unimanual (hand-eye) coordina-
tion as the MD 1 test task, no age-related improvement in drawing was observed. The 
median of number of errors in the drawing task was zero in all age groups of both genders. 
These results suggested mature graphomotor skills already in the 7-year-old children. 
However, these findings suggested a methodological problem of the ceiling effect and 
thus poor sensitivity of the MD 3 test for identification of the developmental improve-
ment of visuomotor functions connected with precise movements with a hand and fingers.

The aiming and catching tasks in the MABC-2 have been considered the indicators 
of gross motor coordination (Henderson et al., 2007). Performance in the both tasks 
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significantly improved with age of the Czech children within the prepubescent and 
pubescent stage. There is opinion that fine and gross motor coordination develop together 
(Hendesron et al., 2007). Concurrent improvement of performance in manual dexterity 
tasks and aiming & catching tasks of the MABC-2 observed in the Czech children could 
result from improved visuomotor coordination of the hand-eye system which underlies 
performing both small and gross movements (Forssberg, 1998).

Development of static balance is considered a basic characteristic of motor develop-
ment (Geuze, 2003). The Czech prepubescent boys and girls demonstrated improvement 
of static one-leg balance (Bal 1), even though significant improvement of balance on 
a worse leg was observed in boys till at age of 10 years. The maximal score of maintaining 
static balance position 30 s with better leg was observed as early as at the age of 7 years 
in girls and 9 years in boys. Maturation of the static balance on a non-dominant leg in 
this task was delayed by 1–2 years in comparison to the balance on a dominant leg. The 
dynamic balance demonstrated in the tasks of walking and jumping in the Bal 2 and Bal 3 
tests seemed to be mature as early as at the age of 7 years in both genders. However, the 
problem of the ceiling effect of these tests has to be again considered when 15 steps and 
5 jumps, respectively, are the maximal raw scores fot these tests.

Comparison of motor performance in the MABC-2 between the Czech and UK sample

The unequivocal significant tendency of higher performance in the Czech children in the 
drawing trail test (MD 3) was found in comparison to performance of the UK sample, 
with exception of the 9-year-old Czech children. The assessment of gross motor coordi-
nation with the aiming and catching test of the MABC-2 showed to be valid for the both 
prepubescent and pubescent Czech children. 

Besides the manual dexterity test MD 3, performance in the static balance test Bal 1 
showed the largest differences (higher scores) in comparison to the mean performance of 
the UK standardisation sample. The similar problem with cross-cultural validity of the 
norms was also found in the case of the dynamic test Bal 3 (jumping), with exception for 
the 7 and 12-year-old subjects.

Prevalence of developmental motor difficulties in the Czech children

Total test score TTS ≤ 5th percentile denoting having a significant motor difficulties was 
found in the 0.6% of the prepubescents and 1.4% of pubescents. The prevalence of devel-
opmental coordination disorder among the European and north-american populations of 
children was estimated as 2–4% (Barnhart, 2003). A little lower incidence of motor diffi-
culties found in the study could be partly explained by using various diagnostical tools in 
the studies, but also by the fact that the Czech sample originated from the public schools 
and do not included the subjects from schools providing educational programs for the 
children with severe developmental disorders.
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CONCLUSION

Unimanual and bimanual coordination in the tasks requiring both speed and accuracy, 
and visuomotor coordination used in the aiming tasks and timing interceptive tasks can 
improve up to 12–15 years-old children. The Czech girls demonstrated the mature static 
balance at the age of 7 years, while the Czech boys by two years later. The study showed 
that the MABC-2 can be a valid method for assessment of gross motor coordination in the 
Czech prepubescent and pubescent children. Before use of this test battery in research and 
educational, psychological and clinical practice in Czech Republic, an adjustment of the 
norms of the manual dexterity and balance tests for the relevant age groups are needed.
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ABSTRACT

In today’s world, when many offenders are well-equipped with firearms and ready to use 
them to avoid their apprehension, when the threat of a terrorist attack is high, when war 
conflicts are increasingly conducted within city borders (urban warfare), the skill of pre-
cise and quick elimination of an enemy is vital for members of law enforcement agencies 
operating in physically demanding situations.

The goal of this paper is to examine the effect of maximum heart rate on the pistol 
shooting performance by analyzing precision target shooting data of a set of 8 participants 
all coming from the ranks of the Police of the Czech Republic. This paper represents an 
empirical descriptive study. In order to find out statistical significance, we used the statis-
tical method of a paired two-sample t-test. We organized the collected data by comparing 
arithmetic means. For grouping and interpretation of target shooting data, we utilized the 
method of finding the central point of shots at a target. The Sport tester, a monitoring 
device, helped provide the values of maximum heart rate. Based on the data collected, 
we conclude that maximum heart rate has a statistically significant effect on precision of 
target shooting. This precision was defined by the average distance of individual shots 
at a target from the central point of impact. We also found that the size of this distance 
before and after intense physical activity can be influenced sport activities that respond-
ents perform as their hobbies.

Keywords: shooting; physical activity; resting heart rate; relaxed state heart rate; maxi-
mum heart rate

INTRODUCTION

In today’s world, when many offenders are well-equipped with firearms and ready to use 
them to avoid their arrests, when the threat of a terrorist attack is high, when war conflicts 
are increasingly conducted within city borders (urban warfare), the skill of precise and 
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quick elimination of an enemy is vital for members of law enforcement agencies operat-
ing in physically demanding situations.

In the Czech Republic, this phenomenon relates to troops of the Czech Armed Forces 
operating in foreign deployments and specialized units concerned with fighting organ-
ized crime, terrorism and arresting dangerous individuals within the borders of the Czech 
Republic. These units include local municipal police departments, the Rapid reaction 
unit – an elite Anti-Terrorist Unit of the Czech Police, and specialized bodies such as 
Customs Service of the Czech Republic and Prison Service of the Czech Republic.

To carry out their work, these specialized units are quite flexible in operations and 
utilize the element of surprise in their tactics. The surprise aspect is significantly related 
to a quick approach to the target which with weapons and additional equipment can be 
compared to a moderate-intensity endurance performance such as a 400 m sprinting event 
or one lineup change in ice hockey. However, if we take into account that this kind of 
performance is concluded with point shooting, in other words “target focused shooting”, 
it is necessary to pose the following question: Will the shooting be executed precisely 
enough? In this aspect we have to consider that shooting which follows intense physical 
activity can present a certain level of variance from shooting in relaxed state. This vari-
ance can be attributed to a short-term physical fatigue impairing the brain’s motor centers 
and hence effecting fine motor skills necessary for the upcoming shot.

The aforementioned conditions for shooting will be simulated by physical activity 
during which the heart rate of tested individuals will be reaching maximum values. We 
then assess their shooting performance for preciseness during a normal resting heart rate 
(phase 1 of the trial) and the maximum heart rate (phase 2 of the trial).

The findings of this analysis can find application within the framework of developing 
firearms skills in the context of physical training not only in the Czech Army but also in 
the above mentioned law enforcement units of the Czech Republic.

METHODS

Research participants

The research group (Table 1) consists of 8 participants with the mean age of 30.3 ± 3.5. 
As members of the Rapid reaction unit of the Czech Police operating in Prague, they all 
participate in a minimum of 6 intensive rounds of shooting practice each month. The 
ammunition used starts with the minimum of 2000 bullets per person per month.
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Table 1. Participant characteristics

Participant 
No. 1

Participant 
No. 2

Participant 
No. 3

Participant 
No. 4

Participant 
No. 5

Participant 
No. 6

Participant 
No. 7

Participant 
No. 8

Age  31  34  35  28  26  31  33  25
Height
[cm] 186 191 187 179 186 163 177 184

Weight 
[kg]  81  98  92  81  88  70  83  84

Expected 
max  

heart rate 
[min]

189 186 185 192 194 189 187 195

Physical 
fitness 
back- 

ground

Crossfit
Climbing
Shooting 
Cycling

Martial  
Arts

Crossfit

Boxing
Crossfit
Power- 
lifting

Triathlon
Collective 

sports

Martial  
Arts

Athletics
Cross 

Country
Skiing
Cycling

Crossfit
Martial  

Arts
Climbing

Tenis

Athletics
Martial  

Arts
Cycling

Legend: Physical fitness background – physical activity which participants engage in in their free time

Measuring

The measurement was conducted by using a modified physical stress test to achieve 
maximum heart rate as published in Macek and Radvansky (2011) and Shephard (1987). 
The observation took place in an indoor shooting range STVS MO in Praha-Ruzyne on 
April 19, 2013 at 11:00 a.m. The subjects were introduced to and familiarized with the 
Czech Army’s official safety rules for using firearms as well as the facility safety rules 
and regulations of the shooting range. Because of limited capacity, the group of 8 sub-
jects was divided into two groups – each group consisting of 4 participants. The first 
phase of measuring started with the first group of 4 firing at a target during a normal 
resting heart rate at 11:08 a.m. The same group was then exposed to physical exertion 
which was followed by the second phase of shooting at 11:15 a.m. The last participant 
finished his shooting round at 12:15 a.m. Each trial was in compliance with the offi-
cial legislation of the Czech Armed Forces related to firearms (Vsevojsk 4–2) and the 
facility safety rules and regulations of the shooting range STVS MO Praha-Ruzyne. 
The medical emergency personnel from Medical Emergency Service were on site at 
the time.

Shooting test

The standard distance from the firing line to the target was shortened in our test to the 
distance of 15 m. Each subject used 10 bullets. The time limit for each shot fired was 2 s. 
The total time for each round was 20 s. The schematic diagram of the shooting test can be 
seen in Figure 1. For our test, we chose the Glock 17 pistol which is a standard weapon 
used by the Rapid reaction units in all Regional Directories of the Police of the Czech 
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Republic. In order to remove another research variable represented by weapon modifica-
tion, we consciously decided to use only one type of a handgun design.

Figure 1. Schematic diagram of test
Legend: SL – starting line; FL – firing line

As Table 2 shows, we utilized the 9 × 19 mm Luger Parabellum cartridge which has 
also been adopted as standard ammunition by the Police of the Czech Republic and the 
Czech Army. The bullet is of FMJ (full metal jacket) type which means that a lead core is 
jacketed with an alloy of copper and zinc content. 

Table 2. Technical data of LUGER 9 mm ammunition

Ammunition Bullet type
Cartridge 

length 
[mm]

Cartridge 
weight [g]

Bullet 
weight [g]

Muzzle 
velocity 
[m*s−1]

Muzzle 
energy [J]

9 mm Luger FMJ 29.69 12.15 7.5 390 570

Figure 2 represents the shooting target selected for our study. We chose a standard 
bullseye shooting target No. 4 also used for developing handgun skills based on the Czech 
Army’s Vsevojsk 4–2 regulations.
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Figure 2. Shooting target number No. 4

Physical stress test

For reaching the maximum heart rate, we used the means of a modified version of the 
physical stress test which is described both in the Czech and foreign research literature 
Macek and Radvansky (2011) and Shephard (1987). In accordance with Macek and 
Radvansky (2011), we decided to take advantage of a treadmill ergometer which engages 
more muscle groups of its user as opposed to the cycle ergometer. Hence, the treadmill 
exercise better simulates the real-life physical intensity tested in our study.

The physical stress test began with a treadmill warm-up of light intensity, at the speed 
of 5.5 km/h. Conditions were changed after 2 minutes and speed went up to 10 km/h. The 
intensity of exercise was then continuously increased by +2 km/h every minute until each 
participant refused to continue. Each physical activity took on average 7.5 ± 0.58 min. 
The test administrators used Garmin Forrunner 310XT Sport tester to monitor reaching 
the maximum heart rate of each participant.

Data analysis

All shots were recorded and their values analyzed based on the distance of each hit 
from the centre of the hit and their mean was calculated. The collected data of both 
sets – before the physical stress test (relaxed state) and after the physical stress test 
(maximum heart rate) – was statistically compared by means of calculating the arith-
metic mean, then the standard deviation, statistical dispersion, and finally evaluating 
the level of statistical significance using a paired two-sample t-test. In the test, we use 
the pairwise differences of measured values for the comparison of variational series. 
We test the hypothesis that the mean value of the measurements before and after the 
experiment is equal to 0 (difference in mean value of pairwise measurements is equal 
zero.) The sample was tested for normal distribution by statistical program as part of the 
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t-test. All statistical calculations were performed using adequate functions of Microsoft 
Excel 2010 program.

RESULTS

Using the statistical method of a paired two-sample t-test, we apply the collected data to 
tests our null hypothesis H0 : μ1 = μ2 with an alternative hypothess H1 : μ1 < μ2. The 
level of significance for our data is set at 5%. The value α = 1.95471783903802 × 10–6   

(p < 0.05) is statistically significant (see Table 5). So, we reject the null hypothesis  
(H0 : μ1 = μ2: The results of shooting before and after physical activity are the same. 
We accept the alternative hypothesis (H1 : μ1 < μ2): The results before and after physi-
cal activity are different. The distance between hits before and after physical activity has 
significantly increased from the mean of 3.211 cm from the target’s centre to 5.560 cm.

The representation of data in Table 3 and 4 shows that physical activity intensity 
reaching maximum heart rate has negatively affected the results of shooting of each study 
participant in the form of increased distance average of hits from the centre point.

The greatest average drop is demonstrated among the participants who performed 
best i.e. had the lowest average distance in the first phase of measuring that is before 
the physical test (participants 1, 2, 6). Participant No. 1 shows the exact difference of 
2.53 cm, participant No. 2 shows the difference of 2.83 cm, and the participant No. 3 the 
difference of 2.85 cm. Participants No. 1 and 2 each exhibit more than 100% increase of 
average distance.

Despite this relatively significant drop, the average results before and after physical 
activity is still the lowest of the entire set. By analyzing the subject’s physical fitness 
background, we found that participant No. 1, who achieved the best results, engages in 
firearm shooting in his spare time. Based on the same analysis, we can also speculate 
that the rest of the participants No. 3–8 who mainly engage in power training rather than 
aerobic exercises did not adapt well to shooting after physical activity.

On the hand, the lowest difference is found with participant No. 5, specifically 
1.499 cm. These participant’s hobbies range from power training to endurance activi-
ties which can positively effect his adaptation to anaerobic exercise with lactate thresh-
old reaching the maximum heart rate. The second lowest difference of 1.96 cm was 
achieved by participant No. 8. This participant, just as participant No. 5, is interested in 
power training and endurance training. As mentioned above, these activities can effect 
one’s adaptation to moderate intensity physical activity for reaching the maximum heart 
rate. Participant No. 3 achieved the greatest average distance of hits before and after 
physical activity. Specifically, the average before was 3.86 and after 6.27. This partici-
pant is also involved in power training which can influence his poor results after physical 
activity. When interviewed, this participant revealed that he is quite new at the Rapid 
reaction unit. Therefore, it is likely that his handgun skills are worse than those of the rest 
of the study participants.
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Table 3. Arithmetic mean distance (x)̅ from the target centre values [cm] hit [x1 – x10] shooting in 
relaxed state

HIT Participant 
No. 1

Participant 
No. 2

Participant 
No. 3

Participant 
No. 4

Participant 
No. 5

Participant 
No. 6

Participant 
No. 7

Participant 
No. 8

x1 [cm] 2.9 4.0 3.3 1.4 0.9 3.2 0.6 4.0
x2 [cm] 0.7 0.6 3.7 1.3 1.2 2.7 2.1 3.4
x3 [cm] 1.2 1.3 1.4 5.2 4.6 2.7 4.4 4.2
x4 [cm] 2.4 3.3 2.3 3.7 5.7 3.4 3.2 0.8
x5 [cm] 3.5 1.6 5.1 5.0 3.2 3.3 5.1 4.8
x6 [cm] 4.3 3.0 5.5 4.3 4.4 2.4 4.2 3.5
x7 [cm] 1.8 2.3 4.7 3.9 4.7 1.5 4.6 1.3
x8 [cm] 1.6 1.8 3.3 5.1 5.4 4.3 3.9 1.9
x9 [cm] 1.3 2.4 3.6 4.5 4.1 1.8 2.8 3.7
x10 [cm] 1.7 4.0 5.7 4.0 3.5 4.6 3.2 4.9

x ̅[cm]  2.14  2.43  3.86  3.84  3.77  2.99  3.41  3.25

Table 4. Arithmetic mean distance (x)̅ from the target centre values [cm] hit [x1 – x10] shooting after 
physical activity

HIT Participant 
No. 1

Participant 
No. 2

Participant 
No. 3

Participant 
No. 4

Participant 
No. 5

Participant 
No. 6

Participant 
No. 7

Participant 
No. 8

x1 [cm] 4.6 0.9 2.5  2.1 1.2 2.4 3.2 0.6
x2 [cm] 5.7 4.6 1.6  4.2 3.4 2.3 2.7 1.8
x3 [cm] 4.4 7.2 6.8  3.3 5.4 5.2 2.2 5.6
x4 [cm] 4.8 6.4 7.4  3.8 7.2 5.3 6.1 3.8
x5 [cm] 2.4 6.8 5.0  7.6 6.1 7.3 9.8 5.4
x6 [cm] 3.3 5.2 8.2  5.8 9.3 8.5 9.7 1.1
x7 [cm] 4.5 3.2 7.6  6.5 7.6 5.7 1.0 4.8
x8 [cm] 6.7 4.3 8.2 10.1 6.1 4.8 6.1 7.3
x9 [cm] 5.2 6.2 7.1  8.3 5.3 9.8 8.3 10.3
x10 [cm] 5.1 7.8 8.3  9.2  1.09 8.1 8.6 11.4

x ̅[cm]  4.67  5.26  6.27   6.09   5.269  5.94  5.77 5.21
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Table 5. T-test calculation (x ̅X arithmetic mean values in relaxed state, x ̅Y arithmetic mean values 
after physical activity)

SUBJECT x ̅X [cm] x ̅Y [cm]
1 2.14 4.67
2 2.43 5.26
3 3.86 6.27
4 3.84 6.09
5 3.77   5.269
6 2.99 5.94
7 3.41 5.77
8 3.25 5.21
x̅ 3.21125 5.559875

STANDARD DEVIATION 0.609947487 0.507786972
T-TEST 1.95471783903802 × 10−6

SIGNIFICANCE p < 0.05
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Figure 3. Comparison of arithmetic mean values of distance from the target centre in relaxed state 
(x ̅X) and after physical activity (x ̅Y).

DISCUSSION

The goal of this paper was to assess the effect of physical activity which reaches the val-
ues of maximum heart rate and which is simulated by a physical stress test using gradu-
ally increasing levels of speed on a treadmill ergometer until voluntarily aborting the 
exercise. For our research we selected from the members of the Rapid reaction unit of the 
Czech Police operating in Prague who have handgun shooting experience. The intended 
output of the test was to find statistical differences and statistical significance between 
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values measured before and after physical activity. To evaluate the statistical difference 
between shots fired, we took advantage of a ballistics method of determine the central 
point of impact which is a point surrounded by evenly scattered points of impact (hits) 
executed under the same conditions. (Plihal et al., 2011; Kneubüehl et al., 2008). We then 
determined and compared the arithmetic means of distances of each shot at a target. The 
method of a paired two-sample t-test allowed us to calculate the statistical significance of 
the phase 1 and 2 measurements (Navaro, 2007). Student’s t-test is a commonly used and 
popular parametric test used to test if two sets of data have significantly different mean 
values μ. The concept of statistical significance testing the difference of mean values 
helps us consider the effect of the experimental intervention (Brainina, 2013; Chrázka, 
2007). The test confirms that the probability that observed differences occur by chance 
alone is less that 5%. In other words, it works with a 95% certainty. In our study, we 
tested the null hypothesis H0 : μ1 = μ2 and the alternative hypothesis H1 : μ1 < μ2 at 
the 0.05 level of significance. The value α = 1.95471783903802 × 10−6 (p < 0.05) was 
statistically significant (see Table 5).

In this case we have to reject the null hypothesis (H0 : μ1 = μ2): The results of tar-
get shooting before and after physical activity are the same. We accept the alternative 
hypothesis (H1 : μ1 < μ2): The results of target shooting before and after physical 
activity are different. We then conclude that physical activity which reaches the values of 
maximum heart rate has an effect on the precision of target shooting.

The negative effect of physical exertion demonstrated in all 8 participants a greater 
average distance of fired hits from the central point. Second participants whose hobbies 
range from power training to endurance activities posted the lowest difference of values. 
One participant who has less firearms experience than others in the group, posted poor 
results although they were not significantly worse. The best result was registered by a par-
ticipant who practices his firearms skills outside of work as well.

Our hypothesis assumed that the average distance of shots around the central point 
would increase after a level of physical exertion. Having conferred our measured data 
and results, we come to the conclusion that our hypothesis confirms with all participants.

In conclusion, we would like to point out that the highest average distance was 6.27 
which is enough to hit a 12.5 diameter circle from a 15 m distance. Also the values of 
dispersion from the central point of shots was insignificant in comparison to values meas-
ured before physical activity. Although statistically significant, the value differences will 
most likely not influence the factual success of eliminating the target. The shooting ability 
of all members of the Rapid reaction unit was in all cases correct and clustered. For the 
next steps of this research, the administrators should measure the values of less and more 
experienced shooters and compare problematic areas and their causes should be analyzed, 
and evaluated for their elimination.

CONCLUSION

Based on the data collected from the members of the Rapid reaction unit of the Czech 
Police operating in Prague and its statistical analysis, we can make the following conclu-
sion. The measuring output was statistically significant. This means that physical exertion 
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which reaches the values of maximum heart rate has an effect on the precision of target 
shooting. The null hypothesis of the t-test was rejected and our alternative hypothesis was 
accepted. We also found worse results for all participants, in other words, the increase in 
the average distance of shots around the central point after a level of physical exertion. 
We also noted that for some participants, different kind of physical movement had a level 
of influence on their shooting performance. Those who do power training and endurance 
activities of cyclical character registered the lowest difference in comparison to the rest. 
The same thing happened in one participant which is dedicated in firearms skill train-
ing outside of work (better results) and another participant without shooting experience 
(worse results).

Nevertheless, it is necessary to note that our participant sample size was too small 
to make generalizations about the population. However, this paper offers certain trends 
related to further research in this area.
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ABSTRACT

Aim of this article is to find out if there is any difference in rheological properties in 
various degrees of flexion in the knee with meniscal tear and compare the results with 
measurement after physical activity. Experimental measurements were done by using the 
method of biorheometry which detects the passive resistance of the knee in movement 
from flexion to extension. We found changes of rheological properties in higher degrees 
of knee flexion with typical rising followed by fall of biorheogram around flexion of 80°. 
They were more remarkable after physical activity. Changes of rheological properties 
were more expressive in patients who have undergone meniscectomy a few years ago than 
changes in patients with recent meniscectomy.

Keywords: meniscus; knee joint; biorheometry; rheology; meniscectomy

INTRODUCTION

The meniscus is an important multifunctional component of the knee joint and is con-
sidered to be a complex biomechanical system. It has a role in load transmission, shock 
absorption, proprioception, improvement of stability and lubrication (Bartoníček, 2004; 
Vedi et al., 1999). Menisci also transmit between 30% and 70% of the load applied across 
the joint (Guerrero, 2008). 

Biorheometer is a measuring equipment which has been constructed in “hidden for 
review purposes”. It is focused on determination of rheological properties of the knee 
joint. In our study we were going to find out if there is any difference in rheological 
response during various sequences of knee flexion in patients who have undergone menis-
cectomy and compare these results after physical activity (50 squads).
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PURPOSE

Meniscal tear is one of the most common knee joint injuries. The purpose of this study is 
to find out if there is any difference in rheological properties in various degrees of flexion 
in the knee with meniscal tear and compare the results with measurement after physical 
activity. Then we wanted to compare changes of the rheological properties of patients who 
have experienced meniscectomy a few years ago to patients with recent meniscectomy.

METHODS

Biorheometer

Biorheometer measures in vivo the overall mechanical impedance of the knee-joint. The 
mechanical impedance is the ratio of complex stress to complex strain. This is meas-
ured by the biorheometer at fixed frequency and the corresponding hysteresis-curve is 
obtained. The hysteresis-curve gives some insight in the viscoelastic properties of the 
knee-joint. This hysteresis-curve is called a biorheogram (Riha, 2012).

It measures the resistance to passive flexion and extension of a leg which is fixed by 
a socket to the drifter arm above the subject’s ankle (Figure 1).

Figure 1. Biorheometry measuring in Department of Anatomy and Biomechanics, Faculty of Physical 
Education and Sport, Prague
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Measuring

We recruited 6 subjects with meniscal tear, all were treated surgically. Subjects with 
meniscal tear together with ACL lesion were excluded. All subjects suffered from several 
discomforts while doing sports or activities of daily living. All subjects were injured on 
their medial meniscus, and were competitive sportsmen, aged 24–45.

All volunteers experienced case history questionnaire and completed WOMET (West-
ern Ontario Meniscal Evaluation Tool). It is a disease specific quality of life measurement 
tool for patients with meniscal lesions. It consists of three sections: physical symptoms, 
sports/recreation/work/lifestyle and emotions.

Measuring was done at first on injured limb. Initially, we measured first cycle with angu-
lar amplitude of 90 degrees (20 to 100 degrees exactly). Then we used two shorter distances  
with angular amplitude of 40 degrees (20 to 60 and 60 to 100 degrees). The same was 
repeated on subject’s healthy lower limb. After that subjects had to undergo the physical 
activity, which consisted of 50 squads. Then we gave them some time (around 10 min-
utes) to relax and the measurement proceeded again from the beginning with both injured 
and healthy limbs.

From hysteresis-curve we counted several specific parameters which helped us to 
determine viscoelastic properties of the knee joint. In our study we were interested in 
these parameters: stiffness, dissipation energy and local maximums and minimums of the 
curve.

RESULTS

Results of the WOMET questionnaire in 4 patients showed that the quality of life with 
their limb after meniscectomy is worse than with the other healthy limb. Only in 2 patients 
the results were worse in their healthy limb. This may be caused by a pain which could be 
connected with unrecognized soft tissue injury in their healthy knee (Figure 2). 

We divided results of the biorheometry into four sections: we focused on comparison 
of hysteresis-curves depending on physical activity, healthy and injures lower limb, vari-
ous degrees of knee flexion (shorter distances 20 to 60 degrees and 60 to 100 degrees) 
and the year of meniscal injury.

Knees with meniscal tear in history have worse viscoelastic properties than healthy 
knees. These phenomenons could be caused by the hamstring hyperactivity or structural 
changes of the knee cartilage.

Results after physical activity vary in specific parameters. This can be caused due to 
various severity of each meniscal tear.

In short distances from 20 to 60 degrees the changes were less obvious and there were 
nearly no differences between injured and healthy knees (Figure 3 and 4).

Patients were divided into two groups – first group were volunteers with meniscal tear 
older than five years, second group were patients with recent meniscal tear (1 year after 
meniscectomy). We found typical biorheogram rising in angle around 70 degrees in all 
patients with older meniscal tear. This rising is followed by biorheogram fall which is 
more obvious after physical activity.
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Figure 2. WOMET questionnaire results of injured lower limb. Numbers 1–6, as seen on the right side 
of graph, are numbers of patients. A – section concerning physical symptoms, B – section concerning 
sports/recreation/work/lifestyle and C – section concerning emotions. The last part explains total score 
of each patient’s injured lower limb.

Figure 3. Example of hysteresis-curve in short distance from 20 to 60 degrees in a patient after 
meniscectomy (dark gray is biorheogram before physical activity, light gray is biorheogram after 
physical activity)
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Figure 4. Example of hysteresis-curve in short distance from 60 to 100 degrees in a patient after 
meniscectomy (dark gray is biorheogram before physical activity, light gray is biorheogram after 
physical activity)

In second group with recent meniscectomy the rising of hysteresis-curve was present 
as well, but the following fall was small or wasn’t evident at all (Figure 5 and 6). We 
suppose this could be due to increasing contact pressure and abrasions of the knee carti-
lage. These rheological changes occur more frequently after longer period of time after 
meniscectomy.

Figure 5. Typical hysteresis-curve rising and fall of patient from group 1 with older meniscectomy  
(5–7 years old) which had been recorded after physical activity
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Figure 6. Hysteresis-curve of patient from group 2 with recent meniscectomy (1 year) which has been 
recorded after physical activity. Typical hysteresis-curve rising and fall, which is obvious in figure 5, is 
not present here.

DISCUSSION

Results of the WOMET didn’t answer to results of biorheometry in two patients, because 
they had unknown clinical symptoms in their relatively healthy knee.

Vedi et al. (1999) says that meniscal movement turns up with increasing knee flexion. 
In Guerrero’s study (2008) there is a typical medial meniscal translation in 70 degrees, 
when the posterior horn is gripped firmly between the posterior flare of the femoral con-
dyle and the tibial plateau. After dividing hysteresis-curve into two small sequences, in 
section 20 to 60 degrees we found sheer increase of the curve which responses to increas-
ing growth of resistance. In section from 60 to 100 degrees there was typical decreasing 
of the curve after 80 degrees. These changes were more remarkable after physical activity. 
This can correspond to meniscal translation mentioned above.

Biorheometer measures viscoelastic properties of the entire knee joint, so the result 
can be influenced by changes is articular capsule, ligaments or menisci.

The most important result of our study was that we found out typical sheer increase 
followed by decrease of biorheograf in angle around 70 degrees in group 1. The group 
contained patients with meniscectomy older than 5 years. This change of the hysteresis-
curve wasn’t present in patients from group 2 with recent meniscectomy. Difference can 
be caused by presence of rheological changes in knee joint after meniscectomy. As an 
example could be mentioned increasing contact pressure or abrasions of the knee cartilage.

Williams et al. (2007) found degenerative changes on MRI in knee joint after menis-
cectomy 5 years after surgery. Degenerative changes and local cartilage abrasion were 
present in people after meniscectomy.
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Englund (2009) found out that meniscal tear is potential risk factor for developing 
osteoarthritis.

This study is suitable for another research, because we could use only 6 patients after 
meniscectomy. The verification of typical changes of hysteresis-curve after meniscec-
tomy is obvious only in 3 patients.

Biorheometry is a non-invasive method for detection viscoelastic properties of the 
knee joint.
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