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Marko Erceg’, Igor Jelaska', and Boris Male§’

Ventilation characteristics of young

soccer players

" Faculty of Kinesiology, University of Split, Croatia

Abstract

The basic goal of this research was to determine differences in ventilation
characteristics of soccer players in different age groups. The research
was conducted on a sample of 66 soccer players competing in the Croa-
tian First Soccer League. The subjects were divided into three age groups:
U-15, U-17 and U-19. Along with height, weight, and body mass index,
the following ventilation variables were measured: maximum minute ven-
tilation, minute ventilation at anaerobic threshold, respiratory frequency,
respiratory frequency at anaerobic threshold, forced vital capacity, forced
expiration volume in the first second, the Tiffeneau index, peak expira-
tion flow and forced expiration flows at 50%FVC and 25%FVC. Factorial
ANOVA with Fischer LSD post-hoc test was used to determine the differ-
ences between groups of soccer players. The load required by a large re-
spiratory minute volume stimulates growth and development of the thorax
in young soccer players, thus making the thorax wider, longer and with
more capacity. This is how the “athlete’s lungs” are developed, having a
larger volume of air, but also blood, and an enlarged surface of pulmonary
alveoli. Soccer training strengthens and leads to the hypertrophy of the
muscles of respiration, as well as to more economical breathing with
lower frequency. Physical strain results in the increased capability of the
respiratory airways to conduct air, i.e. the increase of the ventilation func-
tion of lungs. Obtained results suggest that the size and function of lungs
increase with the increase in the size of the body.

Key words: maximal ventilation, spiroergometric parameters, soccer

Introduction

Diagnostic procedures in sport consist of determining the health
status of an athlete, the level of fitness, abilities and character-
istics important for success in sport. With the help of functional
abilities diagnostics, through integrative cardiopulmonary load
testing in controlled conditions and gas exchange measurement,
i.e. spiroergometric parameters, the capacities of the cardiovas-
cular and respiratory systems can be precisely evaluated. Ven-
tilation is the exchange of gases between the external area and
alveolar areas in lungs and vice versa. It is tested by methods of
spirometry and body pletismography. These methods measure
pulmonary volumes and capacities and the amount of air flow
(the resistance to air flow) in the respiratory airways. Breathing is
a process that consists of ventilation, diffusion of oxygen and car-
bon dioxide through the alveolar membrane and the correspond-
ing blood flow through the pulmonary capillaries. Breathing, i.e.
the exchange of oxygen and carbon monoxide between a cell
and the atmosphere changes with physical activity. The integral
part of function diagnostics is also the testing of the pulmonary
ventilation function. The testing of pulmonary ventilation in prac-
tice comprises the measurement of lung volume and capacity,
as well as the amount of the air flow. Pulmonary volumes are
basic capacities of the lungs, i.e. capacities of air that the lungs
contain in different breathing positions. Two or more pulmonary
volumes make up the capacity of lungs. Spirometry is a method
that measures the capacity of air which the lungs breathe, and it
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Sazetak

Osnovni cilj ovog istrazivanja bio je utvrditi razlike ventilacijskih osobitosti
izmedu nogometasa razliCitih dobnih skupina. IstraZivanje je provedeno
na uzorku od 66 nogometasa koji se natjecu u Prvoj hrvatskoj nogometnoj
ligi. Ispitanici su podijeljeni u tri dobne kategorije: pioniri, kadeti i juniori.
Osim visine, tezine, indeksa tjelesne mase, izmjerene su sliedece venti-
lacijske varijable: maksimalna minutna ventilacija, minutna ventilacija na
anaerobnom pragu, respiratorna frekvencija, respiratorna frekvencija na
anaerobnom pragu, forsirani vitalni kapacitet, forsirani ekspiracijski vo-
lumen u prvoj sekundi, Tiffeneau index, vrdni ekspiracijski protok kao i
forsirani ekspiracijski protoci pri 50%FVC i 25%FVC. Za utvrdivanje razlika
izmedu skupina nogometasa koriStena je Factorial ANOVA s Fischer LSD
pos-hoc testom. Opterecenje koje zahtijeva veliki minutni volumen disa-
nja poticu rast i razvoj prsnog koSa kod mladih nogometasa, te na taj
nacin grudni ko$ postaje Siri, dulji i ima ve¢u zapreminu. Tako se razvijaju
»sportska plu¢a“ s ve¢im obujmom zraka, ali i krvi, te pove¢anom povrsi-
nom plucnih alveoloa. Nogometni trening jaca i dovodi do hipertrofije dis-
ne muskulature, kao i do ekonomicnijeg disanja s manjim frekvencijom.
FiziCki napor ima za posljedicu povecanje provodljivosti disnih puteva,
odnosno povecanje ventilacijske funkcije plu¢a. Dobiveni rezultati sugeri-
raju kako se povecanjem veliCine tijela povecava veli¢ina i funkcija pluca.

Kljucne rijeci: Bodovni pravilnik FIG, preskok, sportska gimnastika, bi-
omehanika

is used in measuring static and dynamic pulmonary volumes and
capacities. Obtained results are compared with reference (nor-
mal, theoretical) values according to sex, age, height and body
weight. There is an entire series of other physiological parameters
used in the training process and during diagnostic procedures,
such as: maximum minute ventilation (VE_,), minute ventilation
at the anaerobic threshold (VE,,), respiratory frequency (RR, ),
respiratory frequency at the anaerobic threshold (RR,,), as well
as many others. The amount of air we can ventilate in one min-
ute is the respiratory minute volume (RMV). During physical ac-
tivities both the depth and frequency of breathing increase, so
the respiratory minute volume, i.e. minute ventilation increases
proportionally to the intensity and duration of work. Ventilation
at maximum loads reaches values of the so-called maximum re-
spiratory minute volume. When measuring ventilation, we actu-
ally measure respiratory minute volume. Breathing frequency is
the number of respiratory cycles in one minute. The respiratory
frequency while resting amounts to between 12 and 20, while it
increases to 50-60 cycles per minute at maximum load, and even
more. The interpretation of functional abilities of soccer players
is more difficult than in individual sports, where results are more
easily and more correctly predicted based on functional abilities.
In spite of this, determining functional abilities of soccer players
results in numerous useful information, both for the team and the
individual.



Method

Sample of the examines

The research was conducted on a sample of 66 soccer players
competing in the Croatian First Soccer League. The subjects were
divided into three age groups: U-15 (N=22), U-17 (N=22) and
U-19 (N=22). The majority of subjects play for national U-15, U-17
and U-19 teams, so we can say that the sample is representative.

Sample of the variables

Except for height (cm), weight (kg), and body mass index, maxi-
mum minute ventilation (VE_), minute ventilation at anaerobic
threshold (VE,,), respiratory frequency (RR_,), and respiratory
frequency at the anaerobic threshold (RR,,,) were also measured.
VE,.. VE,, RR, . as well as RR,, were obtained through spiroer-
gometric testing of progressive load on the spiroergometric sys-
tem Quark PFT 4ergo (COSMED, Italy) which enables a continuous
on-line, breath-by-breath monitoring of all ventilation and metabol-
ic parameters. Procedures for measuring spiroergometric param-
eters and parameters at the ventilation anaerobic threshold were
defined according to Wasserman et al., 1999, Green and Dawson,
1996; Brisswalter et al., 1996. Spirometric procedure on the spiro-
metric system MicroQuark PC-based spirometer (COSMED, Italy)
was used to measure static and dynamic volumes, as well as the
flow-volume curve. The forced vital capacity (FVC) was measured
from the group of static capacities, and the forced expiration vol-
ume in one second (FEV1) and the Tiffeneau index (TIFF) were
measured among the dynamic capacities. The flow-volume curve
measured the peak expiration flow (PEF), as well as the forced
expiration flows at 50%FVC (FEF50) and 25%FVC (FEF25). Mea-
surement procedures were conducted according to well-known
standards (Knudson et al., 1976, and Miller et al., 2005).

Data processing methods

Factorial ANOVA with the Fischer LSD post-hoc test was used to
determine differences between groups of soccer players.

Results and Discussion

Table 1 shows that there is a rising trend of morphological vari-
ables towards the older age group of soccer players. The U-17
soccer players are slightly taller than the U-15 group, but these
differences are not statistically relevant. The U-19 soccer players
are significantly taller than both the U-15 and the U-17 players.
Considering the weight and body mass index it is evident that
there are statistically significant differences between all the stud-

Table 1. Comparative analysis of the morphological variables applied to
the soccer players of various age groups

ied groups of soccer players. The U-15 soccer players from this
research are anthropometrically most similar to Belgian soccer
players from the same age group (175 cm, 65 kg, Segers et al.
2002). The heights of Brazilian U-17 soccer players (Dourado
et al. 2007, Da Silva et al., 2008) range from 173 to 177 cm,
and the weights between 60 and 71 kg. Furthermore, the U-17
soccer players from Japan are within the stated ranges (173 cm,
65 kg, Tahara et al., 2006), while the U-17 players from Switzer-
land (177 cm, 69 kg, Rico-Sanz, 1998) are anthropometrically
the most similar group to the studied sample of the U-17 soccer
players. A partial overview of past research of anthropometric
characteristics in Brazilian U-19 soccer players recorded results
for height in ranges of 174-181 c¢m, and for weights between
66-77.5 kg (Da Silva et al. 2008). Similar values for heights and
weights in the stated ranges were recorded in players of the same
category from Tunisia (Chamari et al., 2004), Greece (Metaxas et
al., 2005), Switzerland (Rampinini et al. 2007), Singapore (Aziz et
al. 2005), Great Britain (McMillan et al. 2005) and Norway (Hel-
gerud et al., 2001). According to their morphological character-
istics (Table 1), the studied sample of the U-19 soccer players is
very similar to Italian football players (181 cm, 73 kg, Di Salvo and
Pigozzi, 1998), and the Spaniards (180 c¢m, 75 kg, Mujika et al.,
2000). The body mass index values for the U-15, U-17 and U-19
categories of soccer players are very similar to Brazilian soccer
players (Dourado et al. 2007). The average height value of a U-15
player (176.40 cm) is considerably higher than the reference val-
ues, and is found above the 75th percentile in comparison with
the results from previous studies. The average height of a U-17
(178.04 cm) and U-19 (181.88 cm) player goes along the line of
the 75th percentile. The value of the average U-15 player’s weight
(63.52 kg) is considerably higher as compared with the reference
values, and is located above the 75th percentile in comparison
with the results from previous studies. The average weight of
the U-17 (69.00 kg) and U-19 (75.05 kg) player is on the line
of the 75th percentile. When observing soccer players from this
research, it can be concluded that the U-15 players “deviate”
from the stated scope. The probable reasons for that should be
looked for in the fact that a lot of the studied U-15 soccer players
are ones who experienced accelerated growth, i.e. they matured
earlier. The changes in size and composition of the body occur
and increase with puberty and maturation (Malina et al. 2004).
The differences between boys of different maturity (equal chrono-
logical, but different biological age) are most obvious between the
age of 13 and 16 (Malina et al. 2004). The growth and matura-
tion of young soccer players may affect the selection processes,
which is probably the case with the U-15 soccer players from this
research. The soccer players were selected based on their size
and maturity. At the time of selection they were probably the best
players because of their size, strength and power, which is con-
nected to the early maturation in U-15 soccer players.

U-15 (N = 22) U-17 (N = 22) U-19 (N = 22)
Variables AM (SD) AM (SD) AM (SD)
H (cm) 176,40 (5,60) 178,04 (4,98)1 181,88 (4,72)2
W (kg) 63,52 (7,41)* 69,00 (6,53)t1 75,05 (6,07)2
BMI (kg/m?) 20,35 (1,63)** 21,72 (1,24)t 22,67 (1,49)

Key: analysis of variance - Factorial ANOVA with Fisher LSD post-hoc test; (AM — arithmetic mean; SD - standard deviation);
*p<0.05; **p<0.01; ***p<0.001 - significance of differences between the U-15 and U-17 group of soccer players
1p<0.05; t1p<0.01; +++p<0.001 - significance of differences between the U-17 and U-19 group of soccer players
1n<0.05; 2p<0.01; 3p<0.001 - significance of differences between the U-15 and U-19 group of soccer players
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This research recorded an increase in the minute ventilation (Table
2) towards the older age group. U-15 and U-17 players achieve
similar values, while the ventilation values achieved by U-19
soccer players are however slightly higher. Differences between
different age groups of soccer players exist, but they are not sta-
tistically relevant. A similar rising trend is found in the values of
ventilation at the anaerobic threshold. The U-19 players have sta-
tistically higher values than both the U-15 and U-17 players. The
U-15 soccer players achieve higher values of minute ventilation
than U-15 soccer players from Belgium (Segers et al. 2002). The
U-17 players have similar minute ventilation values as the soccer
players from previous studies (Tahara et al. 2006), while the U-19
players achieve higher values of minute ventilation with regard to
the soccer players from Greece (Metaxas et al. 2005) and Singa-
pore (Aziz et al. 2005). Maximum ventilation can be increased by
training, e.g. the average ventilation of a group of Danish players
increased from approximately 142 to 148 L/min after four weeks
of intensive training (Bangsbo, 1994). Pulmonary ventilation on
the increase during the load is in direct proportion with meta-
bolic needs of the body. Maximum minute ventilation depends
on the size of the body. Ventilation values of around 100 L/min
are common for “smaller” individuals, whereas the values of 200
L/min can be found in “larger” individuals. Pulmonary function
changes significantly with age. Minute ventilation increases with
age up to physical maturity, after which it decreases with the age
increase. These changes are connected with the growth of the
entire pulmonary system. As the body size increases with growth
and development, the size and function of lungs increase accord-
ingly, which explains the obtained differences in minute ventila-
tion of the studied soccer players. During the exercise, i.e. load,
the ventilation increases due to the increased demand of muscles
for oxygen, reaching up to 100 L/min for untrained individuals,
and over 200 L/min for extremely fit athletes.

The recorded values of the maximum respiratory frequency /
breathing frequency are similar in the U-15 and U-17 players, while
the U-19 players have statistically significantly lower values in com-
parison with the U-17 group. The values of respiratory frequency

Table 2. Comparative analysis of the ventilation variables applied to the
soccer players of various age groups

in the U-19 soccer players (53.7) are somewhat lower than those
of the Greek soccer players of the same age group (55.3-59.8;
Metaxas et al. 2005). The values of the respiratory frequency at the
anaerobic threshold are similar in all three groups of soccer players
and there are no statistically significant differences among them.
The breathing frequency continuously decreases during growth and
development, which is evenly continued during puberty as well. The
decrease of the breathing frequency with age is the sign of a more
economical breathing in the older age group of soccer players.

The overview of spirometric variables (Table 2) shows an evident
rise in relative values of all applied variables towards the older age
group. It is noticeable that the U-15 and U-17 players statistically
significantly differ in the FEV1, PEF and MEF50 variables. In the
FVC, TIFF and MEF25 variables there are no statistically signifi-
cant differences between the U-15 and U-17 soccer players. It is
interesting to note that there are no statistically significant differ-
ences in the studied spirometric variables between the U-17 and
U-19 soccer players. The U-15 and U-19 players statistically sig-
nificantly differ in 4 out of 6 spirometric variables. The differences
are not statistically significant in the TIFF and MEF25 variables.
Furthermore, it can be said that soccer players achieve above-
average values in almost all parameters with regard to the predic-
tive values. The obtained results are very similar to the results of
athletes of the same age (soccer players and handball players)
from the research by Goi¢-BariSi¢ et al. 2006. The U-17 soccer
players have above-average results of spirometric parameters in
relation to the standardized values of the U-17 male population.
The FEV1 (forced expiration volume in one second — 113.61%)
values are higher than those of elite Scottish swimmers (83.9%;
McKey et al. 1983). Furthermore, it is noticeable that the U-19
soccer players also have above-average results in comparison
with standards for the U-19 age group. The achieved FEV1 values
amount to 116%. Elite Scottish U-19 swimmers have FEV1 value
of 93.4% (McKey et al. 1983). The studied soccer players have
higher values of all spirometric parameters in relation to competi-
tive sailors (Uljevic et al. 2008), while the results are very similar
to the achieved values of the U-19 soccer players from the same

U-15 (N = 22) U-17 (N = 22) U-19 (N = 22)
Variables AM (SD) AM (SD) AM (SD)
RR,,, (1/min) 57,06 (6,76) 59,18 (6,45)t 53,68 (8,08)
VE,,, (L/min) 142,28 (21,99) 141,83 (16,72) 149,29 (21,70)
RR,, (1/min) 43,74 (7,55) 42,43 (7,74) 45,25 (8,44)
VE,, (L/min) 88,07 (19,31) 83,95 (12,01)tt 102,66 (16,53)2
FVC (%) 99,73 (7,74) 103,67 (7,47) 104,74 (6,96)"
FEV1 (%) 106,56 (4,84)** 113,61 (7,87) 116,00 (9,09)?
TIFF (%) 108,67 (10,98) 112,28 (8,30) 111,55 (6,39)
PEF (%) 101,08 (23,46)** 122,65 (12,59) 132,79 (20,35)°
FEF50 (%) 108,46 (18,95)* 123,35 (21,58) 132,45 (26,11)?
FEF25 (%) 120,64 (31,61) 119,96 (26,58) 140,23 (42,77)

Key: analysis of variance - Factorial ANOVA with Fisher LSD post-hoc test; (AM — arithmetic mean; SD - standard deviation);
*p<0.05; **p<0.01; ***p<0.001 - significance of differences between the U-15 and U-17 group of soccer players
tp<0.05; 11p<0.01; +11p<0.001 - significance of differences between the U-17 and U-19 group of soccer players
1p<0.05; 2p<0.01; %p<0.001 - significance of differences between the U-15 and U-19 group of soccer players
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research. When comparing the individual spirometric parameters
of U-19 soccer players with Gaelic football players of similar
anthropometric characteristics, it can be stated that the studied
soccer players have higher values of the FEV1 (116%) and PEF
(133%) variables than Gaelic football players (FEV1-112%, PEF-
114%; Watson 1995). Gaelic football players have higher values
of the FVC variable (115%; Watson 1995) than the studied U-19
soccer players (105%). Competitive cyclists and triathletes (Kip-
pelen et al. 2005) achieve somewhat higher FVC values (117%)
than the U-19 soccer players from this research (105%). Howev-
er, the values of the FEV1 (116%) and the Tiffeneau index (112%)
are higher in the studied soccer players than in competitive
cyclists and triathletes (FEV1-112%, TIFF-81%; Kippelen et al.
2005). Table 2 shows that the studied U-15, U-17 and U-19 soc-
cer players have considerably higher values of the FEV1 variable
(107%, 114%, 116%) than elite adult (19+) soccer players from
Hong Kong (Chin et al. 1992). The lung volume in young soccer
players depends on body size and it changes approximately as
the height changes up to around 25 years of age. In late childhood
and adolescence, the abovementioned changes happen mostly
through the widening of the existing alveoli and respiratory air-
ways. However, the effect of training on the respiratory system
is extremely significant. Exercises which require a large respira-
tory minute volume stimulate the growth and development of the
thorax in young soccer players, thus making the thorax wider,
longer and with a larger capacity. The so-called “athlete’s lungs”
develop in the larger thorax, with a larger volume of air, but also
blood, and an enlarged surface area of pulmonary alveoli. In addi-
tion, the training strengthens and leads to the hypertrophy of the
muscles of respiration, as well as to more economical breathing
with a lower frequency. In healthy people physical strain results in
the increased capability of the respiratory airways to conduct air,
i.e. the increase in the ventilation function of lungs. This effect of
the physical strain is based on the increased number of function-
ally active small respiratory airways and dilation of bronchi and
bronchioles, and is probably the result of a decreased tone of the
parasympathetic nervous system. The size and function of lungs
increases with the increase in body size, which explains the dif-
ferences found in studied soccer players.

Conclusion

The results of this research confirm the thesis that changes in
body size and structure, as well as functional capacities occur
and increase with puberty and maturation. The growth and de-
velopment of children last continuously until the adult age. En-
tering puberty is marked with a significant acceleration of body
dimensions growth. Children continue to grow after puberty, but
at a considerably slower pace. The beginning of the adolescent
accelerated growth and the year of highest height increase are in-
dicators of the child’s maturity. The increase in body dimensions
is followed by the growth and development of cardiovascular and
respiratory systems. If soccer training is performed throughout a
longer time period, functioning of the system for transport and us-
age of oxygen improves. Naturally, the abovementioned changes
are connected with the growth of the entire pulmonary sys-
tem as well. As the body size increases with growth and
development, so does the size and function of lungs,
and this explains the differences found in the studied
soccer players. Soccer training has a major effect on the
development of functional abilities, and the results get
progressively better towards older age so it can be ex-
pected that the U-15 and U-17 players will reach similar
values in the U-19 age group.
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Abstract

Increased oxygen consumption during aerobic exercise is one of the main
cause of accompanied oxidative stress. Oxidative stress is a condition
of a disturbed balance between reactive oxygen species (ROS), reactive
nitrogen species (RNS) and antioxidative defense. Antioxidants are sub-
stances that reduce the damage caused by oxidative stress. Uric acid
is one of the most important antioxidant. The aim of this study was to
estimate the influence of acute exercise on uric acid serum levels in rats.
Adults Wistar rats weighting between 280-330 g were divided into two
groups: control group (n = 8) and exercise group (n = 8). Exercise group
was exposed to acute bout of exercise (swimming), after short accom-
modation period. Control group was consisted of animals housed in the
same condition without exercise sessions. Animals were sacrificed and
blood sample was taken from the abdominal aorta to determine uric acid
levels. Levels of uric acid in serum samples were determined by spectro-
photometric method.

Acute exercise (swimming) significantly increased average concentration
of uric acid in exercise group (246.5 + 19.1 mmol / I) when compared to
control group (226.11 = 7.8 mmol /) (p = 0.03).

Acute exercise increases the concentration of uric acid in serum probably
as an antioxidant response to enhanced oxidative stress

Key words: stress, swimming, uric acid

Introduction

Exercise is activity which affects practically every organ and tissue
in our body, contributing to human health, while sedentary lifestyle
is in relation with many chronic health problems. However, many
studies have shown that acute aerobic exercise increased con-
sumption of oxygen and leads to oxidative stress, which depends
on type and intensity of exercise and general body status.

It has been shown that antioxidative status during acute exercise
varies on type of the exercise (1). Two mechanisms connect
acute aerobic exercise with oxidative stress: increased pro-oxi-
dative activity and inadequate antioxidative defence (2). On the
other hand, some studies have shown that daily training (30 min,
60%V02max) increases resistance to lipid peroxidation caused
by reactive oxygen species, decreases accumulation of oxidative
proteins and decreases DNA damage, diminishing therefore the
risk of many diseases, where oxidative stress is involved in their
pathophysiological mechanism. It has been shown that sedentary
subjects have less effective antioxidative system comparing to
physical active subjects (3,4).
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SaZetak

Povecana potro3nja kisika u toku fizickog opterecenja aerobnog tipa jedan
je od glavnih uzroka pove¢anog oksidativnog stresa. Oksidativni stres je
stanje poremecene ravnoteze izmedu reaktivnih vrsta kiseonika (ROS) i
reaktivnih vrsta azota (RNS) sa jedne i antioksidativne zastite sa druge
strane. Antioksidansi su tvari koje u organizmu pomazu u smanjenju oSte-
¢enja nastalih pri oksidativnom stresu. Jedan od najvaznijih antioksidansa
je uriéna kiselina. Cilj istraZivanja je bio da se ispita uticaj fiziCke aktivnosti
na koncentraciju uricne kiseline u serumu Stakora.

Odrasli Wistar Stakori teZine 280-330 g, bili su podijeljeni u dvije gru-
pe: kontrolna grupa (n=8) i grupa Stakora koji su vjezbali (fiziCki aktivni)
(n=8). Grupa fiziCki aktivnih Stakora bila je izlozena akutnoj sesiji vjez-
banja (plivanje), nakon kratkog perioda adatacije. Kontrolnu grupu su
Cinile Zivotinje koje nisu bile izloZene fizickoj aktivnosti, a drzane su u
istim uslovima. Nakon posljednje sesije vjezbanja Zivotinje su Zrtvovane,
a uzorak krvi za odredivanje uricne kiseline uzet je iz abdominalne aorte.
Koncentracija uricne kiseline u serumu odredena je spektrofotometrij-
skom metodom.

Fizitka aktivnost je dovela do statistiCki znacajnog porasta koncentracije
uri¢ne kiseline u serumu, te je koncentracija uri€ne kiseline u serumu u
grupi fizicki aktivnih Stakora bila znacajno veéa u odnosu na kontrolnu
grupu Stakora (246,5 = 19,1 mmol/I vs. 226,11=+7,8 mmol/l; p = 0.03).
Fizicka aktivnost (plivanje) dovodi do porasta koncentracije uricne kiseline
u serumu, najvjerovatnije kao odgovor na povecan oksidativni stres.

Kljucne rijeci: stres, plivanje, uriéna kiselina

Oxidative stress is defined as damage in cells and tissues,
caused by reaction of reactive oxygen species (ROS) and reac-
tive nitrogen species (RNS) and impaired antioxidative defence
mechanisms on the other side(5). Antioxidants are compounds,
presented in all body fluids and tissues, which play role in pro-
tecting organism against endogenous produced free radicals,
respectively oxidative stress.

Uric acid is strong endogenous antioxidant in our body (6) and
presents final product of purine bases (adenine and guanine).
Its concentration in human blood depends on age, gender, body
area and body weight, ethnic group and geographical position. It
has also been considered as main salivary antioxidant, because
it participates in approximately 70% of total antioxidative capacity
of saliva (7,8).

Considering the fact that the main characteristic of human is their
ability to protect themselves against excessive and uncontrolled
oxidation, we believe that oxidative stress could activate defence
systems and make them more resistant to possible impairments.
It is possible that oxidative stress associated with exercise pres-
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ents ,trigger of adaptation mechanisms, such as synthesis of
antioxidative and reparative enzymes, with development of an-
tioxidative defence mechanisms as their final result. This is the
way we could explain positive effects of exercise.

The aim of our study was to estimate the influence of swimming
exercise on concentration of uric acid in the serum of rats.

EXPERIMENTAL ANIMALS AND
METHODS

Experimental animals

Adults Wistar rats, weighting between 280-330 g, were divided
into two groups: control group (n = 8) and exercise group (n =
8). All animals were kept under the same laboratory conditions of
relative air moisture (45-55%) and room temperature. All the rats
were given standard rat chow and tap water ad libitum.

All the experimental procedures were performed at Medical fac-
ulty Sarajevo, Department of Physiology and previously approved
by the Ethic Committee of Medical Faculty Sarajevo.

Exercise protocol

Before we performed acute bout of exercise we exposed rats to
daily swimming session aimed to the acclimatization to water
conditions and swimming, as type of exercise. Exercise group
was exposed to swimming exercise daily, between 10.00 AM
to 11.00 AM, for 6 days. Duration of each swimming session
progressively increased from 5 minutes on the first day to 30
minutes on the sixth day. The rats were swam in plastic tanks
(width 90 cm, depth 120 cm), containing tap water (temperature
of =25°C). The depth of water was 40 cm. A maximum of two
rats, same sex, were allowed to swim together.

Seventh day we performed acute bout of swimming exercise.
Rats swam 40 minutes until exhaustion at the same conditions
as in the period of adaptation. The body weight of each rat was
measured before starting of accommodation period and after the
last swimming session.

Determination of uric acid in the serum of
rats

The blood sample is taken from the abdominal aorta and centri-
fuged 5 minutes at 3000 rpm. Serum was stored at -80°C until
determination of uric acid levels .

Concentration of uric acid in the serum samples was determi-
nated by spectrophotometric method using commercial kits (Bio-
Systems S.A. Spain). The method is based on determination of
colour intensity of the complex, resulting from uricase reaction.

Statistical analyses

Data are analysed with standard statistical methods using com-
puter program Excel (Microsoft Office Excel 2003) and SPSS
computer package 13.0 (SPSS-Statistical Package for Social
Sciences) . Results are presented as mean (X) and standard error
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of the mean (SEM). Kolmogorov-Smirnov test was used to test
the significance of differences in deviation of normal distribution.
Data are analysed using parametric test, after determination of
uniform distribution of variables. Value p<0,05 was considered
significant.

Results

There were no statistically significant differences in body weight
or food intake between control and exercise group at the begin-
ning of the experiment. (Table 1).

Table 1. Mean values of body weight, daily food intake and
concentration of uric acid in control and exercise group before and after
exercise

Control group Exercise group (n=8)
(n=38)
Before After
BOdy(;Se'gm 291,4+13,7 | 2963=14,1 | 272,8+214
Food intake 22,4+1,4 214+23
21,723 ’ ) ) y
(/d) (1. day) (7. day)
Uric acid
mmon) | 2261178 2465+19,1

Results are presented as means + SEM.

Swimming slightly decreased body weight in the exercise group
of rats comparing to the values before the start of experiment
(296,3 g vs. 272,8 q), but this difference was not statistically
significant (Table 1). Exposure to daily exercise didn’t affect daily
food intake in stress group (Table 1).

Chart 1. Uric acid levels in control group and in exercise group after
exercise

300
280
260
240
220
200
180

p=0.03

Uric acid {mmol/1)

160
140
120
100

Control group Exercise group

In the control group average concentration of uric acid in the
serum was 226,11+7,8 mmol/I. Average values of uric acid in
the exercise group after acute bout of exercise was 246,5+19,1
mmol/l.

Statistically significant difference was determined in concentra-
tion of uric acid in the serum between control and exercise group
(p=0,03) (Chart 1).



Discussion and Conclusion

Oxidative stress induced tissue damages may be the cause of
many disorders which occur after exposed to the stress situa-
tions. Today, there are more than fifty diseases whose patho-
physiological mechanisms are associated with production of free
radicals and oxidative stress, also including the two most expand-
ed chronic diseases - atherosclerosis and cancer, as well as a
whole variety of chronic degenerative diseases, such as arthritis,
vasculitis, autoimmune diseases, early aging, etc. Reactive oxy-
gen species can be involved in formation of so-called clastogenic
factors (factors who ravage the hormons), appearance which is
lately connected to process of cancerogenesis (9).

Several studies have shown that exercise causes oxidative stress
accompanied by oxidative cell damage, whose range prior de-
pends on type and intensity of exercise and general body condi-
tions.

However, the appearance of free radicals doesn’t mean the ap-
pearance of the disease at the same time, because there are pro-
tective defence mechanisms in the body, so-called antioxidative
system. Antioxidants are compounds, presented in all body fluids
and tissues, who play role in protecting organism against endog-
enous produced free radicals. Therefore the main role of antioxi-
dants is the prevention or reduction of oxidative damages in bio-
logical systems, without interfering with physiological functions.

Antioxidants, endogenous (present in our diet) and exogenous
(made in our body), include several enzymes (superoxid dis-
mutase, glutation peroxidase), proteins, vitamins C and E,
f-carotene, uric acid, bilirubin and albumin. Thus uric acid pres-
ents one of the the most important endogenous antioxidant of
the body.

Evaluation of different antioxidants during stress is important for
identification of mechanisms involved in oxidative stress.

The aim of our study was to determinate influence of exercise on
the uric acid serum levels as an serum antioxidant.

Results of our study have shown significant differences in con-
centration of uric acid in the serum of rats in control and exercise
group after acute bout of exercise (swimming). Our results are
consistent with the results of previous studies, which explain this
increase in concentration of uric acid by activation of antioxidative
protection, as a reaction to incurred oxidative stress.

The increase of uric acid serum levels during exercise was con-
firmed also by Groussard et al. (10), who noticed that short-term
exercises, among other things, stimulate purine catabolism and
lead subsequently to increase of uric acid concentration. In ad-
dition Aguilo et al. (11) demonstrated in their research how ex-
haustive exercise (mountain bicycling) causes the increase of
uric acid concentration, with the increase of glutation reduxtase
activity and decrease of glutation peroxidase activity. Based on
biochemical findings, it is considered that uric acid removes reac-
tive oxygen species and thereby reduces ROS mediated damages
in the body (12).

Many studies have shown that high intensity exercise can in-
crease the production of free radicals and cause oxidative tissue
damages (13,14). The impact of acute exercise on production
of free radicals and antioxidative system is being explored inten-
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sively (15, 16). F2- isoprostane concentration (marker of oxida-
tive stress) is significantly higher after moderate exercise (38%),
exhaustion (45%) and 1 hour after recovery (31%) (17). Mas-
taloudis et al. (18) also established that the F2 isoprostane level
significantly increased during 50 km long ultramarathon, return-
ing to initial levels after the race.

Leeuwenburgh et al. (19) in their study showed that acute ex-
ercise causes higher levels of oxidants and oxidative stress in
untrained animals. However, long-term exercise can cause op-
posite effect, increasing the activity of antioxidative enzymes and
decreasing the production of oxidants. In fact, they showed that
animals, after long-term exercise, had lower levels of oxidative
stress markers in muscles and in urine.

Mclntosh and Sapolsky (20) believe that increased level of re-
active oxygen species in stress situations, like acute exercise,
could be conditioned by increased concentration of glucocorti-
coids. In their research, mentioned hormones lead to increased
production of reactive oxygen species in the body.

In exercise group, we measured levels of uric acid only in blood
samples taken after animal sacrifice, assuming that taking the
blood sample before exercise would cause additional stress
which could affect tested values. Besides, we believe that, in that
case, levels of uric acid taken from rat’s tail vein would differ
from levels measured in abdominal aorta. In fact, taking sample
from rat’s tail vein, part of extracellular fluid is retroceded, which
attenuates the sample and decreases the concentration of exam-
ined supstances.

Our study shows that acute bout of 40-minutes swimming exer-
cise leads to increase uric acid serum levels in rats, as possible
antioxidative reponse to increased oxidative stress.
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Abstract

The obijective of this study was to determine position-related differences
in the amount, intensity and speed of movement in elite football players.
The variables describe the amount, intensity and speed of movement of
the players when in possession of the ball, when not in the possession
of the ball, and when the ball is out of play. A random selection of 150
players (30 for each playing position, goalkeepers excluded) from a popu-
lation of 226 players drawn from the 32 national teams that have partici-
pated in the 2010 World Cup finals in South Africa, and have played at
least 250 minutes in 3 matches. Univariate analyses of variance revealed
significant positional differences in total distance covered, the greatest
distance being covered by defensive midfielders (10.50 km) and offen-
sive midfielders (10.39 km). Defensive midfielders (4.2 km) and forwards
(4.0 km) covered the greatest distance when their team is in possession
of the ball, and defensive midfielders (4.45 km) when their team is not in
possession. When the ball is out of play there are no statistically signifi-
cant differences between particular types of players. With respect to the
intensity of activity, we observed that the forwards spend the most time in
low intensity activities (54.01 min), defensive midfielders in the medium
intensity activities (6.20 min), while the offensive midfielders spend the
most time in high intensity activities (6.51). These results could be useful
to coaches and performance specialists when designing position-specific
training and conditioning programs.

Key words: football, movement, playing position

Introduction

Football game is characterized by a multitude of tasks the play-
ers perform during a match, which is manifested through a large
amount of different types of movements (walking, running, sprint-
ing, jumping, sliding, duel, etc.). It has been, for example, estab-
lished that elite football players cover over 10.5 km per match
(Rampinini et al., 2007; Dellal et al., 2010), 30% of which con-
sists of high-intensity movements (Rampinini et al., 2007; Brad-
ley et al., 2009 and 2010). The players that are engaged more in
the phase of attack create more opportunities to receive the ball
and make a meaningful pass to a teammate. In the phase of de-
fense, a greater amount of movement allows the players to create
high pressure primarily on the player in possession of the ball, but
on the other players as well, which prevents the opposing team
from organizing their play in the phase of attack.

As a result of specific demands formed by the large dimensions
of the pitch, through the development of the football game, a need
for specialization of players for certain positions in the team has
appeared. In previous researches, differences in the amount of
movement between players that play on different positions have
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SaZetak

Osnovni cilj ovog istrazivanja bio je utvrditi razlike izmedu centralnih i
bocnih defanzivnih, veznih defanzivnih i ofanzivnih igraca te napadaca u
varijablama koje opisuiju koli¢inu, inetenzitet i brzinu kretanja nogometasa
u posjedu i bez posjeda lopte te dok je lopta izvan igre. IstraZivanje je
provedeno na slu¢ajno odabranom uzoraku od 150 igraca (30 za svaki
tip igraCa) iz populacije igraca koji su odigrali najmanje 250 minuta u 3
utakmice (226 igraca) iz 32 nacionalne reprezentacije koje sudjelovale na
zavrsnici Svijetskog nogometnog prvenstva 2010. godine u Juzno Africkoj
Republici. Za utvrdivanje razlika izmedu pojedinih tipova igraca koristena
je univarijatna analiza varijance, te Scheffeov test. Usporedbom pojedinih
tipova igraca u prosjecno pretr¢anim kilometrima tijekom jedne utakmice
utvrdeno je da najvise pretre defanzivni vezni igraci (10.50 km) i ofenziv-
ni vezni igraci (10.39 km). Defenzivni vezni igraci (4.2 km) i napadaci (4.0
km) imaju najviSe prosjecne vrijednosti pretr¢ane udaljnosti kad je ekipa u
posjedu lopte, a defanzivni vezni igraci (4.45 km) kad ekipa nije u posjedu
lopte. Za vrijeme kada je lopta izvan igre nema statisticki znaCajne razlike
u pretr¢anoj udaljenosti izmedu pojedinih tipova igra¢a. Usporedbom po-
jedinih tipova igra€a s obzirom na intenzitet aktivnosti, moguce je uociti
da napadaci najviSe vremena provodu u aktivnostima niskog intenziteta
(54.01 min), defanzivni vezni igraci u aktivnostima srednjeg intenziteta
(6.20 min), dok u aktivnostima visokog intenziteta najviSe vremena pro-
vedu ofanzivni vezni igraci (6.51 min).

Kljucne rijeCi: nogomet, kretanje, tipovi igraéa

been established (Di Salvo et al., 2007 and 2009; Bradley et al.,
2009 and 2010; Bangsbo et al. 1991; Reinzi et al. 2000; Dellal et
al., 2010). Di Salvo and associates (2009) have, for example, es-
tablished that in English Premier League the type of players which
cover the most distance in high intensity are side backs (on av-
erage 10.96+1.06 km/match), while the least distance covered
in high-intensity was covered by central defenders (on average
0.68=0.13 km/match). Aside from this, it has been established
that the amount of movement differs between players that belong
to different football traditions. For example, players in English Pre-
mier League cover on average 10.1+0.7 km/match which is sig-
nificantly more than the elite South American players who cover
on average 8.64+1.16 km/match (Reinzi et al., 2000).

Total amount of movement, or distance covered, is usually di-
vided into activities of low, medium and high intensity (Rampinini
et al., 2007; Bradley et al., 2010). In regard to movement with
high intensity, we can again find differences between particular
types of players. According to the research done by Bradely et al.
(2009) side midfielders spend the most time engaged in high-in-
tensity activities (on average 3.14=0.57 km/match), and central
defenders spend the least (on average 1.83+0.26 km/match).
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Running at maximum speed (sprinting) occurs on average every
90 seconds of the match (Reilly and Thomas, 1976) and doesn’t
last more than 2 to 4 seconds (Reilly and Thomas, 1976; Bangs-
bo, 1991). Latest research shows that 96% of sprints are shorter
than 30 meters, and 49% is shorter than 10 meters (Valquer et al.,
1998). Sprinting represents just 1-11% of total covered distance
during a match, which is 0.5-3% of total duration of the match
(Bangsbo, 1991.; Reilly and Thomas, 1976).

Despite a sizable number of previous researches that have
dealt with this issue, it is noticeable that they were conducted
on national leagues (England, Spain, France, the Netherlands),
Champions League and UEFA Cup, and that there are certain in-
consistencies in defining the particular types of players, as well
as in defining the areas of intensity of activities. Therefore the
real goal of this research is to establish the differences between
the 5 basic types of elite players (central defenders, side backs,
defensive midfielders, offensive midfielders and forwards) with
variables that describe the amount, intensity, and speed of move-
ment of the players when in possession of the ball, when not in
possession of the ball and then when the ball is out of play, on
a representative sample of players that have competed at World
Cup 2010 in South Africa, which wasn’t the case in previous re-
searches.

Methods

Population and entities sample (players)

The population of entity consists of players (approx. 600) from
the 32 national teams which have participated at the World Cup
2010 finals in South Africa Republic. To keep the estimate of vari-
ables reliable only the players that have played at least 250 min-
utes in 3 matches (226) were taken into consideration. From this
pool a sample of 150 players was randomly selected (30 for each
type of player: central defender, side back, defensive midfielder,
offensive midfielder and forward).

Movement variables

For every match, 7 basic and 1 derived indicator of movement
were registered for each player, as well as the number of min-
utes and matches played. Based on this information, a matrix has
been formed in which the data for each player was determined
as sum results in all the matches divided with the total number
of minutes played and then multiplied by 90 (the official time of
a football match) - “maximum running speed” is an exception
for the variable, as it has been calculated as the average value
of maximal running speed in all the matches played. The basic
variables which describe the movement of the players are:

¢ Distance covered — team in possession of the ball - repre-
sents the distance covered by the player while his team is in
possession of the ball.

¢ Distance covered - team is not in possession of the ball -
represents the distance covered by the player while his team
is not in possession of the ball.

< Distance covered — ball out of play — represents the dis-
tance covered by the player when the ball is not longer in
active play (delays, set pieces, throw-ins).

e Maximum running speed — represents the maximum run-
ning speed measured during the match.
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* Low intensity activity — represents the time the player has
spent in activity in which the speed of movement is less
than 10km/h.

*  Medium intensity activity - represents the time the player
has spent in activity in which the speed of movement is
equal to or greater than 10km/h, and less than 15 km/h.

»  High intensity activity - represents the time which the play-
er has spent in activity in which the speed of movement is
equal to or greater than 15km/h. and a derived variable:

» Distance covered — represents the total distance covered. It
is calculated as a simple sum of variables: distance covered
when team is in possession, when team is not in posses-
sion, and when the ball is out of play.

Statistical analyses

For all variables descriptive indicators were calculated: arithmetic
mean, minimum and maximum result, standard deviation, skew-
ness and kurtosis. Normality of the distributions of all variables
was tested by the Kolmogorov-Smirnov test (K-S test). In de-
termining the differences between particular types of players we
used the univariate analysis of variance and Scheffes’s test in
the scope of Post-hoc technique, which is used to reduce the
probability of error of type o which occurs due to a high number
of comparisons.

Results and discussion

Table 1 shows that a player on average covers 9.96 km in a
match, 3.85 km (39%) of which is when his team is in posses-
sion of the ball, 3.97 km (40%) while his team is not in the pos-
session of the ball and 2.1 km (21%) when the ball is out of play.
The average value of maximum running speed is 26.25 km/h,
and it has ranged from the minimum of 20.96 km/h, to the maxi-
mum of 31.5 km/h. The values of kilometers covered on average
are somewhat lower from the values Di Salvo and assoc. (2007
and 2009) have come up with in their research conducted on
matches of Spanish La Liga, UEFA Champions League and UEFA
Cup. It is possible to assume that the reasons the players on
those matches scored a higher average on kilometers covered is
due to the higher concentration of quality, the fact that the teams
in observed matches were of similar strengths and finally that
the World Cup 2010 finals were held in South Africa Republic
where the climate conditions were not as favorable. Aside from
that, through additional observation of Table 1, we can note that
the players on average spend only 5.7 minutes (6%) engaged
in high intensity activities (speed of movement 2 15km/h), 5.31
minutes (6%) in medium intensity activities (10 £ speed of move-
ment < 15 km/h) and 52.29 minutes (58%) in low intensity ac-
tivities (speed of movement < 10 km/h). In other activities, such
as walking or standing, players spend on average 26.7 minutes
(30%). Itis also noticeable that all the variables of players’ move-
ment do not deviate in a statistically significant way from normal
distribution (maxD>0.11), which justifies the use of univariate
analysis of variance to check the set hypothesis.

Table 2 shows the results of the univariate analysis of variance
and Scheffes’s post-hoc test of differences between players who
play primarily on the positions of offensive midfielders, central de-
fenders, side backs and forwards in the distance covered variable.

Based on the results we can conclude there are statistically
significant differences between the analyzed types of players in
this variable — between the offensive and defensive midfielders



Table 1: Descriptive statistical parameters: arithmetic mean (M), minimum value (Min), maximum value (Max), standard deviation (SD) skewnes
(a3) and kurtosis (a4) of basic and derived variables, and KS test of normality of distribution of variables.

M Min Max SD a3 a4 maxD
Distance covered (km) 9.96 7.80 11.93 | 0.81 0.06 -0.31 0.05
Distance covered with the ball (km) 3.85 2.47 5.46 0.56 0.05 -0.12 0.05
Distance covered without the ball (km) 3.97 2.66 5.46 0.56 | 0.10 -0.16 0.05
Distance covered with ball out of play (km) 2.14 1.53 2.91 026 | 0.18 0.01 0.04
Maximum running speed (km/h) 26.25 | 2096 | 31.50 | 229 | -0.04 | -0.78 0.09
Low intensity activity (min) 5229 | 4429 | 6050 | 3.19 | -0.02 | -0.48 0.05
Medium intensity activity (min) 5.31 3.20 8.33 1.08 | 0.61 0.05 0.08
High intensity activity (min) 5.70 3.20 8.80 1.26 0.26 -0.50 0.05

K-S-test. . = 0.11

0.05

Table 2: Results of the univariate analysis of variance and Scheffe’s post-hoc test of differences between players who primarily play the positions of:
offensive midfielder, defensive midfielder, central defender, side back and forward in the variable distance covered

F=16.29; p=0.00
isare o )
Offensive midfielder 10.39
Defensive midfielder 10.50 1.00
Central defender 9.29 0.00 0.00
Side back 9.93 0.05 0.03 0.01
Forward 9.68 0.00 0.00 0.29 0.75

(between which a statistically significant difference has not been
established) compared to the other types of players, and between
the side backs and central defenders. The results show that the
midfielders cover the most distance in a match (defensive mid-
fielders 10.50 km and offensive midfielders 10.39 km) because
they cover the largest area of the pitch and because they are a
link between the defensive and offensive part of the team. In the
phase of attack, the main role of defensive midfielders is to posi-
tion themselves diagonally behind offensive midfielders (primarily
the one who is in the possession of the ball) so they can open up
the option of passing backwards as a tactical device of delaying
the attack, and putting themselves in a position that allows quick
transformation to defense in the event that possession is lost. In
the phase of defense, defensive midfielders position themselves
on an imaginary line that connects the ball and the middle of the
goal if the opposing team’s offense is their own half or around the
centre of the pitch. If the opposition’s offensive line is closer to
the goal they cover a part of the pitch in a zonal defense or mark a
certain player individually. The amount of distance covered is also
dependant of whether the team plays with one or two defensive
midfielders.

Offensive midfielders differentiate from the defensive midfield-
ers mostly in movement when the team is in possession of the
ball because they have to search for the area to receive the ball,
and then use the ball efficiently. The slightly shorter distance they
cover can also be explained by the cooperation of the offensive
midfielders with forwards in the phase of attack on an area ap-
proximately the same as the one that is covered by the two de-
fensive midfielders.

Additionally, a statistically significant difference between the
central defenders and side backs has been established. Central
defenders (9.29 km) and forwards (9.68 km) have, on average,
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covered less kilometers than the other types of players because
they are primarily focused on playing in one phase of the game
(central defenders in defense, and forwards in attack), while the
side backs have a greater number of kilometers covered (9.93
km) than both the central defenders and the forwards because
apart from the greater participation in the phase of defense they
are also a significant presence in the phase of attack. Similar re-
sults were obtained by Di Salvo et al. (2007; 2009), with a nota-
tion that the average values of kilometers covered where slightly
higher in their research.

Side backs move statistically significant more than the central
defenders, and more - but not statistically significant more — than
the forwards. The current trend in development of the modern
football game is partially based on the side backs that cover the
whole length of the field next to the throw-in line. As they are
players of the last line their primary tasks are defensive in nature
(they attack players from the lateral area of the pitch in a zonal
defense, and participate in all the defensive actions as first or
last players). They have to transform quickly from the phase of
defense into an offensive player by taking their position next to
the throw-in line or by running quickly into the empty space in
order to open up space for another midfielder, which is not pos-
sible unless the side backs participate in the offense because that
space then has to be covered by the offensive midfielder. The
reason they cover less distance than the midfielders even though
they are covering the entire length of the pitch is that they rarely
move into the width.

Forwards, on the other hand, move over the entire width of the
pitch, but not over the full length (usually just to the half of the
pitch). The role of the forward if primarily based on the phase of
attack so their total distance covered is lesser compared to the
other players. The same goes for the central defenders, the differ-
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ence being that their performance is mostly based on the phase
of defense where they are positioned in a zone between the side
backs, so their space for movement is greatly reduced. In the
phase of attack they participate at the beginning of a continuous
attack or in the transition in a combined attack. In both cases
their role ends when they pass the ball to the closest midfielder
and by positioning themselves at the prearranged distance from
their own goal (generally not beyond the centre of the pitch). They
rarely find themselves involved in the finishing stages of an at-
tack, unless there are set-pieces which create a possibility for
them to come forward and be dangerous in aerial duels.

By comparing the observed types of players in kilometers cov-
ered when their team is in the possession of the ball (Table 3), we
can notice that offensive and defensive midfielders, side backs
and forwards cover a statistically significant amount of kilometers
than central defenders. These results are expected because the
first mentioned types of players are significantly more involved in
organizing the phase of attack. Apart from this, another statisti-
cally significant difference has been observed, the one between
offensive midfielders (who, on average, cover the most kilome-
ters when their team is in possession: 4.2 km) and side backs
(3.77 km) while no statistically significant difference has been
established between other types of players. Offensive midfielders
cover the most distance when moving with the ball, which is to
be expected as their role in the team is defined by moving with the
ball and passing it to their teammates. Offensive midfielders are
the link between the defense and attack, and their role is to take
the ball from the defensive midfielders or the players in the last
line of defense and transfer it to the finishing phase of an attack.

Forwards and defensive midfielders have similar results which
they have achieved by different means - the forwards must react
quickly and efficiently due to a constant pressure from the players
in defense - the results have been drawn through a large number
of contacts with the ball, while defensive midfielders have less
contact with the ball, but those contacts occur in the area around
the centre of the pitch where the pressure from the opposing

teams is significantly less, therefore, they can hold the ball in
possession and cover a certain distance with it.

Central defenders have covered statistically significant less dis-
tance than any other type of player with the ball because they
can not expose themselves to the risk of holding the ball for too
long or covering a great distance with it as there are no players
between them and their goal should they lose the ball. If we com-
pare the players by the number of kilometers covered when their
team is not in the possession of the ball (Table 4), it is evident
that the defensive midfielders have the greatest number of kilo-
meters covered (4.45 km). In addition, the statistically significant
difference compared to all the other types of players. On the other
hand, the forwards have the smallest number of kilometers cov-
ered (3.54 km) which makes them statistically significant from
almost all the other types of players (statistically significant dif-
ference with the error of less than 0.05 has not been identified
only between them and the central defenders, as the error in this
case was less than 0.16). These results show that in the phase of
defense the midfielders have the most defensive tasks because
they have to close down the middle area of the pitch (the biggest
part of the pitch), while the forwards participate the least in de-
fensive duties. This variable reveals the differences in the results
between two types of midfielders. The greatest distance covered
while the opposing team is in possession of the ball is achieved
by the defensive midfielders (4.45 km).

This happens because of the specific way their movement chang-
es in regard to how far the ball is from the goal (they position
themselves on an imaginary line that links the ball and the middle
of the goal, while the opposing team’s attack is in the defensive
half or around the centre, and if the opposition’s attack is in the
attacking half they cover a part of the pitch in a zone or they
mark a certain player individually). The forwards have, on aver-
age, scored the smallest values in distance covered when moving
without the ball. That is because the role of a striker in the phase
of defense is to find a position to optimize his movement when his
team regains possession of the ball.

Table 3: Results of the univariate analysis of variance and Scheffe’s post-hoc test of differences between players who primarily play the positions of:
offensive midfielder, defensive midfielder, central defender, side back and forward in the variable distance covered with the ball.

Distance covered with the bal Arithmetic Offensive F Dﬁé?s;vz — .

(km) mean midfielder midfielder Central defender Side back
Offensive midfielder 4.20

Defensive midfielder 3.90 0.20

Central defender 3.37 0.00 0.00

Side back 3.77 0.02 0.91 0.04

Forward 4.00 0.57 0.96 0.00 0.54

Table 4: Results of the univariate analysis of variance and Scheffe’s post-hoc test of differences between players who primarily play the positions of:
offensive midfielder, defensive midfielder, central defender, side back and forward in the variable distance covered without the ball.

Distance covered without the Arithmetic Offensive F 1[;2](2:”-3?\18 = Central .
bal (km) mean midfielder midfielder defender Side back
Offensive midfielder 410
Defensive midfielder 4.45 0.02
Central defender 3.86 0.78 0.00
Side back 4.00 1.00 0.01 0.87
Forward 3.54 0.01 0.00 0.16 0.01
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In distance covered when the ball is out of play no statistically
significant difference between certain types of players has been
found, which is in agreement with their average values that range
from 2.06 km for central defenders and up to 2.18 km for of-
fensive midfielders (Table 5). This can be explained by the fact
that every player is trying to maintain optimal positioning to one
another so they have to cover approximately the same distance in
order to take their position in the pre-arranged formation, which is
their only task in a situation when the ball is out of play.

Through observation of the variable maximum running speed
(Table 6) results, we can conclude that every type of player has
to have a high level of sprinting capabilities. Forwards achieve
statistically significant greater speed than the defensive midfield-
ers. Between the other types of players no statistically significant
difference was established. Despite that, we can observe that
offensive midfielders with 27.09 km/h and forwards with 27.37
km/h are very similar in their sprinting capabilities and are the
fastest players in the team. On the other hand, the other three
types of players have similar average values for maximum run-
ning speed (25.35-25.74 km/h) and they differ significantly from
offensive midfielders and forwards.

Therefore it is possible to conclude that the players on these po-
sitions (offensive midfielders and forwards) have to escape the
opposing team’s defense with quick reactions or go around the

opponents in order to create an advantage in space and num-
bers. Furthermore, these types of players find it easier to achieve
greater speed because they find themselves more often in a
chance to operate in larger spaces. The defensive players are in
general, somewhat slower due to the duels and aerial challenges
they have higher body mass and height than the offensive players
(Bangsbo, 2003).

The forwards achieve the fastest speed of movement because
they have to react in small space with the opposing team’s de-
fense players. Speed is the crucial factor which enables them to
win space for an efficient attacking action and considering they
often receive the ball with their backs to the goal. Defensive mid-
fielders have no need for quick reactions because they operate in
the part of the pitch where crucial things don’t take place, so the
players don’t have the need to move quickly. The result which
shows that offensive midfielders are the second fastest type of
players is very interesting. Such information points to the current
trend of development of the football game where quick transition
through the middle is becoming more and more important, which
is the role the offensive midfielders perform.

Low intensity activity (Table 7) is characteristic for forwards and
central defenders, because these two types of players have the
least contact with the ball and the areas of the pitch they cover
is where the game is played the least, so low intensity running is

Table 5: Results of the univariate analysis of variance and Scheffe’s post-hoc test of differences between players who primarily play the positions of:
offensive midfielder, defensive midfielder, central defender, side back and forward in the variable distance covered when the ball is out of play.

pistance covered when the ball Arithmetic Offensive F (I;.(i‘i’ngiveo.44 Central .

's out of play (km) mean midfielder midfielder defender Side back
Offensive midfielder 2.18

Defensive midfielder 2.15 0.99

Central defender 2.06 0.53 0.79

Side back 2.16 1.00 1.00 0.69

Forward 2.15 0.99 1.00 0.77 1.00

Table 6: Results of the univariate analysis of variance and Scheffe’s post-hoc test of differences between players who primarily play the positions of:
offensive midfielder, defensive midfielder, central defender, side back and forward in the variable maximum running speed.

Maximum running speed ____ : F=512p=000

(km/h) Arithmetic Offensive Defensive Central Side back
mean midfielder midfielder defender

Offensive midfielder 27.09

Defensive midfielder 25.35 0.07

Central defender 25.69 0.24 0.98

Side back 25.74 0.27 0.98 1.00

Forward 27.37 0.98 0.01 0.07 0.08

Table 7: Results of the univariate analysis of variance and Scheffe’s post-hoc test of differences between players who primarily play the positions of:
offensive midfielder, defensive midfielder, central defender, side back and forward in the variable low intensity activity.

Low intensity activity (min) ___ : F=7.82,p=0.00
Arithmetic Offensive Defensive Central Side back
mean midfielder midfielder defender
Offensive midfielder 51.44
Defensive midfielder 50.51 0.79
Central defender 53.71 0.09 0.00
Side back 51.79 1.00 0.58 0.18
Forward 54.01 0.03 0.00 1.00 0.08

20

HOMO SPORTICUS ISSUE 2 2011



sufficient for them to reach the desired position. Defensive mid-
fielders must spend a greater amount of time in high intensity
activities because that enables them to position themselves better
for the actions that take place in their area of operation — and as
the game is played in their area for the greater part of the match
they spend less time engaged in low intensity activities.

In contrast to the low intensity activities, defensive (6.20 min)
and offensive midfielders (5.75 min), because of the specialty of
their position and their activity in a large area of the pitch, spend
the most time in medium intensity activities. That is why in this
variable a statistically significant difference has been established
between the offensive midfielders compared to the central de-
fenders and forwards, and defensive midfielders compared to all
the other types of players, except the offensive midfielders (table
8). Medium intensity activities are the most prominent charac-
teristic of midfielders because only with such activities can they
fulfill all the tasks in the large area of the pitch they cover, and at
the same time divide their energy rationally for the entire duration
of the match.

In the high intensity activity variable (Table 9), statistically sig-
nificant differences were noted between the central defenders
compared to all other types of players, and between forwards
compared to all midfielders who, because of the specialty of their
position and their role in the game (creating the finishing stages
of an attack), spend the most time engaged in high intensity ac-
tivities (offensive midfielders with 6.51 min, and defensive mid-
fielders with 6.27 min). Unlike them, the central defenders, on
average, spend the least amount of time engaged in high intensity
activities (4.51 min). High intensity activities occur with every di-
rect confrontation with the opponent when fighting for the ball. As
the midfielders have the most of such activities, both in defense
and in attack, their score being the highest in this variable was
to be expected. Central defenders have the most duels that are
short lived, until the ball is cleared or the game is stopped - and
this only in the phase of defense, which reflects in them spending
significantly less time engaged in high intensity activities.

Table 8: Results of the Kruskal-Wallisov’s test of differences between
players who primarily play the positions of: offensive midfielder,
defensive midfielder, central defender, side back and forward in the
variable medium intensity activity.

Conclusion

By comparing the particular types of players in average distance
covered during a match, we can conclude that defensive midfield-
ers (10.50 km) and offensive midfielders (10.39 km) cover the
most distance, which is expected as they are covering the largest
area of the pitch, and as they are the link between the defensive
and attacking part of the team so they have tasks in both defensive
phase and attacking phase of the game. If we observe the average
distance covered when their team is in the possession of the ball
(phase of attack), it is visible that the offensive midfielders (4.2 km)
and forwards (4.0 km) have the highest average values, because
once the possession of the ball is obtained the focus is to move
the game towards the opponent’s goal, during which the biggest
role falls to the offensive midfielders and the forwards. While in
the phase of defense (when their team is not in possession of the
ball), on average most distance is covered by the defensive mid-
fielders (4.45 km). During the time the ball is out of play there is
no statistically significant difference in distance covered between
the particular types of players. Therefore it is possible to conclude
that the midfielders cover the most distance (defensive and of-
fensive midfielders), while the central defenders and forwards on
average cover a little less distance. However, the results also point
to the fact that all types of players in elite football must have very
high running capabilities because their average values move in the
range of only 0.82 km (from 9.68 to 10.5, with average value of
9.96 km). By comparing the types of players based on the intensity
of the activities during the time spent in active play, it is noticeable
that the forwards spend the highest amount of time in low intensity
activities (54.01 min), defensive midfielders in the medium inten-
sity activities (6.20), while offensive midfielders spend the most
time engaged in high intensity activities (6.51 min). Due to their
position and their role in the system, the forwards participate less
in the phase of defense than the other types of players, so the time
they spend engaged in low intensity activities was to be expected.
On the other hand the offensive midfielders’ primary task is to cre-
ate good opportunities in the final stages of an attack, which results
in the highest average values in high intensity activities, while the
defensive midfielders, due to the specialty of their position and a
large area of the pitch they are active in, spend the most time in the
medium intensity activities (6.20 min).

P : - . F=16.19; p=0.00
Medium intensity activiy (min) Arithmetic Offensive Dgfe_nsri)ve Central Side back
mean midfielder midfielder defender
Offensive midfielder 5.75
Defensive midfielder 6.20 0.54
Central defender 4.65 0.00 0.00
Side back 5.22 0.24 0.00 0.22
Forward 4.73 0.00 0.00 1.00 0.35

Table 9: Results of the Kruskal-Wallisov’s test of differences between players who primarily play the positions of: offensive midfielder, defensive
midfielder, central defender, side back and forward in the variable high intensity activity.

L . . . F= 16.86; p=0.00
High ntensity activiy (min) Arithmetic Offensive De_:fepsive Central Side back
mean midfielder midfielder defender
Offensive midfielder 6.51
Defensive midfielder 6.27 0.90
Central defender 4.51 0.00 0.00
Side back 577 0.09 0.50 0.00
Forward 5.45 0.00 0.05 0.02 0.84
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Abstract

Main goal of this research is used notational analysis to define differences of the indicators of the situation efficiency among senior male from par-
ticipants of the State championship of Bosnia and Herzegovina and Balkan’s Judo Championships. Analysis has been done based on video scripts
of 109 fights for BIH senior’s male and video scripts of 79 fights for Balkan senior’s male in all seven categories. Matches have been monitored with
18 variables of situation’s efficiency in Judo. For defining differences of indicators of situation’s efficiency it has been used 2 (Chi Square) test. The
results of the %2 tests implicate to the statistically important differences among seniors - male in analyzed indicators of the situation’s efficiency. Both
groups of the examined were more efficient with throwing techniques comparing to the floor techniques. Bosnian seniors male used more hand throw-
ing techniques while male Balkan championship dominated with leg throwing techniques and grappling techniques. The most efficient techniques that
seniors - male used from BH State competitors are: Ippon Seoi Nage, Tani Otoshi, Harai Goshi, etc, while male competitors from Balkans championship

used: Uchi Mata, Sukui Nage, Ippon Seoi Nage, etc.

Key words: judo, notational analysis, male competitors

Introduction

Nowadays judo is very dynamic and demanding martial art where
the fight is developing into two main areas: standing combat and
floor combat. First: both areas of fight request different approach-
es in the process of training fighters for the championships; and
second: necessity for the analysis of the situation’s efficiency
monitoring in judo can give quality information about acting
manner of the fighters and their efficiency during the matches.
Notational Analysis is an objective way of recording performance
so that key elements of that performance can be quantified in a
valid and consistent manner (ISPAS, 2011). Researches of the
capabilities, distinctions and knowledge of fighters that are di-
rected into notational analysis of the indicators of the situation’s
efficiency, which competitors realize during the competitions
(Milanovic, 1999; Milanovi¢, 2009) represent good base for the
applying researching results of situation’s efficiency in judo.

The manner of leading the fight in judo requests from fighters ex-
traordinary application of technical elements of judo into the right
and left side at standing position and floor; same as possibility of
combining of those techniques. Valuing importance of technical
parameters of situation’s efficiency is that they are collected in
the conditions of real fights of two fighters in the most important
competitions. Looking from the different aspects of preparatory
time for the competition, situation’s efficiency of some techni-
cal elements of judo is important. Same importance have proper
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choice of application of the techniques in the competition and
optimal approach to the application of those techniques through
exercises in the situation’s conditions of judo fight and through
proper technology of training. In that context it is important to
distinguish some researches that treat aspects of situation’s
efficiency. Weers (1996) confirmed that top-level judo fighters
have capabilities to apply six throwing techniques in the standing
position and two grappling techniques on the floor. There is huge
number of the techniques in judo 99 (Kajmovic et al., 2010) -
throwing techniques, grappling techniques — but number of the
techniques that won the competitions is little. For that reason
situation’s efficiency of the techniques is not same. Research
of the Sterkowicz & Kasek (1983) apointed to that fact. Those
researches confirmed that efficiency of the holding techniques
Osae Komi Waza by senior female is higher comparing with male,
but they are less efficient with hand throwing techniques; and
both groups of examined have same typical efficiency of throw-
ing Seoi Nage technique. Main goal of this research notational
analysis as confirmation of indicator’s differences of situation’s
efficiency for senior male from Bosnia and Herzegovina and male
competitors from Balkan’s championships in judo. It serves also
for defining those factors that mostly contribute to the success of
the results, on this two level of competitions for these two groups
of examined.
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Methods

Sample of the examined

Specimen of the examined is defined as a total of fights (n = 109)
State championship of Bosnia and Herzegovina held in Kiseljak
2011 years (B&H) and total of fights (n = 79) from Balkan’s
Judo Championship, held in Trebinje (B&H) 2010 years for the
male seniors competitors for all seven categories (60, 66, 73,
81, 90, -100 and +100). At the Balkan’s Championships further
national judo teams participated: Bosnia and Herzegovina, Serbia,
Bulgaria, Rumania, FRY Macedonia, Albania, Greece, Turkey and
Montenegro.

Sample of variables

Analysis of the parameters of situation’s efficiency is based on
official classification of judo techniques by 18 indicators of situa-
tion’s efficiency (IJF — Waza list, 2010) as it follows.

a) Groups of judo techniques:1)Nage-Waza (Throwing tech-
niques), 2)Katame-Waza (grappling techniques);

b)Subgroups of judo techniques: 3) Te-Waza (Hand throwing
techniques), 4) Koshi-Waza (Side throwing techniques), 5) Ashi-
Waza (Leg throwing techniques), 6) Sutemi-Waza (Sacrificing
throwing techniques), 7) Osa-Komi-Waza (Holding techniques),
8) Shime-Waza (Struggling techniques), 9) Kansetsu-Waza (Le-
ver techniques);

¢) Quantitative indicators of judo fights: Technical points - 10)
Ippon (10pts), 11) Waza -ari (7pts), 12) Yuko (5pts), 13) Koka
(3 pts) - Penalties — 14) Shido 1 (-3pts), 15) Shido 2 (-5pts), 16)
Shido 3 (-7pts), 17) Hansokumake/Shido 4 (-10pts).

d) 18) Situation’s efficiency of the separate throwing judo tech-
niques and floor techniques.

Data processing methods

The frequencies and percentage values were counted for all
the observing variables. For the confirmation of the differences
between the frequencies it was used 2 test (Chi Square test) at
the level of statistical importance 5% (p< 0,05) assisting with
contingent tables (Petz, 1997). Testing importance of the corre-
lation among monitored variables it was used coefficient of the
contingency (C). For the measuring of the situation’s efficiency of
every particular judo techniques it was used formula (Sterkowicz,
1999):

|- = Number of the official scores / Total number of the attacks x 100.

Results and Discussion

Based on the analysis of video scripts of 109 fights from State
championship of Bosnia and Herzegovina and 79 video scripts
of Balkan’s championship held Bosnia and Herzegovina, it was
presented 330 technical actions among which both groups pre-
sented 87,9% from the group Nage Waza, while a small number
of the technical actions were presented from the group Katame
Waza 12,1% (Table 1). Male seniors from Balkan’s dominates
with throwing techniques 91,7%, comparing to the male seniors
from BiH 83,3%, that have more efficiency in floor techniques
16,7%, comparing to the male seniors 8,3%. The results of the »?
tests appoint to the existence of the statistics differences among
monitored frequency of the throwing techniques, compa