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OBESITY, ENERGY BALANCE AND ITS REGULATION

Pavel Stejskal

Faculty of Physical Culture, Palacký University, Olomouc, Czech Republic

Submitted in July, 2000

This review is based on several studies that have advanced our understanding of overweight and obesity from the
point of view of energy balance and its regulation. There is no doubt that physical activity plays a key role in the
prevention and therapy of obesity and it is, therefore, an indispensable component of healthy life style. However,
a full consensus on an “optimal” physical activity does not exist at present. This is attributable to individual
variations in dispositions, mostly subject to heredity, that modulate changes in the energy balance. To this end, it is
necessary to understand these individual differences in order to prescribe an effective programme of physical
activity and to instill positive changes in the life style of an individual.

Keywords: Overweight and obesity, energy balance, energy intake, energy expenditure, physical activity, heredity in obesity,
central effector pathways, autonomic nervous system.

INTRODUCTION

Approximately one half of the adult European
population between the ages of 35 and 65 years is
either overweight or obese. The Central European
region is characterised by the highest prevalence of
obesity in Europe (Hainer et al., 1997b). The Czech
Republic ranks among those countries with the highest
prevalence of overweight and obesity; where the obesity
significantly exceeds the upper limit of European mean
range primarily in women. At the end of the eighties,
the prevalence of obesity in the Czech Republic
reached 16.3 % in men and 20.2 % in women.

The prevalence of obesity has shown an ascendant
trend to the level of 10–40 % in most European
countries, in the USA and in Canada over the last ten
years. According to the MONICA study, the prevalence
of obesity rose sharply in the rural population of the
Czech Republic (Hainer et al., 1997a). Tangibly, 29.4 %
of men and 40.6 % of women aged between 33 and
73 years were obese in the Benešov district. 77.4 % of
the inhabitants suffered from overweight and obesity
in toto. In 17.2 % of the monitored population, an
increased risk of development of severe diseases was
only slight; whereas the remaining 60.2 % of the
inhabitants belonged to the high risk group.

Recently, obesity is regarded as one of the primary
risk factors affecting an industrial society. The problem
is not limited to the existence of obesity alone, but
more so in the complications and the risks arising
thereof (coronary artery disease, hypertension, diabetes
mellitus, dyslipidemia, etc.).

ENERGY BALANCE AND OBESITY

The main determinants of increased prevalence of
obesity are reduced physical activity (PA) and excessive
energy intake that induce a positive state of energy
balance. Total energy expenditure comprises the resting
energy expenditure (on average about 60 % of total
energy expenditure), PA-induced energy expenditure
(PAEE) (about 30 % of total energy expenditure), and
the postprandial thermogenesis (about 10 % of total
energy expenditure); psychical activities exhibit
significantly lower energy expenditure.

Provided that the body weight is constant, an
increased total energy expenditure induced by an
increased PAEE must be associated with increased
energy intake. Therefore, regular exercise-induced
increase in energy expenditure without weight loss is
counteracted by a compensatory increase in energy
intake in the long-term (Scheurink et al., 1999). On
the contrary, provided that energy intake remains
constant, regular exercise reduces body weight due to
increased total energy expenditure. However, decrease
in PA followed by enhancement of body weight does
not imply an inevitable decrease in total energy
expenditure, in as much as movement with higher
body weight increases total energy expenditure. In
this way, values of total energy expenditure should
relate to the body weight.

PA influences total energy expenditure by direct
energy costs of an exercise bout, elevated postexercise
energy expenditure, elevated resting energy
expenditure, and an increased energy expenditure
associated with non-exercise PA (NEPA).
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NEPA has been shown to be highly variable among
individuals (Goran et al., 1993; Goran & Poehlman,
1992) and may be influenced by endurance training.
Bingham et al. (1989) found a significant increase in
NEPA of approximately 200 kcal/d in young men
following 9 weeks of endurance training. Even if by
the end of the training programme the subjects were
in negative energy imbalance, the resting energy
expenditure did not change; we can therefore infer
that endurance training antagonises the depressing
effect of a negative energy imbalance. Similar findings
were also reported by Meijer et al. (1991) and Blaak
et al. (1994).

However, Goran & Poehlman (1992) have shown
that in elderly men and women, 8 weeks of high
intensity (85 % of VO2 max) aerobic training did not
significantly change total energy expenditure, although
an 11 % increase in resting energy expenditure was
noted. It is apparent that NEPA had to be reduced,
possibly due to accumulated fatigue. Therefore, the
prescription of rather low intensity (i.e., 50–60 % VO2
max) exercise to enhance energy expenditure may be
recommended (Poehlman et al., 1992c).

With increasing obesity, the resting energy
expenditure rises more slowly due to a lower ratio
between LBM and fat mass. Proportionately, less
metabolic active tissue will ultimately lead to greater
weight gain in the obese when compared with the lean
individual (Weisner et al., 1993). Due to greater energy
content of the adipose tissue, the time interval for
reaching a new equilibrium will be longer. For example,
reduced total energy expenditure by 200 kcal/d would
induce, in a lean individual, an increase in body fat by
13.4 kg (59 %) in 5.3 years; in an obese, this increase
would be higher (19.4 kg = 84 %) and is attainable in
9.8 years (Weisner et al., 1993; Saris, 1996).

A positive energy balance is usually observed during
the period of weight gain (dynamic phase of obesity).
In the period that follows, the body weight does not
change (static phase of obesity) due to increased energy
expenditure associated with higher body weight; energy
balance is achieved at a higher level than before the
weight gain.

The meta-analysis study (Schulz & Schoeller, 1994)
found a strong negative relationship between body
fatness and nonbasal energy expenditure (NBEE
= total energy expenditure – resting energy
expenditure) divided by weight. The absence of
overweight individuals above the level of NBEE
= 0.1 MJ/kg/d (24 kcal/kg/d) was remarkable. It implies
that energy intake matches the needs above a certain
threshold of daily PA. Below this hypothetical level,
the human body is unable to match energy output at
relatively higher levels of food intake. The resultant
weight gain forces increased energy expenditure by
increasing body mass and, therefore, both resting
energy expenditure and NBEE, until the subject comes
back into energy balance with an increased weight and
fatness.

Based on this arbitrary threshold of 0.1 MJ/kg/d,
we can calculate the level of PA needed to meet these
criteria. For example, an active woman (35 years)
weighing 65 kg and 1.65 m tall, the resting energy
expenditure is 1330 kcal/d. NBEE based on this
threshold is around 1500 kcal. Assuming that
diet-induced thermogenesis is about 10 % of total
energy expenditure (285 kcal), the net energy
expenditure for physical activity (EEPA) is 1215 kcal.
This active woman probably has an above standard
aerobic fitness (45 ml VO2/kg max = 45 ml/min). To
spend 1215 kcal at a moderate level of exercise
(50 % VO2/kg max) will take her 170 minutes. It is
assumed that in a normal day, approximately 2 hours
of PA (standing, walking, etc., at 25 % VO2 max) are
spent at low levels at an energy cost of 435 kcal. The
remaining NBEE (780 kcal) will require another
105 minutes at a moderate intensity level, or 80 minutes
at an optimally higher intensity level (70 % VO2 max).
However, a daily exercise regimen lasting 1.5 or
2.0 hours is impractical. A 3 or 4 hours “each second
day” training in 35-y old women is de facto ruled out.
Achievement of the above mentioned arbitrary
threshold of 0.1 MJ/kg/d would be very difficult even
for the young endurance trained man who would have
to be in training for 2 hours/d (at a frequency 3- to
4-times per week). The possibility of engaging in such
an extensive PA regimen is applicable in a limited
number of exceptionally talented section of the
population (professional athletes) where time is not
a limiting factor and who have at their disposal modern
regeneration facilities.

PAEE depends on intensity, duration and frequency
of exercise. Conventional programmes suggest an
exercise intensity of 60–85 % VO2 max or maximal
heart rate reserve, duration 30–60 minutes and
frequency 3–4 training sessions per week. In these
cases, the PAEE would range from 500 kcal (2.1 MJ)
to 3000 kcal (8.5 MJ) per training session (on an
average 1500 kcal or 6.3 MJ per week) and would
focus, in principal, on parameters that are negatively
influenced by sedentary life style. However, it must be
appreciated that any restriction in energy intake evokes
easier negative energy balance than exercise alone.

Owing to variability of body weight, assigning of
PAEE values is suggested to relate to the body weight
and further, to distinguish them according to fitness
and gender. We suggested in the aerobic exercise
programme for the untrained population, proposed
and published in the first half of the 90’s (Stejskal,
1993; Stejskal & Hejnová, 1992; Stejskal & Hejnová,
1993), that the training energy expenditure should be
in the extent of 15 to 25 kJ/kg (3.5–6.0 kcal/kg). At
a training frequency 3–4 times per week (every other
day), the energy expenditure per week should be
50–90 kJ/kg (12–21.5 kcal/kg) (Stejskal, 1993; Stejskal,
1995).

From the above mentioned, it implies that PA in
recreational athletes is not able to counter-balance
a pronounced excess of energy intake. The only way to
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preclude overweight in most of the genetically
predisposed population is to adjust energy intake to
the level of energy expenditure. Taking into account
the necessity to prevent reduction of resting energy
expenditure and thus total energy expenditure, regular
PA should be sustained at the minimal level of
12–18 kcal/kg per week (i.e. 3.5–5.0 kcal/kg per training
at the frequency 3–4 training sessions per week,
dependent on age, gender and physical fitness). In the
above mentioned example of a 35-year old woman, the
duration of the training bout at exercise intensity 70 %
VO2 max would be less than 2 hours. In this case, the
intensity and duration of exercise are optimal and
correspond to the physiologic, health, and social
possibilities of most of the population.

Recommended dietary allowances (RDA) for
energy are based on factorial procedures that estimate
the average expected amounts of energy intake which
can be metabolised in order to sustain normal
metabolic processes in addition to desirable or expected
levels of PA in healthy individuals (National Research
Council, 1989). RDA values are used, for example, to
predict the energy requirements of individuals in
weight-loss programmes or in clinical studies providing
food to weight-stable subjects.

RDA for energy are predicted in a 2-step process
in which the resting energy expenditure is calculated
first from age and body weight and then in the second
step, an empirically derived factor from PA is applied
(Goran & Poehlman, 1992; Goran et al., 1993).
However, measurements of total energy expenditure
obtained by using the accurate double labelled water
technique in healthy subjects are considerably higher
(about 10 %) than those anticipated on the basis of
the RDA (Black et al., 1996; Goran & Poehlman,
1992; Goran et al., 1993). The extent of
underestimation was significantly greater for subjects
with high total energy expenditure than for subjects
with low total energy expenditure (Vinken et al., 1999).
This underestimation did not apply to the resting
energy expenditure, suggesting that the multiplication
factor in the RDA to allow for PA is too low, especially
in physically active subjects.

Therefore, Vinken et al. (1999) developed three
regression equations verified for accuracy by using the
double labelled water data published by other research
groups. These equations are limited by BMI that should
be within the range of 18–31 kg/m2; they are suitable
only for healthy, non-obese adults aged 18–81 years.

The first equation predicts total energy expenditure
(TEE) (MJ/d) on the basis of age (years), body weight
(kg), height (cm) and sex (0 is for men and 1 for
women):
TEE1 = 7.377 – (0.073 × age) + (0.0806 × wt)
+ (0.0135 × ht) – (1.363 × sex).

In the above example, the total energy expenditure
would be about 2600 kcal. This value compared with
value based on the arbitrary threshold of NBEE
(0,1 MJ/kg/d) is more feasible and corresponds to the
total energy expenditure of middle age active women.

The second equation is more precise and uses the
accelerometer monitored PA (MJ/d), % of body fat
and resting energy expenditure (MJ/d) detected by
indirect calorimetric). The third model combines the
previous equations and includes independent variables
of equation (age, sex, height, and weight) and activity
monitor data:
TEE3 = 5.223 – (0.033 × age) + (0.040 × wt)
– (0.0093 × ht) – (1.684 × sex) + (0.76 × monitor
activity).

There were no significant differences between
measured total energy expenditure and predicted total
energy expenditure calculated by using the equations
1, 2, or 3 in any age and sex groups (Vinken et al.,
1999), whereas the RDA for energy were shown to
significantly underestimate usual energy needs. Thus,
the 3 equations may be useful in research studies
requiring estimations of individual energy requirements
as a starting point for other measurements.

GENETIC EFFECTS ON OBESITY

Obesity is influenced by genetic and environmental
factors. Epidemiological studies have shown that
development of obesity in individual is dependent on
the complex influence of genetic, life style and
environmental factors (Bouchard & Perusse, 1993;
Lissner & Heitmann, 1995). Human metabolism is the
result of genetic selection in the struggle for life and
survival. Neel in 1962 hypothesized only a fraction of
the population that survived the starvation and energy
deficits in the early ages disposing “thrifty genes”;
recently, this heritage is the reason for greater
disposition towards the development of obesity.

Twins and adoption studies have clearly shown that
measures of fat content are under strong genetic
control (Bouchard, 1994). The role of heredity is
important in the aetiology of obesity, especially in
people with sedentary life style (Bouchard & Tremblay,
1997). Individual abilities to increase the fat stores in
response to positive energy balance are also determined
by genetic factors that influence energy expenditure
and fat metabolism (Doporučené standardní postupy
při léčbě obezity, 1998). Genetic variations of some
genes are presumably conducive to the heterogenesis
of these abilities and thus to the predisposition for
obesity.

The important role of heredity has been proven in
many factors that influence the onset and development
of overweight and obesity: taste preference of fat and
sweets, resting energy expenditure, postprandial
thermogenesis, habitual PA, activity of lipoprotein-
and hormone-dependent lipase, types of muscle fibre
and utilisation of energy sources, oxidation capacity
for carbohydrates and fat, insulin sensitivity and setting
up of mechanisms regulating body weight in the
hypothalamus (“bodystat”).

Furthermore, even a part of lean subjects has
genetic predisposition to obesity which does not
become apparent due to their active life style
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(Hellstrom & Reynisdottir, 2000). However, only a mild
increase in energy intake can, in these subjects, disturb
the homeostatic mechanisms and lead to weight gain.

The influence of genetic factors on positive energy
balance is less significant than the influence on negative
balance; heredity bears strong influences on the
efficiency to reduce body weight and fat during dieting
(Hainer et al., 1997b). Therefore, to accuse an obese
person of lacking in discipline and in the absence of
will-power to reduce weight is incorrect, in principle.

It is broadly accepted that heredity influences also
the efficiency of a PA activity on body fat (Bouchard,
1994). However, the results of individual studies are
ambiguous. For example, a cross-section study with
data from twins reveals that in the subject with genetic
predisposition for obesity the influence of regular
exercise on decrease in fat mass is similar as in the
subject without the predisposition (Samaras et al.,
1999). On the other hand, in ethnic groups where
there is a higher prevalence of obesity, a relatively
higher PA is necessary to maintain normal fat content
than in groups with normal prevalence of obesity (Rush
et al., 1999).

Genes relating to obesity increase the risk of
development of obesity but they are not necessarily
present in all cases of established obesity. In humans,
they operate separately only exceptionally, more often
they are interactive and their influences are amplified
(polygenous effect). Genetic research of obesity often
successfully reveals its causes in experimental animals
(most often in rodents) where simple mutations of
single genes (monogenous type of obesity) occur. In
human obesity, the resulting phenotype depends on
interactions among many polymorphic and normal
genes, life style and the environment factors.

In humans, over 20 genes have been identified that
affect the development of obesity and distribution of
body fat. A land mark in the understanding of
pathogenesis of human obesity was identification of
the ob-gene (Zhang et al., 1994), whose product was
named as leptin. A certain role may also be played by
the dominant mutation of agouti gene in the
pathogenesis of obesity. This gene controls the general
expression in the agouti protein that has both lipogenic
and antilipolytic effects in the presence of insulin
(Huszar et al., 1997; Bray, 1996). Other groups of
genes influence biochemical functions (metabolism of
carbohydrates and fats, regulation of energy balance,
oxidation of substrates or production of steroid
hormones) and so determine the phenotype. For
example, the gene coding for the LDL-receptor (Zee
et al., 1995) and uncoupling proteins (UCP) (Oppert
et al., 1994; Bouchard et al., 1997; Chung et al., 1999),
or lipoprotein lipase (Jemaa et al., 1995) may have
biochemical effects and so influence the body size and
its composition (Pouliot et al., 1994).

It is known that adrenergic receptors play a very
important role in the regulation of energy balance and
lipolysis in adipocytes. For example, mutations and
polymorphism in the genes coding for the

�3-adrenergic receptor is associated with marked
increase in body weight in extreme obesity (Clément
et al., 1995). Therefore, it is possible that �3-adrenergic
receptor genes could be one of the determinants for
energy balance and may act as permitting factors in
promoting weight gain in susceptible individuals as
a result of other possible additive genetic,
environmental, and behavioural factors (Astrup et al.,
1999).

The French study (Meirhaege et al., 1999) revealed
very interesting interactions among polymorphism in
the coding sequence of the �2-adrenoceptor gene,
body weight and PA. It has been shown that men with
low level of PA and with the above mentioned gene
polymorphism compared with men without this gene
disposition who took regular PA, had higher body
weight, BMI, waist circumference, hip circumference,
and waist to hip ratio. In regular exercising men, the
influence of polymorphism of the �2-adrenoceptor
gene remains to be proved. In men taking no PA, the
risk of obesity associated with the genotype was several
times higher than in men who exercised regularly.
From these results, it implies that regular PA may
counterbalance the effect of genetic predisposition to
increases in body weight, body fat, and obesity. Obese
individuals with polymorphism in the �2-adrenoceptor
gene may significantly benefit from PA to reduce their
weight.

In spite of rapid advancements in genetics, it is not
currently known which of the examined genes would
play a key role in obesity. Recently, the research is
focused on the genetic and molecular bases of
interactions between a genetic predisposition and
influence of life style and environment. Although with
the progression in molecular genetics one can
anticipate significant information on the pathogenesis
of obesity, its practical exploitation seems improbable
in the coming period.

REGULATION OF ENERGY BALANCE

To seek reasons for overweight or obesity owing to
deficient PA alone or in extreme food intake is an
incorrect simplification. Despite the short-term
variability in energy intake, the body fuels stored in
the form of adipose tissue remains relatively constant
over time (Stallone & Stunkard, 1991). Changes in
body fat content induced by dieting, behaviour
modifications or experimental overfeeding induce
compensatory responses that gradually restore
adiposity to baseline values (Garner & Wooley, 1991).
These observations suggest the existence of
a homeostatic mechanism in brain whereby short-term
mismatches in energy balance are compensated for
over long intervals.

In 1995 Kaiyala et al. proposed that discrete
neuronal circuits (central effector pathways) exist
within the brain that, when activated, exert potent,
unidirectional effects on energy balance. Elevated
neuronal activity in anabolic pathways promotes a state
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of positive energy balance by stimulating the ingestion
and storage of energy, whereas stimulation of catabolic
pathways causes a net loss of energy from the body
(promotion of mobilisation of stored fat, reduction in
food intake, and increase in lipolysis and
thermogenesis). These central effector pathways
transduce afferent input from adiposity-related
hormonal signals into changes in feeding patterns and
energy balance. Changes in energy balance, that could
change fat stores, trigger retrograde compensatory
responses in the central effector pathways, thereby
maintaining energy homeostasis. The central nervous
system (CNS) response to afferent signals that control
the size of individual meals was proposed to adjust in
proportion to the changes in body adiposity, resulting
in the long-term stability of fat stores. Humoral signals
generated in proportion to body fat stores that act on
the brain to alter food intake and energy expenditure
are leptin, insulin, and glucocorticoids.

Next to the long-terms controllers of adiposity, the
short-term meal-related or environmental factors exist
that do not affect the level of adiposity. For example
cholecystokinin is one of the family of gastrointestinal
peptides that participate in the control of satiety;
cholecystokinin stimulates vagal afferents that
terminate in the brainstem and promotes satiety
(Greenberg & Smith, 1988). Likewise, neither glucose
utilization (Polonsky et al., 1988; Kahn et al., 1993)
nor plasma free fatty acids levels (Walls & Koopmans,
1989; Ritter & Taylor, 1989) play an important role in
long-term body weight regulation and may explain
only the short-term post-exercise suppression of food
intake. Lactate may also serve as a short-term satiety
factor during and immediately after exercise (Nagase
et al., 1996).

The contribution of other energy substrates such
as glycerol, amino acids and ketone bodies are probably
of minor importance for interactions between exercise
and food intake, although some of them suppress food
intake when injected systemically (Langhans, 1996).

The long-term signals not only influence signalling
by the central effector pathways to favour a particular
shift in energy balance, but they also modulate the
sensitivity of the brain to afferent inputs generated in
response to the short-term factors. Energy balance is
achieved and maintained over long intervals (e.g.,
weeks to months) via the activation of key brain systems
in response to a change in fat stores, triggered in part
by changes in signalling by leptin, insulin and
glucocorticoids (Woods et al., 1998).

Elevated neuronal activity in anabolic pathways
promotes a state of positive energy balance by
stimulating the ingestion and storage of energy
(increase the drive for food intake), although they
may also decrease energy expenditure or alter
peripheral metabolic environment to favour
assimilation and storage of ingested energy. In contrast,
catabolic effector systems promote the mobilisation of
stored fat and cause weight loss by reducing food
intake, increasing lipolysis and thermogenesis, or both.

Many neuropeptides and monoamines synthesized
and released along discrete neuronal pathways within
brain can modify energy homeostasis (endogenous
signaling molecules). The peripheral metabolic effects
of the substances are mediated by efferent autonomic
activity. Elevated activity of sympathetic nervous system
(SNS) promotes catabolic effects and a decreased SNS
outflow favours anabolic actions (Bray et al., 1990),
whereas the reverse applies to efferent activity of the
vagus (Bray et al., 1990, Scheurink & Steffens, 1990).

Neuropeptide Y (NPY) is a candidate of the
anabolic effector systems that is synthesized in
peripheral neurons of SNS as well as in the brain.
NPY plays an important role in the regulation of energy
homeostasis: decreases energy uptake, stimulates
feeding and causes hyperphagia, suppresses
thermogenic mechanisms and causes weight gain
(Morley et al., 1987; Stanley et al., 1987). Negative
energy imbalance associated with exercise or food
deprivation, increase production and release NPY
(Lewis et al., 1993) and this response may contribute
to hyperphagia and decrease in energy expenditure;
NPY also increases vagal activity and decreases SAS
activity. The results of these influences are reduction
in thermogenesis (Billington et al., 1991) and
enhancement of energy store (Kokot & Ficek, 1999).

In as much as NPY is produced in peripheral
neurons of SNS, PA enhances the ability to synthesize
NPY (Ahlborg & Lundberg, 1991; Levenson & Moore,
1998); plasma levels of NPY remain elevated for
a prolonged period after exercise (Ulman et al., 1997).

Next hypothalamic peptides of anabolic pathway
are the melanin-concentrating hormone (MCH) (Qu et
al. 1996) and orexins A and B (Sakurai et al., 1998)
which robustly stimulate food intake.

It is proposed that catabolic central effector
pathways transduce changes in leptin signalling in
CNS to changes in food intake and body weight
(Schwartz et al., 1997; Seeley et al., 1997); the
melanocortin signalling system in the brain is their
important component. Melanocortins are generated
by �-melanocyte-stimulating hormone (�-MSH) and
corticotropin-relasing hormone (CRH), that are
cleaved from the proopomelanocortin precursor.

In addition to its well-known role as a major
controller of hypothalamic-pituitary-adrenal axis
activity, CRH is well-suited to function as a catabolic
central effector molecule and promotes a state of
negative energy balance and weight loss. These include
suppression of food intake (Arase et al. 1989) coupled
with stimulation of SNS outflow (Arase et al., 1989;
Egawa et al., 1990) which increases lipolysis (Egawa
et al., 1990) and activates brown adipose tissue
thermogenesis (Rothwell, 1989).

Richard (1995) maintains that increase in the CRH
induced by moderately intense exercise intensifies the
effects of muscular activity in reducing energy stores
by decreasing energy intake and increasing
thermogenesis. However, exercise also contributes to
the stimulation of brain NPY neurons; activation of
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the NPY system tends to oppose the physiological
effects of CRH and therefore cancel out the effects of
exercise on energy loss.

One of the three long-term controllers of obesity is
leptin. Its identification (Zhang et al., 1994) has
verified that adipocytes secrete adiposity-related
negative feedback signals. Leptin after secretion into
the bloodstream circulates at concentrations
proportional to body fat mass (Maffei et al., 1995;
Sinha et al., 1996; Kolaczynski et al., 1996) or sizes of
adipocytes (Kohrt et al., 1996). Completing its anorexic
effects, leptin also increases energy expenditure and
normalises the reduced resting energy expenditure
(Pelleymounter et al. 1995); this effect may result
from SNS activation, because leptin increases the firing
rate of SNS nerves (Haynes et al., 1997).

Consistent with the hypothesis that changes in fat
mass are transmitted to the CNS by changes in leptin
concentrations, plasma leptin concentrations decrease
after weight loss and increase with weight gain (Maffei
et al., 1995). In addition to the level of fat stores,
leptin secretion is sensitive to changes in energy
balance. At negative energy balance, leptin
concentrations decrease more expressively than body
fat stores; on the contrary, leptin concentrations
increase more clearly and ahead of increases in body
fat at equal or positive energy balance (Rosenbaum et
al., 1997).

Insulin and glucocorticoids, that have a direct effect
on adipocyte leptin synthesis and secretion, may
participate in the control of leptin secretion as well
(Cusin et al., 1995; Mueller et al., 1998; Slieker et al.,
1996; De Vos et al., 1995). Insulin does not stimulate
leptin production acutely; however, a long-term effect
of insulin on leptin production has been demonstrated
(Kolaczynski et al., 1996). It is possible that insulin
regulates leptin production indirectly, probably through
its trophic effect on adipocytes.

Athletes trained in aerobics have reduced level of
plasma leptin because of reduced body fat. However,
the results of experiments monitoring relations between
exercise and leptin concentration are inconsistent.
Many authors have found that physical activity does
not influence plasma leptin (Christensen et al., 1998;
Dirlewanger et al., 1999; Kohrt et al., 1996; Pérusse et
al., 1997; Racette et al., 1997; Hickey et al., 1996). On
the contrary, the others suggest that several months
exercise reduces leptin concentrations (Duclos et al.,
1999) especially in individuals with higher initial level
of leptin (Gutin et al., 1999); the reduction of leptin
was dependent on decrease of body fat (Haluzík et al.,
1999; Okazaki et al., 1999), on the training quantity
(Pasman et al., 1999) or intensity (Landt et al., 1997).
Negative energy balance during acute exercise has
been shown to reduce leptin concentration, but only at
long-term exhausting exercise; this condition was
specified in marathon runners at 2800 kcal (Leal Cerro
et al., 1998).

It seems meaningful that for the evaluation of
influence of PA on plasma leptin concentration, we

must take into account the period in which leptin is
determined. If the leptin concentration remains
unchanged during and immediately after exercise, it
may decrease after several hours. For example
according to Torjman et al. (1999), maximal or
prolonged exercise does not appear to have an
influence on circulating serum leptin in the delayed
(4 hr) post exercise recovery period. However
according to Van Aggel Leijssen et al. (1999) exercise
decreases peak and average 24h plasma leptin
concentration; this effect is not acute, but manifests
within 24h. Essig et al. (2000) even found that single
exercise sessions of varying energy expenditure
decreased the plasma leptin concentration as late as
48 hours.

Thus, it seems plausible that an acute exercise in
subjects with low concentration of plasma leptin does
not affect leptin; it is reduced only in persons with
high plasma leptin concentration (Kalina et al., 2000)
or at PA related to an accentuated negative energy
balance. PA influences leptin more in women than in
men because of higher level of plasma leptin (Hickey
et al., 1996). Long-term PA brings about a concurrent
reduction in leptin and in the body fat, mostly by
virtue of combined influence of diet and regular
intensive exercise.

Another long-term controller of obesity is insulin.
It is known that plasma insulin concentrations vary in
proportion to body adiposity (Kahn et al., 1993).
Circulating insulin enters the CNS via a satiable
transport mechanism (Baura et al., 1993) and acts
here as a humoral feedback regulator of food intake
and energy balance (Sipols et al., 1995; Foster et al.,
1991).

Insulin’s effects in the CNS to promote a state of
negative energy balance are opposed by potent anabolic
effects in peripheral tissues. Insulin inhibits
hypothalamic expression of NPY (Schwartz et al., 1992)
and amplify the satiety effect of peripherally
administrated cholecystokinin (Riedy et al., 1995).
Elevated brain insulin concentrations may therefore
promote a state of negative energy balance both by
inhibiting anabolic effector pathways (e.g. NPY) and
by increasing sensitivity to peripheral satiety signals
such as cholecystokinin.

It is broadly known and accepted that insulin
decreases during exercise and after long-term physical
training increases insulin sensitivity and decreases
insulin resistance (Hirschberg et al., 1994).

Glucocorticoids, the last form of long-term
controllers of adiposity, increase food intake and
support a state of positive energy balance. Consistent
with this view, glucocorticoid deficiency causes anorexia
and weight loss; these effects are reversed by
glucocorticoid replacement. Thus, glucocorticoids have
actions in the CNS that oppose those of insulin and
leptin; glucocorticoids have opposite effects than in
the peripheral tissues where exert catabolic actions
and promote the loss of LBM.
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Changes in other plasma hormone levels may also
contribute to the short-term satiety effect of exercise.
It is known, that glucagon, increasing during exercise,
suppresses food intake (independent of its effects on
glucose homeostasis), especially in combination with
other satiety factors such as cholecystokinin and
serotonin (Geary, 1990). Noradrenalin suppresses
energy intake indirectly because it increases lipolysis,
brown adipose tissue thermogenesis and glycogenolysis
in the liver (Scheurink et al., 1999).

Interactions of leptin, insulin, and glucocorticoids
at the level of central effector pathways play an
important role in energy homeostasis. Glucocorticoids
in the brain inhibit hypothalamic CRH expression,
which may contribute to the effect of glucocorticoid
excess to promote hyperphagia and weight gain (Bray
et al., 1990). Regulation of hypothalamic production
and release of CRH may, therefore, be an important
site at which glucocorticoids and leptin interact in the
control of energy balance (Zakrzewska et al., 1997).
Since plasma cortisol increases, insulin decreases, and
leptin does not change or decrease during exercise, it
is apparent that anabolic effector pathways are
mobilised and increases the drive for food intake.

The activity of the autonomic nervous system (ANS)
is regulated by many of the brain regions that are also
involved in the control of food intake. Moreover, the
effects of brain peptides and monoamines on energy
expenditure and metabolism in peripheral tissue are
likely to be mediated via changes in ANS activity
(Bray et al., 1990). Therefore, the ANS seems to be
the key efferent mechanism by which central effector
pathways are able to influence energy expenditure
and metabolism. For example, activation of the SNS,
which promotes energy dissipation and weight loss,
can be stimulated by CRH and inhibited by NPY.
Regulation of SNS outflow, therefore, may help to
mediate the effect of these peptides on energy
homeostasis.

Activity of the SNS increases in response to feeding
(Bray et al., 1990; Scheurink & Steffens, 1990) and
contributes to the postprandial thermogenesis (5–10 %
of daily energy expenditure). This thermic effect of
food increases proportionally via an SNS-dependent
mechanism and thereby limits weight gain. Conversely,
fasting reduces SNS activation of brown adipose tissue
and decrease energy expenditure. Therefore, increased
SNS activity during states of positive energy balance
contributes to the compensatory elevation of energy
expenditure that limits excess fat storage. Reduced
ASNS tone is, on the contrary, a component of the
adaptive response to starvation. Thus, changes in SNS
activity involve changes in central effector pathway
activity in response to changing input from adiposity-
related hormones.

Many experimental models of obesity are
accompanied by an impaired SNS response to food
intake (Bray et al., 1990). This impairment of
sympathetically mediated thermogenesis results in

diversion of the ingested energy to fat stores and is
therefore a major factor in the pathogenesis of obesity.

An alternative hypothesis, however, is that defective
SNS function contributes to obesity only when it is the
consequence of disordered regulation of central
effector system activity (Schwartz et al., 1997).
According to this proposal, a defect in thermogenesis
resulting from impaired SNS activation does not, by
itself or otherwise, causes obesity. This is because the
ability of increased energy efficiency to promote weight
gain is limited by increased negative feedback signalling
to the central effector pathways that accompanies
weight gain (stimulation of catabolic effector
pathways). Thus, although reduced energy expenditure
may favour a positive state of energy balance and
promote weight gain, this effect is limited by increased
CNC signalling mediated by leptin and insulin. The
predicted outcome of an isolated reduction of energy
expenditure is the development of a new steady state
of energy balance after an initial expansion of adipose
mass. The degree to which weight gain occurs,
according to this hypothesis, depends on the degree to
which energy efficiency is increased on the one hand,
and on the robustness with which the CNC responds
to increased negative feedback signalling on the other
hand. This model is supported by the observation that
mice with impaired SNS activity do not develop obesity,
despite unambiguous defects in thermogenesis
(Thomas & Palmiter, 1997). Therefore, it seems better
to favour the hypothesis that reduced energy
expenditure may lead to weight gain, but is unlikely to
cause obesity in the absence of a defect in the CNS
control of energy homeostasis (Schwartz et al., 1999).

CONCLUSION

Prevalence of overweight and obesity is on the rise
in most of the developed countries due to sedentary
life style. Many other diseases are associated with
obesity (primarily coronary artery disease and diabetes
mellitus II. type) and so a relevant requirement is to
enforce effective preventive and therapeutic
interventions that would be able to maintain energy
balance. Recently, several methods are able to estimate
total energy expenditure and PAEE and so assist in
the regulation of energy intake.

However, obesity is not only as a result of positive
energy balance but rather the response of the body to
an energy imbalance. Obesity is instead understood as
a multifactorial metabolic disease that, by virtue of
heredity, offers a predisposition to the accumulation
of fat stores at positive energy balance (Hainer et al.,
1997a). Therefore, when faced with poor results of
treatment of obesity, the general trend to solely accuse
obese subjects of lacking in discipline or absence of
will-power is incorrect.

Long-term adiposity-related signals such as leptin,
insulin and corticoids influence the neuronal activity
of central effector pathways that serve as controllers
of energy balance. Because these hormones circulate
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at concentrations that are proportionate to the fat
mass and energy balance, changes in body fat stores
sufficient to alter the delivery of these hormones to
the brain induces central effector pathway responses
that promote the return of adiposity to its original
value. Superimposed on this long-acting control system
are short-term situational and meal-related signals
that arise from many sources, including the
gastrointestinal tract, the environment, and higher
centres in the brain. Although these inputs can exert
potent effects on meal initiation, meal size, and meal
frequency, their effect on body fat content is limited
by compensatory changes in the level of adiposity
signals. Through this mechanism, body fuels stored in
the form of adipose tissue tends to remain constant
despite short-term mismatches in energy balance.

Physiological regulations counteracting significant
variance in body weight at short-term disturbance of
energy balance are less efficient in individuals who are
inclined to obesity, both in terms of energy intake and
utilisation of energy substrates. Mechanisms that
safeguard the body from rather the loss of body weight
during energy deficit than from an increase in the
body weight during energy excess act well in subjects
inclined to obesity (pre-setting of more activity in
anabolic effector pathways?).

Regular PA together with optimal energy intake
forms the basis of a healthy life style that contributes
in a significant reduction in the prevalence of obesity.
A genetic predisposition in majority of the population
to overweight or obesity emphasises the need for
changes in the life style concurrent with reduction in
dietary fat and energy. These interventions have
preventive and therapeutic characteristics and can
avert the risk of impending overweight and obesity.
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OBEZITA, ENERGETICKÁ BILANCE
A JEJÍ REGULACE

(Souhrn anglického textu)

V přehledné práci jsou citovány studie, které se
zabývaly nadváhou a obezitou z hlediska energetické
bilance a její regulace. Ukazuje se, že pohybová aktivi-
ta sehrává klíčovou roli při prevenci i terapii obezity,
a je proto nezbytnou součástí zdravého životního sty-
lu. V současné době však neexistuje úplný konsensus,
týkající se optimálních dávek pohybové aktivity.
K těmto neshodám může přispívat mimo jiné i velká
variabilita většinou geneticky podmíněných dispozic,
které modulují změny energetické bilance. Pochopení
těchto individuálních rozdílů je nezbytné pro správ-
nou preskripci programu pohybové aktivity a pozitivní
úpravu životního stylu.

Klíčová slova: Nadváha a obezita, energetická rovnováha,
energetický příjem, energetický výdej, pohybová aktivita,
hereditární faktory obezity, centrální efektorové cesty,
autonomní nervový systém.
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Leptin is a protein produced by matured, full fat cells, which considerably influence the energy metabolism of
the body cells, and has probably one of the decisive functions in reduction of body weight. The leptin concentration
in serum can be considered as an indicator of the amount of fatty tissue in the cells. Although a clear relationship
between energy intake and plasma leptin concentrations has been demonstrated in humans, little is known about
the effect of exercise on leptin metabolism.

The purpose of this study was to assess the effect of acute exercise (30 min of 60 % intensity cycle ergometer
exercise) on plasma leptin levels. Research was also focused on assessing the relationships among leptin concentrations
and indices of obesity and their effect on the cardiovascular system.

Plasma leptin concentrations were significantly lower after exercise than before and varied from the values
obtained during resting conditions. The recorded and statistically processed values of serum leptin, BMI, body fat
(%), WHR and cardiovascular efficiency (indices of CHR-test) were used for calculation of mutual relations to
these parameters. Leptin correlated positively to the amount of body fat and body mass index and negatively to the
indicators of cardiovascular system efficiency. It is concluded, that exercise training can reduce the plasma leptin
levels.

Keywords: leptin, obesity, exercise, cardiovascular system.

INTRODUCTION

With the isolation of the obesity gene (Ob gene) in
1994, there was renewed interest in body weight
regulation and pathophysiology of obesity. The human
Ob gene is located on the 7th chromosome and its
product – protein made up of 167 amino acids – was
named leptin, from the Greek word “leptos” = thin
(Hrnčiar, 1997).

Leptin is produced by the mature, full fat cells and
works as a signal informing the hypothalamic centres
about the fatty-tissue quantity in the body (Hrnčiar,
1997; Lönnqvist et al., 1997). The leptin concentration
in serum can be considered as a marker of fatty-tissue
quantity in the body (Haluzík et al., 1998; Stejskal et
al., 1998). Its synthesis has been proven in brown and
white fat (Drbalová et al., 1998).

The function of leptin is mainly body weight
regulation. It achieves this by appetite reduction and
intense energy disposal by the body. The ingestion
centre is inhibited, satiety is reached and the
sympathetic system is stimulated (Saladin, 1995). High
serum leptin induces a receptor – or postreceptor
resistance to this neurotransmitter which leads to
reduction in energy expenditure and a concurrent

increase in appetite, followed by obesity (Hrnčiar,
1997; Stejskal et al., 1997).

The experimental studies proved the significant
influence of leptin on the haematological, immune,
reproductive and the endocrine system and on the
general progress and maturation of the individual
(Haluzík et al., 1998; Drbalová et al., 1998; Hrnčiar,
1997; Ryan et al., 1996; Stejskal et al., 1997; 1998).
Recent studies are often concerned with several factors
affecting leptin metabolism. The results of rats studies
suggest that synthesis of leptin mRNA is augmented
by corticosteroids, food intake and insulin infusion.
The synthesis of leptin mRNA is decreased by fasting
(Koistinen et al., 1998). The serum leptin concentration
is also decreased perhaps by exercise. There are not
many studies focused on the effect of exercise on
leptin levels in humans. According to Hickey et al.
(1997) regular aerobic exercise over several months
decreased leptin levels only in women. This effect is
often related to reduced body fat (Pérusse et al., 1997).
Other sources suggest that endurance training
decreased leptin levels independent of changes in body
fat percentage (Hickey et al., 1997; Pasman et al.,
1998). Maffei et al. (1995) refer to the proportion
between initial leptin levels and quantity of leptin
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reduction: the higher the initial leptin level, the bigger
the weight reduction during therapy.

The aim of our study was to consider the effects of
acute exercise on plasma leptin levels in middle-aged
overweight or obese female.

METHODS

Thirty-one sedentary middle-aged women of age
between 40 and 60 years were tested in the Laboratory
of Function Physiology. All subjects were overweight
or obese but otherwise healthy. The subjects were
fasting and the examinations were carried out between
8 and 10 a.m. under standard conditions of the exercise
laboratory.

The study comprised basic anthropological
examination (weight, height, BMI, WHR, body fat %
calculated from 10 skinfold) and the venous blood
collection for serum leptin analysis (sandwich ELISA
method with an accuracy of 0,1 ng/ml).

A blood sample was taken from antecubital vein,
initially at rest 30 minutes before exercise. A second
sample was taken immediately before exercise and
a third sample was taken immediately after the exercise.

The postexercise leptin levels were corrected to
reduced plasma volume that was assessed from the
value of hematocrit (Beaumont et al., 1972) measured
before and after the exercise.

For calculation of changes in plasma volume, the
following equation was used (Beaumont et al., 1972):
% � PV = 100/100 – Hctpre × 100 (Hctpre – Hctpost)
/Hctpost

� PV plasma volume changes after the exercise
Hctpre hematocrit before the exercise
Hctpost hematocrit after the exercise

The subjects were tested for 30 minutes on the on
the bicycle ergometer (Stejskal et al., 1993) at 60 % of
maximum heart rate reserve (MHRR).

Cardiovascular system efficiency was assessed by
virtue of results of the CHR-test (Stejskal et al., 1994).
For determination of the efficiency of cardiovascular
system, the following indices were used: comprehensive
index of physical fitness (CI), efficiency of
cardiovascular system during long term exercise
(WKGCC) and quotient of stability (KS).

Using the computer programme Statgraphics
version 5.0 processed the measured and calculated
values.

RESULTS

The examined cohort consisted of 31 women of
age between 40 and 60 years, with the BMI between
25,2 kg/m2 and 39,4 kg/m2 and body fat between 26,1 %
and 37,2 %. The efficiency of cardiovascular system
was lower in comparison to the candidates of similar
age. The average values of serum leptin was 16,54 ng/ml
(minimum 7,55 ng/ml, maximum 23,54 ng/ml) (Tab. 1).

We have found no significant differences in the
plasma leptin between first and second measurement
under rest conditions. Both these values and their
mean value was significantly higher than leptin
concentration after 30 minutes of cycling exercise.
After the measured values were corrected to the
reduced plasma volume, the differences between rest
and post exercise leptin levels were even higher. (Leptin
decrease was between 6,9 % and 9,9 % within
correction of plasma volume and after correction was
from 15,1 % to 17,9 %).

Serum leptin significantly correlated with the
markers of obesity (body fat, BMI). Relations between
Waist to Hip Ratio (WHR) and leptin levels were not
statistically significant. Leptin positively correlated with
comprehensive index of physical fitness (CI).
Relationship between the other indicators of
cardiovascular system efficiency and leptin levels was
not significant.

DISCUSSION

The results of this study suggest that 30 minutes of
ergometer cycling at 60 % exercise intensity can effect
leptin production in fat tissue and hence implies that
increase in exercise activity can positively change leptin
metabolism. The significant decrease in leptin levels
after an acute bout of exercise has already been
described by several authors (Duclos et al., 1999,
Koistinen, 1998; Leal-Cerro et al., 1998). On the other
hand, there are a few studies, which refute this claim
(Hickey et al., 1996; Pérusse et al., 1997; Racette et al.,
1997). By virtue of this experimental analysis we found
that small leptin dynamics induced by exercise would
be influenced by several factors, for example too short
an exercise period (maximal exercise testing – Pérusse
et al., 1997), low exercise intensity (50 % MHRR
– Racette et al., 1997) or non-corrected leptin values
after the exercise (Hickey et al., 1996). Other significant
factors could be the low starting leptin levels at rest in
the given subjects. This presumption supports
significantly the positive relationship between resting
leptin levels and the differences in leptin values before
and after exercise (r = 0,51; p < 0,01). This relationship
suggests that the higher initial value of leptin
concentration could be a significant factor that
influences positively the amount of leptin reduction
after exercise. The higher leptin levels found in our
study are dependent not only on the selection of
overweight or obese subjects but also on the gender.
Women have 2–3× higher resting leptin levels than
men (Stejskal et al., 1999).

The mechanism of leptin reduction after an acute
exercise is attached to the impact of catecholamines
that can reduce the expression of leptin in fat cells and
to lipolysis affecting arising from increased amount of
free fatty acids and glycerol (Haluzík et al., 1998;
Kosaki et al., 1996; Zachwieja et al., 1997). The negative
energy balance induced by severe exercise should have
a significant effect on leptin reduction (Land et al.,
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1997; Leal-Cerro et al., 1998). Morning exercise also
augments the diurnal fall in plasma leptin
concentration and low leptin level therein could be
a signal indicating depleted energy sources (Koistinen
et al., 1998).

The simplest explanation of the reduction of plasma
leptin level after exercise could accept the relation
between sympathetic nervous system activity and leptin.
Because �-adrenergic stimulation decreases leptin
expression in vivo and leptin directly stimulates SNS
(Drbalová et al., 1998; Schwartz et al., 1996), it is
possible that sympathetic outflow decreases leptin
secretion and leptin in turn acts centrally by stimulating
sympathetic outflow. Thus the existence of a feed back
could be indicate regulatory loop between adipose
tissue and brain.

The present study found significant negative
correlation between comprehensive index of physical
fitness (CI) and leptin levels; also significant was the
negative relationship between CI and the amount of
body fat (r = –0,61; p < 0,001). Therefore we suppose
that the relationship between efficiency of
cardiovascular system and leptin levels is related to
the amount of body fat in organism. We can conclude
that this study partially confirmed our expected belief
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that in individuals with higher body fat (thus with
higher leptin level) the cardiovascular system efficiency
was reduced.

Serum leptin can be regarded as a very significant
indicator of the quantity of body fat. Many studies
show that the leptin level decrease surpasses
considerably the drop in BMI. It was even described
that the leptin level decrease is accompanied by
a lowered reduction in body fat while BMI values
remain unchanged (Hickey et al., 1996, Stejskal et al.,
1998). That is the reason why monitoring of leptin
levels could be a more correct indicator of body fat
reserve than the mentioned anthropological indices
and a more correct indicator of the efficiency of exercise
on fat metabolism.

CONCLUSION

In our study, we found significant decrease in
circulating leptin levels after 30 minutes of cycling on
stationary ergometer at 60 % intensity in overweight
and obese women. According to the approved
relationship between plasma leptin levels and body fat
amount, the result of our experiment could be
understood as another direct evidence of the fact that
exercise is beneficial for health.

TABLE 1
Average, standard deviation, minimum and maximum values of indices of cardiovascular efficiency, BMI, % of
body fat and plasma leptin levels

CI – comprehensive index of cardiovascular efficiency, WKGCC – efficiency of cardiovascular system during long term exercise, KS – quotient
of stability, BMI – Body Mass Index, WHR – Waist to Hip Ratio, significance ***p < 0.001, **p < 0.01, *p < 0.05

TABLE 2
Average and standard deviation of serum leptin concentrations (ng/ml) before exercise and after exercise before
and after correction to reduced plasma volume

* Significance of difference between leptin levels before 1, 2, 12 and after exercise = p < 0,001
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TABLE 3
Correlations between the serum leptin values and anthropological indices of obesity

BMI – Body Mass Index, WHR – Waist to Hip Ratio, significance ***p < 0.001, **p < 0.01, *p < 0.05

TABLE 4
Correlations between the serum leptin values and indices of cardiovascular system efficiency

CI – comprehensive index of cardiovascular efficiency, WKGCC – efficiency of cardiovascular system during long term exercise, KS – quotient
of stability, BMI – Body Mass Index, WHR – Waist to Hip Ratio, significance ***p < 0.001, **p < 0.01, *p < 0.05
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LEPTIN A TĚLESNÉ ZATÍŽENÍ
U ŽEN S NADVÁHOU A OBEZITOU

(Souhrn anglického textu)

Leptin je bílkovina produkovaná zralými tukovými
buňkami, která ovlivňuje zásadním způsobem energe-
tický metabolismus organismu a má pravděpodobně
jednu z rozhodujících funkcí v redukci tělesné hmot-
nosti. Koncentraci leptinu v séru lze považovat za
ukazatel množství tukové tkáně v organismu. Ačkoliv
byl prokázán jasný vztah mezi leptinem a energetic-
kým výdejem, málo je známo o vlivu cvičení na lepti-
nový metabolismus.

Cílem studie bylo zjistit vliv jednorázového
tělesného zatížení (30 min., 60% intenzita zatížení na
bicyklovém ergometru) na hladinu leptinu v krevní
plazmě u osob s nadváhou a obezitou. Byl vyšetřen
soubor 31 žen ve věku od 40 do 60 let. Práce byla také
zaměřena na zjištění vztahu mezi koncentrací
plazmatického leptinu a ukazateli obezity a její vliv na
výkonnost kardiovaskulárního systému.

Plazmatické koncentrace leptinu byly signifikantně
nižší po cvičení než před cvičením a lišily se od hodnot
získaných za klidových podmínek. Z naměřených
a statisticky zpracovaných hodnot plazmatického lep-
tinu, BMI, množství tělesného tuku, WHR a kardio-
vaskulární výkonnosti (ukazatelé CHR testu) byly
vypočítány vzájemné souvislosti těchto parametrů
a leptinémie. Leptin koreloval pozitivně s množstvím
tělesného tuku, s BMI a s ukazateli výkonnosti kardio-
vaskulárního systému.

Výsledky studie naznačují, že hladiny plazma-
tického leptinu mohou být ovlivněny jednorázovým
tělesným zatížením. Mechanismus snižující hladiny lep-
tinu není doposud přesně znám. Vzhledem k prokáza-
nému vztahu mezi hladinou plazmatického leptinu
a množstvím tělesného tuku je možno považovat tento
výsledek našeho experimentu za další přímý důkaz
prospěšnosti cvičení pro zdraví.

Klíčová slova: leptin, obezita, fyzická zátěž, kardio-
vaskulární systém.
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In current study we have tried to examine the usefulness and effectiveness of seven weeks long individual training
programme. The programme was designed to develop pupils’ endurance during sports education process at school.
Research was based on a sample compound of 285 fifth grade school boys from 17 different primary schools in
Republic of Slovenia. Received data were processed on Faculty of Sport with SPSS 9.0 for Windows (descriptive
statistics, and analysis of covariance). The results of final testing showed that schoolboys from experimental group
in comparison to boys from control group had achieved statistically significant progress in 600 m run and in
adjusted version of a step test. The results in running test and step test are the two variables that we have hoped to
influence with our experimental endurance-training programme.

Keywords: sports education, heart rate, 600 m running test, adjusted step test.

INTRODUCTION

Demands of life in a modern world, quick
development of technology and concentration on
material values turn us away from healthy way of
living. Overloading with stress and negative influence
of civilisation reduce motor capabilities and cause
serious health problems among children and adults.
Psychosomatic illnesses, dysfunction of heart and
cardio-vascular system, (among others: high blood
pressure and increased level of cholesterol), problems
with spine are only few out of many civilisation illnesses
due to the passive way of living.

Results of movement deficiency do not reflect only
in deterioration of health condition but also in negative
trends of children’s morphological and motor
development (Strel & Štihec, 1993). All generations
of young people have been carrying the effects of their
passive life-style into the adulthood. It was established
that between the years 1970 and 1983 motor efficiency
of children decreased by 5.8 % and the repetitive
power of shoulder girdle and aerobic endurance by as
much as 21.1 % (Novak et al., 1991).

Period of growing up is of crucial importance for
formation of the image of an adult. Therefore the aim
of sports education during the time of schooling should
be to present the sport to the pupils as a value, which
could be a significant part of every day’s living also in
later periods of life. Learning in crowded classrooms,
too many children in too narrow corridors and small
gym-rooms exert negative influence on organisation
of work that can affect the quantity and quality of
movement (Strel & Štihec, 1993).

Many authors report that various training
programmes with suitable contents may improve
chosen motor capabilities of an individual or a group
(Klojčnik, 1977; Vauhnik, 1984; Zahnd, 1986;
Gregorcic & Sušnik, 1986; Štihec, 1991; Eckerstrfer,
1995; Muszkieta, 1995; Zatko, 1995; Janowska
& Sleboda, 1995; Janowska, 1995). On the base of
expert knowledge from different fields of sports and
considering former analysis it is possible to a certain
extend to create concrete training programmes adapted
for children (Beunen et al., 1988). While planning
sports contents (Praček, 1983) it is important to bare
in mind that sports education should not be consider
neither by teacher nor student as some kind of “drill”,
but as an educational process (Rogelj, 1995; Gyoeri
& Namessuri, 1995; Eckerstorfer, 1995).

It is understandable that some experimental
programmes would lead to suitable improvement of
the individual (Zahnd, 1986; Gregorič & Sušnik, 1986;
Eckerstrofer, 1995; Zatko, 1995). If we go one step
further in accordance to demand of individualisation
we should consider planning an individual training
programme for almost every single pupil. Above
approach to sports education however would not slow
down teachers’ work, but on the contrary, it may
stimulate and accelerate the progress (Janowska, 1995;
Janowska & Sleboda, 1995). On the base of suitable
training contents it is possible to divide children with
regard to their motor capabilities into quite
homogenous groups that can exercise according to
earlier planned and adapted programmes (Beunen et
al., 1988). This kind of training programmes have to
be properly wide and flexible, that would enable the
sports teacher to choose specific contents adjusted to
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the needs of each individual. Children are different;
different is also tempo of their development. We should
set for them achievable goals, chose the activities,
where they could be successful and underline the
importance of their own progress.

Some foreign and Slovenian theorists (Kelly, 1989;
Kramar, 1993) state that valuable changes in education
can be achieved within the school process by continuous
updating of educational programmes, combining the
contents of different subjects, individual approach,
proper education of professional staff and by improving
material and organisational conditions. Contemporary
vision of sport education at school requires definition
of two equivalent educational aims: exertion of positive
influence on congruent bio-psycho-social development
of young people and upbringing for healthy and
creative life during all life periods (Kristan, 1992).
This developmental strategy (Kelly, 1989; Cankar et
al., 1994) comprehends the sports education as
continuous stimulation of individual’s personality and
the process of development of his potentials. Fast
progress of science and technology, changing image of
contemporary school and sport education, together
with outstanding changes in childrens’ and youths’
body measures, accelerated growth and influence of
these factors over morphological image, motor
potentials and personal development of an individual
– all these factors call for improvement of teaching
programmes (Štihec, 1991; Watanabe et al., 1994;
Pernar & Završnik, 1996; Strel et al., 1996; Raundsepp
& Jurimae, 1996).

SUBJECT OF THE STUDY

Subject of our study was an individual training
programme specially constructed to influence selected
endurance potentials of 11-year old boys: endurance
in submaximal continuous effort – 600 m run (Strel et
al., 1996) and adaptation of cardio-vascular system to
an effort during adjusted step test (Bravničar, 1991;
Wilmore & Costill, 1994; Karpljuk, 1999).

Endurance is this human ability in which to the
great extent dominate aerobic energetic processes.
Human body with all its internal processes is set in the
way that it necessarily requires oxygen from the
atmosphere. Speaking of endurance we cannot omit
anaerobic abilities (De Vris, 1976; Fox, 1981; Astrand,
1986; Noakes, 1991; Konc, 1991; Wilmore & Costill,
1994; Newsholme, 1994; Ušaj, 1996). These are strongly
interconnected abilities of human’s organism. Not only
in sports but also in every day’s life we constantly meet
both of them. Every work we want to perform at low
intensity and for longer time – engages these energetic
processes that are involved in endurance and depend
on oxygen uptake.

Term of endurance refers to ability of effectively
continuing the activity without decrease of efficiency.
Because it provides suitable level of physiological
processes in the organism and plays an important role
in keeping satisfactory health condition of the

individual (Karpljuk, 1994), the endurance is an
important component of physical fitness. In the field
of sport only few branches exist where endurance does
not play the main role e.g. sports where explosive
power and speed are dominating. Everywhere else it is
a major factor in training and preparation programmes.
Endurance can also be comprehended as a term that
explains two different, although interconnected,
concepts: muscle endurance and cardio-respiratory
endurance (Wilmore & Costill, 1994), cardio-vascular
endurance (Bravničar, 1991). The later is the least
known and explained component in whole exercise or
training process. During the training we can observe
changes in cardio-vascular system, which are a result
of reaction of the body (adaptation processes) to the
training process or the effort respectively. The biggest
changes can be noticed in the heart size, stroke volume,
heart rate value, blood circulation, blood pressure,
blood volume and coronary circulation (Wilmore
& Costill, 1994).

Factors of motor efficiency in children

Response of child’s organism to specific levels of training
intensity

Last decades popularity of children sports has been
growing (Wilmore & Costill, 1994). Increasing interest
for children competitions and, allied with that, need of
improved training process brought forth a problem of
negative physiological and psychological side effects
of intensive training (Albinson & Andrew, 1976; Berg
& Eriksson, 1980). Here we should mention the doubt
weather children should be allowed to compete in
such sports as long distance running and weight lifting
(Wilmore & Costill, 1994).

Finding the answers demands the approach from
many different points of view. We have to consider the
kind of sport and a nature of competitive sport itself,
the rules of the competition and required effort.
Simultaneously we have to bare in mind children’s
growth and development that are of crucial importance
for effective performance of sports and for effective
realisation of competition’s demands. Growth,
development and maturation of the organism are
expressions that label the steps on the way towards
adulthood (Wilmore & Costill, 1994). Growth denotes
enlarging of the whole body and of its separate parts;
development represents functional changes of the
organism; maturation is a process of reaching the
complete functional congruity (Berk & Eriksson, 1980).

While planning sports education process in the
period of children’s growth and development we have
to take into account following factors: motor abilities,
power abilities, efficiency of respiratory and cardio-
vascular systems, aerobic abilities, running efficiency
(Wilmore & Costill, 1994). In our study we are
particularly interested in cardio-vascular system,
aerobic abilities and running efficiency.
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Cardio-vascular system

Efficiency of cardio-vascular system increases with
various changes that child’s body goes through during
the development. We will concentrate mostly on
response of child’s organism to submaximal and
maximal effort.

Response of child’s cardio-vascular system to submaximal
effort

Children’s blood pressure in the state of rest and in
submaximal effort is lower than among adults. It
increases with age and at the end of adolescence
reaches values distinctive for adults. Blood pressure
stays in the strong connection with the body size.
Bigger people generally have higher blood pressure
(Bar-Or, 1989). Blood circulation in active muscular
system in children can be stronger than in adults due
to their lower periphery pressure (Bar-Or, 1989).
Smaller heart and smaller blood volume in case of
children is responsible for lower stroke volume. During
submaximal effort the heart rate value among children
is higher than in adults compensating the lower stroke
volume. The compensation however is not sufficient
because in certain circumstances heart’s efficiency in
spite of higher heart rate value is lower than expected
(Wilmore & Costill, 1994).

Response of child’s cardio-vascular system to maximal
effort

The maximal heart rate value decreases with age.
Children about 10 years old (Rownald, 1985; Wilmore
& Costill, 1994) have maximal heart rate value of
approximately 210 beats/min, 20-year-olds – of
approximately 195 beats/min (Wilmore & Costill,
1994). We have to bare in mind that aforementioned
values are the result of researches based on usually big
samples of subjects (Karpljuk, 1999). Therefore if we
want to establish values for a chosen person, the
individual approach is recommended.

Similarly to submaximal effort also during maximal
effort children’s smaller heart and smaller blood
volume disable achieving the biggest stroke volume
(Rownald, 1991; Wilmore & Costill, 1994), which
cannot be compensated even by the highest heart rate
value. In maximal effort during cycling (100 W on the
bicycle-ergometre) the difference between children
and adults can be noticed particularly in maximal
oxygen uptake, which is higher in adults. However no
noticeable differences can be found in maximal oxygen
uptake in running (Rownald, 1985; Wilmore & Costill,
1994).

Aerobic abilities

The function of respiratory and cardio-vascular
systems is to respond and suitably adapt to the outside
changes, e.g. changes of training conditions such as

low, moderate or high level of effort’s intensity
(Rownald, 1991; Wilmore & Costill, 1994). Increase
of respiratory and cardio-vascular systems’ efficiency
is related to enhancement of aerobic capacities and
oxygen uptake (Wilmore & Costill, 1994). Already
decades ago Robinson (after Wilmore & Costill, 1994)
has demonstrated this phenomena on cross-section of
the sample of male subjects aged 6 to 91. Author has
established that the maximal oxygen uptake increases
linearly with age and reaches its maximum between
the age of 17 and 21. This finding has been confirmed
by other researchers (Wilmore & Costill, 1994). Also
the studies over girls and women have brought some
interesting results. They have revealed the decrease of
oxygen uptake already between age 12 and 15, which
might be connected with women’s lifestyle and
possibility of early occurrence of passive way of living
– particularly sports-passive.

An interesting problem is to what extend children’s
aerobic capabilities are connected with their growth
(Wilmore & Costill, 1994). During constant effort
children reach lower values of maximal oxygen uptake
as well as lower aerobic efficiency. However, as was
mentioned before, in case of physical activity where
body mass can be a barrier, children achieve similar
relative values of oxygen uptake as adults.

Running efficiency

Maintenance of running efficiency and its
parameters depends on economisation of movement
activity at certain level of effort (Wilmore & Costill,
1994). Daniels et al., (1978) reports that on the
treadmill at fixed speed children achieve higher
submaximal oxygen uptake in proportion to body mass
than the adults. Together with children’s growth and
development we can observe the increase of legs’ length
and muscle power as well as improvement of the
running technique. It is a source of running efficiency
enhancement independently of how much children
train and in spite of no increase in maximal oxygen
uptake (Daniels et al., 1978; Krahenbuhl et al., 1993;
Wilmore & Costill, 1994). Rownald (1985, 1989)
assumed that children’s growth and development at
least partially influence the enhancement of running
efficiency that still improves with maturation.

Rownald (1989) quoted several factors that are of
crucial importance for running efficiency and that
were obtained as a result of studies over children and
youth aged 8 to 20. They are: frequency of the steps,
body shape, flexibility potential of muscles and tendons,
proportion of body surface to body mass, changes in
body structure, thermal response of the body to
a training, anaerobic capabilities, respiratory efficiency.

PROBLEM

If we assume that experimental programme induces
the enhancement in general endurance and in
adaptation of cardio-vascular system to an effort
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(Bravničar, 1991; Wilmore & Costill, 1994; Karpljuk,
1999) the question arises about the sources of observed
improvement. Is the progress a result of acquiring
certain knowledge, particularly about tactical and
technical methods of running together with capability
of running rationalisation? Or is the source of changes
in physiological processes such as increase of maximal
oxygen uptake, and adaptation of cardio-vascular
system to an effort? Or may the main reason be
a change in the structure of values, motivation or
attitudes systems? Undoubtedly all those factors and
many others have their contribution to the
enhancement.

Considering the above facts we have defined two
main questions:
– If, during the final measurement after seven-week-

long training, the organisms of pupils from
experimental group would, at same level of effort,
work more economically than in pupils from control
group.

– If the pupils from experimental group in
comparison to control group would achieve better
results in 600 m run and lower heart rate values in
adjusted step test.

AIMS

The general aim of the research was to examine
the practical value and effectiveness of seven-weeks-
long individual endurance training programme
introduced on physical education classes at school.
Consequently more specific research objectives were
defined:
– Assessment of the differences between

experimental and control group in final
measurement on the level of selected motor ability
– 600 m run (MT600).

– Assessment of the differences between
experimental and control group in final
measurement of the heart rate values during
adjusted step test (STMIR, STNAP, STPON).

METHODS

There were 17 primary schools chosen from all
over the Republic of Slovenia included in the research.
They were divided by lottery into experimental
(9 schools) and control (8 schools) groups, by which
the rule of randomisation was satisfied (Sagadin, 1992;
Goodwin, 1995). Schools were chosen in accordance
to the following criteria: all schools should be of sports
profile, have suitable human and material resources,
be suitably equipped as well in gym-rooms as on the
playgrounds and racetracks, possess proper technology
– Polar heart rate monitors Polar Accurex Plus and
Polar Vantage NV.

Programme of work

Our pedagogical experiment took place in
September and October 1998. Experimental group
worked in accordance to the program of endurance
training that involved 14 training units. The training
was scheduled twice a week during regular sports
education classes at school and lead by a sport teacher.
Endurance training programme consisted of
4 complementing each other units related by contents:
– training for improvement of running technique,
– general training of speed,
– general training of power,
– specific training of endurance.

Aims of the control group were similar to the ones
of experimental group (better adaptation of cardio-
vascular system to an effort and improvement of the
results in 600 m run), though pupils from this group
were exercising in accordance to regular program of
sports education, offered by sports teacher at school.

Experimental group Control group
work programme work programme

– initial measurement – initial measurement
– experimental endurance – regular lessons

training programme of sports education
– final measurement – final measurement

Sample of subjects

The sample consisted of 285 schoolboys from
5th grades of seventeen randomly chosen primary
schools in Slovenia. 147 boys were assigned to
experimental group and 138 – to a control group.

Sample of variables

Sample of variables included two tests (60 m and
600 m run) from battery of test of Sports Educational
Chart (Strel et al., 1996) and adjusted version of step
test (Karpljuk, 1999).

a) Motor variables

MT60 60 m run (sec.)
MT600 600 m run (sec.)

b) Physiological variables

STAMIR heart rate value (beat/min)
in adjusted step test
in the rest
– initial measurement

STBMIR heart rate value (beat/min)
in adjusted step test
in the rest
– final measurement
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STANAP heart rate value (beat/min)
in adjusted step test
during the effort
– initial measurement

STBNAP heart rate value (beat/min)
in adjusted step test
during the effort
– final measurement

STAPON heart rate value (beat/min)
in adjusted step test
after the effort
– initial measurement

STBPON heart rate value (beat/min)
in adjusted step test
after the effort
– final measurement

Methods of data processing

The data were processed by statistical programme
SPSS 9.0 for Windows with the use of:
– descriptive statistics,
– analysis of covariance.

All hypotheses were analysed on the level of 5 %
alpha error (p = 0.05).

RESULTS

The data were processed in two phases. In the first
phase we have established basic statistical
characteristics and distribution of individual variables
(TABLE 1). The results of initial and final
measurements are presented separately to enable the
assessment of dynamics of changes in separate
variables.

During the second phase the data were processed
by ANOVA computer programme with analysis of
covariance (TABLE 1). The analysis of covariance
allowed eliminating the influence of differences in
initial state of the groups, ensuring the reliability of
assessment of the influence exerted by the experimental
training programme. Considering the arithmetic mean
of final states for corrected and non-corrected values
(partial influence of initial state results), the standard
deviation was calculated for each group.

DISCUSSION

The initial and final measurements of T600M test
for experimental (EG) and control (CG) groups were
carried out in accordance to valid measurement
regulations included in Sports Educational Chart (Strel
et al., 1996). All organisational and measurement
requirements as well as demands concerning size of
the sample, test performance and condition of the
running surface, were satisfied.

The adjusted version of step test (TABLE 1) was
carried out in uninterrupted interval of 15 minutes.
Taking into account the fact, that monitoring the life

rhythms of schoolchildren before and/or after their
sports education lesson was impossible (particularly
directly before the initial and final measurements), we
have decided to use the first five minutes of the test as
a relaxation period. By applying 5 minutes long interval
of calming down we have tried to guarantee the
acquirement of reliable heart rate values in the state
of rest. Longer resting time (Karpljuk, 1996; Videmšek
& Karpljuk, 1997) would probably result in somewhat
different heart rate values, than obtained in our
research. This data might be important from the
physiological aspect of heart rate estimation in the
state of rest (Wilmore & Costill, 1994). During our
experiment in school, however, realisation of the
demand of long lasting resting period would not be
possible from two main reasons: schoolboys and girls
of this age (11) would not withstand 15 or even
10-minute-long relaxation period (Videmšek
& Karpljuk, 1997); the realisation of initial and final
testing would exceed the expected time of
measurements, and also the time reserved for the
single lesson of sports education.

For data processing we have used the heart rate
values from 3rd to 5th minute of the adjusted step test in
the state of rest, when pupils were lying on the floor
and relaxing. Considering size of the sample we have
used the above values as relevant indicators of heart
rate value in the state of rest (ST(A,B)MIR). The
results of adjusted step test in the state of rest before
an effort are presented in TABLE 1.

The heart rate values during the effort (STNAP)
were monitored from 5th to 10th minute of the test
inclusive (TABLE 1). For every half of minute the
momentary values of the heart rate were measured
and directly stored (by monitor Polar Accurex Plus or
Polar Advantage NV).

Heart rate value monitoring after the effort
(STPON) enabled the objective assessment of the
process of heart rate value decrease directly after the
effort (TABLE 1). Immediately after the end of
10th minute all subject lied down on the floor and
rested for the next 5 minutes. Heart rate monitoring
after the effort (and also during the effort), conducted
in equal conditions, (Karpljuk, 1994) helps to explore
the problem of organism’s adaptation to particular
training performed in a certain period of time. Process
of this kind is by some authors (Ušaj, 1996) called the
Rule of Adaptation. Also other scientists in their works
report comparable findings (Noakes, 1991; Golob,
1992; Newsholme et al., 1994; Karpljuk, 1994; Karpljuk
et al., 1996). Heart rate values after the effort are one
of the indicators of efficiency, or lack of it, in planning
and performing of the chosen training process
(Karvonen & Vourimaa, 1988). The adjusted step test
was selected mainly to help to additionally explain the
influence of the experimental training programme on
endurance development in chosen sample. Analysing
the results, the 600 m running test alone, would be
only one-sided approach to explanation of expected
and desired effects of the training. The authors (Strel
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et al., 1996), who compounded the above mentioned
T600M test into battery of tests measuring motor
abilities of children and youth, added suitable
clarification as to what is the chosen test measuring.
Nevertheless, the adaptation of cardio-vascular system
to the effort (Bravničar, 1991) is only one of the
indicators, which can assess and, to a certain extent,
also explain (Wilmore & Costill, 1994) the influence
of our experimental training programme on endurance
potentials of chosen sample (Karpljuk, 1999).

In case of an obvious enhancement in the results of
600 metres run (TABLE 1) we can, in some measure,
refer to findings of Hills et al. (1998), who have
presented the positive effects of an aerobic training
scheduled three times a week on chosen motor
potentials. Problems pointed out by the authors were
related to the level of intensity of the effort required at
the beginning of each training period. The authors
suggested the use of suitable submaximal tests, by
which we can estimate individual levels of effort’s
intensity during the training. In our study as a criterion
of intensity of effort we have chosen the adjusted
version of step test (Karpljuk, 1999).

Anticipating the difficulties that may occur in
constructing and estimating the effects of the training
programme on chosen sample, we gave consideration
to the following problems:
– The dilemma of the initial level of effort’s intensity

was overcome. The results of 600 m run enabled us
to divide the schoolboys into groups homogenous
in their current motor potentials. Considering the
heart rate values during the effort (STANAP) in
adjusted step test (TABLE 1) we have established
suitable target zones of the training for each hour
of sports education (Hinson, 1994; Karpljuk, 1996;
Karpljuk, 1999). Using the modern educational
technology (Polar heart rate monitors) we also
tried to show the possibility of monitoring the
individual on the background of the group.

– Training programme for EG included as well
general as specific contents concerning endurance.
Such suggestions are given by Noakes (1991) and
Karpljuk (1999), in their studies over different
approaches to planning and performing endurance-
training programmes for runners. Besides objective
physiological indicators of organism’s response to
the effort and, connected with it, efficiency of the
training programme, the authors have also
mentioned certain subjective mechanisms of
evaluation of training effort. In our experimental
programme we have concentrated on chosen
subjective indicators of effort’s intensity (e.g.
shortness of breath) and have presented them as
important part of training’s organisation.

– All participants of the experimental training
programme (teachers as well as pupils) had
possibility to change to some extent the training
contents and intensity of the effort (Ušaj, 1996;
Karpljuk, 1999).

When comparing initial and final measurements of
heart rate values in rest (STBMIR), the results obtained
by both groups (EG and CG) together exposed the
heart rate decrease by approximately 5 beats per
minute. However, if we consider each group separately,
we can find out, that in case of experimental group the
heart rate values in final measurement have decreased
by approximately 13 beats/min (from 108.25 beats/min
to 97.45 beats/min), and in control group have
increased by approximately 2 beats/min (from
109.06 beats/min to 111.04 beats/min) (Karpljuk, 1999).

In both groups the heart rate value during the
effort (STNAP) reaches equal value of approximately
172 beats/min (Karpljuk, 1999). If we take into account
the equation: HRmax = 220 – age (Wilmore & Costill,
1994; Hills et al., 1998), we could generalize the
obtained values and project them into the chosen
sample. However, already the size of standard deviation
(±13.71) does not allow us to generalize the results in
the sense of estimating the individual levels of effort’s
intensity. Maximal achieved heart rate values have
proven that the length of the active part of adjusted
step test (5 min) was properly chosen.

Two main outcomes of comparison between
STANAP and STBNAP are of particular importance:
statistically significant differences between
experimental and control groups (in favour of EG)
and lower average and maximal heart rate values in
case of EG in contrast to relatively unchanged heart
rate values in case of CG (Karpljuk, 1999). Comparison
with control group revealed that training programme
for EG was constructed and performed in the way that
led to enhancement in results of 600 m run and caused
the improvement in response of cardio-vascular system
to the effort.

In case of boys from experimental group (TABLE 1)
we could observe the decrease in results obtained
after the effort by approximately 11 beats/min (from
103.12 beats/min; ±14.45 to 92.07 beat/min; ±11.61).
For schoolboys (TABLE 1 – STBPONCG) from control
group the comparison between the measurement of
initial and final state revealed the increase of heart
rate value by approximately 3 beats/min (from
103.38 beats/min to 106.52 beat/min). Results of the
research confirmed our assumptions formed on the
base of the rule of adaptation (Ušaj, 1996), that the
training program might additionally positively
influence the organism’s response after the effort.
Tempo of relaxation of the organism directly after the
effort depends on many factors, some of which are
connected with the workload and with general and
specific fitness of the individual. The results of adjusted
step test and 600 m running test revealed
intercorelation. We have established that higher results
in 600 m run in final measurement are connected with
lower heart rate values during the step test (Karpljuk,
1999).

Our next finding (Karpljuk, 1994; Karpljuk et al.,
1995), concerning early effects of the training, has
already been confirmed by Wilmore & Costill (1994).
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The authors have discovered, that under the influence
of planned and systematic training, heart rate value
during first few weeks will decrease by 1 beat/min,
until it reaches particular level, depending on individual
aspects (also genetic factor) and characteristics of the
training. The authors do not give straight explanation
about observed phenomenon, although they assume
that it can be caused by increased parasymphatic
activity, which has its direct reflection in heart rate
value in the state of rest.

We believe that the experimental training
programme was a positive and sufficient stimulus that
elicited statistically significant decrease of heart rate
values in experimental group during the effort as well
as after the effort (TABLE 1). Monitoring of heart
rate changes after the effort is one of the factors, that
can be used for establishing the response of organism
to a planned training, for dealing with problems of
over-training and for evaluation of efficiency of chosen
training process, etc. (Newsholme et. al., 1994;
Karpljuk, 1994; Ušaj, 1996).

Analysis of the results led us to the following
conclusions:
– Two-months-long experimental training programme

has first of all influenced the factors connected
with endurance potentials of pupils from
experimental group. Mainly two tests have served
as indicators: 600 m run and adjusted step test. In
600 m running test, boys from experimental group
made progress of about 20 sec, while pupils from
control group have worsen their results by
approximately 6 sec. During the adjusted step test
we have been monitoring the heart rate values in
the state of rest before the effort, in the active part
of the test – during the effort and directly after the
effort. Comparison between the initial and final
results of adjusted step test revealed, that boys and
girls from EG reached approximately 5 beats/min
lower heart rate values in the state of rest before
the effort along with approximately 11-beats/min
lower heart rate during the effort and after it. In
control group, in the rest before the effort, only
slight decrease in heart rate values had been
noticed. During the effort and after it the control
group achieved 3 beats/min higher heart rate values
at final measurement in comparison to the initial
state.

– On the base of gathered data we have been able to
select the variables differentiating EG from CG in
the final measurement (Karpljuk, 1999). Also in
this case the biggest differences between groups
were noticed in results of adjusted step test
(particularly after the test and during the
performance of the test) and in 600 m running test.

– Results of our study are consistent with findings of
other authors (Zahnd, 1986; Gregorič & Sušnik,
1986; Beunen et al.; 1988; Štihec, 1991; Muszkieta,
1995; Janovska & Sleboda, 1995 and others), who
came to a conclusion, that professionally planned

and guided sports programmes are, as a rule, more
effective. Training programme concentrating on
the individual approach, that was a working base
for teachers from experimental group, received
their positive reception. Additionally the teachers
have expressed a wish and expectation, that similar
programs would be prepared for different sport
disciplines, various age groups and in different
durations. We have established, that sports
education at school is in need of vast variety of
specialized and adjusted training programmes,
which could additionally improve the quality of
work with children and youth.

– No statistically significant change had been noticed
in remaining motor abilities among boys from
experimental group, neither in positive nor negative
direction. In control group we have observed no
enhancement in endurance potentials, although
positive changes have been noticed in explosive
power, movement co-ordination, endurance of the
trunk, sprint speed, endurance of arms and shoulder
girdle (Karpljuk, 1999). We have concluded that in
case of CG the training contents must have been
concentrating on power, speed and co-ordination
of the movement, and to the lower extent on general
endurance. Last assumption can be confirmed also
by control group’s worse results in the 600 m
running test and in adjusted step test (the indicators
of general endurance).

Findings of the study are important not only because
our expectations have proven themselves, but also
because they demonstrate that by applying suitable,
systematic and rational training programmes it is
possible to positively influence the development of
certain motor abilities and acquirement of specific
sport knowledge (Štihec, 1991). This kind of
programmes should be theoretically and practically
based and supported by suitable modern educational
technology (different programmes as Graf – Sports
Educational Chart, Educational Program Planning,
Polar heart rate monitors with adjusted computer
programmes, etc.).

CONCLUSSION

On the base of data gathered during seven weeks
long experimental training programme we have
established that schoolboys from experimental group
have revealed statistically significant progress most of
all in 600 m run and in adjusted step test. Some
advancement has been noticed also in polygon
backwards, still slighter in standing broad jump and
a minimal improvement was observed in 60 m run, but
the differences were not statistically significant
(Karpljuk, 1999). Considering above data we have
drawn a conclusion, that the contents of our
experimental training programme had strong influence
on certain aspects of endurance potentials and partially
on movement co-ordination, and to a smaller extent
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affected the development of sprint speed, explosive
power and flexibility of the body. In spite of minor
advancement achieved in tests of explosive power,
speed and co-ordination we believe, that influence of
the training programme exerted on development of
the general endurance can partially affect also the
development of other motor abilities.

We are aware that in case of considered age group
it would be unacceptable to intentionally concentrate
on one chosen motor ability (which took place in our
experimental training programme) and neglect the
others. Training programmes constructed for use in
sports education at schools should involve as wide as
possible variety of activities stimulating even and
harmonious physical and also psychological
development.

During construction of the experimental training
programme we took into consideration findings of
many authors, who in their studies discuss topics similar
to ours:
– Training programme involved logical and gradual

transition from general to specific athletic contents
that have not been focusing only on development
of speed or general endurance.

– Programme contained variety of athletic contents
and sports disciplines (not only running), especially
sport games.

– Aerobic training was planned on the base of results
obtained during the initial measurements of 600 m
running test and adjusted step test. Monitoring
with Polar heart rate monitors enabled pupils to
individually control and monitor their sports
activities as well as intensity of their effort.

– Elements of anaerobic training have also appeared
in the programme, but only in proper intervals
with suitable periods of rest.

– Elements of power training were present only from
the pliometric point of view or in the meaning of
self-burdening and the load caused by the power of
partner. Elements of sprint appeared in the form
of relay races and sport games.

Example of our study proves that heart rate
monitors, popularity of which is constantly growing,
can represent an important aid in the process of
individualisation of sport education. According to
Carvonen’s formula and on the base of both maximal
heart rate and heart rate in rest, they allow determining
the optimal for each individual zone of effort. Heart
rate monitors were already introduced to schools but
they are not yet widely used. Modern technology
applied during physical education classes may not only
help to plan and conduct individual, optimal training
but also may increase pupils’ motivation and encourage
them to actively take part in sports as well at school as
in their leisure time. It also teaches them to be aware
of their physical condition, the way their body works
and how to work on and achieve better results and
body fitness.

Observations, made on the base of analysis of
experimental training programme have to a high degree
confirmed our assumptions about positive effects of
the programme for endurance development of
schoolboys in their early puberty age. In the same
time, new questions and scientific challenges have
arisen, particularly in the field of planning and
performing of specific training programmes for
development of remaining motor abilities, adjusted
for different age groups of children and youth.

TABLE 1
Differences in final measurement of 600 m run (analysis of covariance) and of adjusted step test in the state of rest
(STBMIR), during the effort (STBNAP) and after the effort (STBPON) between the experimental (STBMIREG,
STBNAPEG, STBPONEG) and control group (STBMIRCG; STBNAPCG, STBPONCG)

Legend:
MeanI Mean – Initial MinI Minimum – Initial
MeanF Mean – Final MinF Minimum – Final
St. dev. I Standard deviation – Initial MaxI Maximum Initial
St. dev. F Standard deviation – Final MaxF Maximum – Final

Sig. Significance
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VLIV EXPERIMENTÁLNÍHO TRÉNINKOVÉHO
PROGRAMU NA ROZVOJ VYTRVALOSTI

U CHLAPCŮ V RANÉ PUBERTĚ
(Souhrn anglického textu)

V této studii jsme se snažili zkoumat užitečnost
a efektivitu sedmitýdenního individuálního programu.
Tento program byl koncipován tak, aby rozvíjel vytrva-
lost žáků během programu tělesné výchovy na škole.
Výzkum byl založen na vzorku 285 žáků páté třídy ze
17 různých základních škol ve Slovinské republice.
Zjištěná data byla zpracována na Fakultě sportu na
SPSS 9.0 for Windows (popisná statistika a analýza
vzájemné korelace). Výsledky závěrečných testů uká-
zaly, že žáci ze zkušební skupiny dosáhli statisticky
výrazného pokroku v běhu na 600 m a v upravené
formě testu chůze v porovnání s chlapci z kontrolní
skupiny. Výsledky běžeckého testu a testu chůze jsou
dvě proměnné, které, jak jsme doufali, budou nejvíce
ovlivněny naším experimentálním programem vytrva-
lostního tréninku.

Klíčová slova: tělesná výchova, tepová frekvence, test
běhu na 600 m, upravený test chůze.
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The aim of this work was to analyse possible influence of passive sacroiliac joint mobilisation on body posture
changes in the sagittal plane.

Investigations embraced 900 children and young people aged 5–19 with symptoms of functional asymmetry of
the pelvis. One evaluated the quality of body posture twice – alternately in habitual standing and during autoelongation
in starting examination – and once again in same positions during final investigation. Three sacroiliac joint
mobilisation techniques were executed after the first examination in half of the group. 450 persons were randomly
selected. The photogrammetric computer set was used to evaluate spatial body posture.

The influence of mobilisations on changes of some body posture parameters in sagittal plane was determined by
statistical analysis of results.

Keywords: sagittal plane, physiological curvatures, sacroiliac joint mobilisation.

INTRODUCTION

The spatial constitution of the physiological
curvatures in the sagittal plane are dependent directly
on: the spatial position of the sacral bone in relation to
the iliac bones, the dimension of the so called
anteversion of pelvis and indirectly on the position of
pelvis in relation to the lower extremities. The mutual
functional connections of these elements are described
as the iliolumbar rhythm (Cailliet, 1980; Nowotny
& Saulicz, 1998). The range of this rhythm, which is
variable in individuals, determines the dynamics of
changes in the depths of physiological curvatures. It
relates to both the functional (different body position)
and the time (ontogenesis periods) aspects. The range
of rhythm is determined by such variables as: mobility
in its separate segments, the type of pelvis – dynamic
(when the sacral bone is positioned more horizontally)
or static (when the sacral bone is positioned more
vertically), sex, age and probably the general
somatotype, as well (Boner, Gross, & Blum, 1988;
Cailliet, 1980; Kapandji, 1992; Nowotny & Saulicz,
1998).

The biokinematical chain: spine – pelvis – lower
extremities constitutes a system that works on the
basis of mutual feedback in both static and dynamic
conditions, latter ones seeming to be more important.
The direct structural – functional connections within
this area are conducive to this system. Motions of the
lumbar spine, especially in L4 and L5 segments, cause
synkineses of the sacral bone in relation to the iliac
bones. Going further, every single movement of the
sacral bone leads to the motion of the intervertebral

disc, intervertebral joints in segment L5 and synkinesis
of the segments situated above (Winkel et al., 1993;
Vleeming, Snijders, Wingerden, & van Stoeckart,
1989).

The presented work is a part of the studies, which
attempt to explain the role and the meaning of the
sacroiliac joints in the body statics. They also try to
verify the efficacy of passive mobilisations of these
joints (Nowotny, Saulicz, & Raczek, 1995; Saulicz
& Nowotny, 1996; Saulicz, Nowotny, Cieśla, & Polak,
1996a, 1996b; Saulicz & Nowotny, 1996; Saulicz E.,
Nowotny, & Saulicz M., 1996; Saulicz E., Nowotny,
Kokosz, & Saulicz M., 1996; Saulicz, Rudzińska,
& Nowotny, 1997; Saulicz, 1998; Saulicz, Zembaty,
& Piłat-Kowalski, 1999). The most important aim of
these studies is to answer the question whether passive
mobilisations of the sacroiliac joints are followed by
any perceptible changes in the spatial situation of the
physiological curvatures.

MATERIAL AND METHOD

The examination comprised 900 boys and girls who
were chosen from the general group of children and
youth directed to the diagnostic examinations because
of incorrect posture. The requirement of the selection
was the asymmetry of spina iliaca posterior superior
with positive Pidellou syndrome (Piłat-Kowalski, 1998).
Every second person was randomly classified to the
studied group. The remaining boys and girls formed
the control group. Both groups were of similar age
(mean age for the studied group = 11.6 ± 3.0, mean
age for the control group = 11.5 ± 3.2, t = 0.692 and
p = 0.489 with the assumed level � = 0.05).
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The parameters of the body posture were estimated
four times in both groups: twice – in the habitual
posture and during autoelongation in the initial
examination and also twice – in the analogical sequence
in the final examination. Sacroiliac joint mobilisations
between the initial and final examinations were
conducted in the studied group. In the control group
the final examination was conducted about 10 minutes
after the initial examination.

The functional asymmetries of the pelvis were
corrected by the use of three mobilisation techniques
(which were done in a separate room) in all children
from the studied group. All the techniques were
executed by experienced therapist, trained at Cyriax’s,
Maitland’s and Kaltenborn-Evjenth’s mobilisations
procedures. Bilateral movements of the pelvis in the
direction of its retroversion were done (therapist’s
hands laid on spina iliaca anterior superior on the
ventral side and on the sciatic tubercle on the dorsal
side), bilateral movements of thigh hyperextension
with the sacrum stabilised and also bilaterally the
technique “leg over” were conducted (hip and knee
joints of the lower extremity were flexed to 90°, therapist
stabilised opposite arm, flexed lower extremity was
actively adducted by the treated child. Then the range
of motion was gently increased by therapist) (Bischoff,
1998; Cyriax, 1993; Kaltenborn F. M., Evjeth,
& Kaltenborn T. B., 1995; Lewit, 1984; Maitland, 1986;
Nowotny, Saulicz, & Raczek, 1995; Piłat-Kowalski,
1998; Saulicz & Nowotny, 1996; Schneider, Dvorak J.,
Dvorak V., & Tritschler, 1989; Winkel et al., 1993).
The first two techniques were repeated several times
and the last one was done very cautiously and gently
only once. The entire duration of mobilisation
procedures was no more than ten minutes. All the
children (both from studied and control group) were
leaving the room in which the examination was done,
so the operator of the photogrammetric set did not
know which children were subjected to sacroiliac joint
mobilisations.

The computer photogrammetric set was used to
estimate the spatial body position. It comprised two
blocks:
– Microcomputer with installed Frame Grabber card

with the distribution 512 × 512 which enabled to
insert to the computer the spatial picture of the
examined silhouette together with the monitor and
the hand press;

– Projection – receiving device with the camera
CCD/f = 8 mm, two projectors for slides with
lenses f = 210 mm/4,5 with the distribution
40 lines/mm and the analog monitor. Both in the
projection and receiving projector optical screens
with the reticle density 6 lines/mm were installed.

The body posture analysis in the sagittal plane was
done automatically on the basis on the programmed
parameters of the antropometric – measuring
method of body posture estimation (Nowotny,
Zawieska, & Saulicz, 1992; Nowotny & Saulicz,
1998). From among tens of parameters the lower
ones were chosen for further analysis:
Expressed in degrees:
– The angle of inclination of sacrolumbar passage;
– The angle of inclination of thoracolumbar

passage;
– The angle of inclination of cervicothoracic

passage.

Expressed in millimetres:
– The depth of lumbar lordosis;
– The depth of thoracic kyphosis;
– The depth of cervical lordosis;
– Total spine length.

The numerical data gained in this way were
subjected to statistical analysis (the proper computer
programme was used).

Fig. 1
Schematic presentation of the photogrammetric
analysis of the body posture (Nowotny, Zawieska,
& Saulicz, 1992; Nowotny & Saulicz, 1998)
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Fig. 2
The manner of the angles of inclination of: lumbosacral
(LS), thoracolumbar (ThL) and cervicothoracic (CTh)
transitions and the depth of: lumbar lordosis (LL),
thoracic kyphosis (TK) and cervical lordosis (CL)
measurement

RESULTS

The comparison was carried out in dimension of
the analysed body posture parameters in the sagittal
plane in the initial examination between the studied
and the control group. It was conducted in habitual
posture and during autoelongation. The differentiation
of the results turned out to be of a statistical value in
four cases only. The studied group was characterised
by a greater angle of the thoracolumbar segment
inclination and by deepened lumbar lordosis in the
habitual posture (t = 2.143 and 2.366; p < 0.05). The
differences in these parameters were not suppressed
during active spine elongation (both t > 2.209;
p < 0.05). In the remaining cases the results noted
were on the similar or nearly the same statistical level
in both types of posture. The analogical comparison
conducted in the final examination proved statistically
significant differences in most of the analysed
parameters. The thoracolumbar angle and lumbar
lordosis depth remained significantly different during
autoelongation. But the thoracic kyphosis depth was
distinctly reduced (in both types of posture t = 2.204
and 4.296; p = 0.028 and 0.00002 on the assumed level
� = 0.05), the cervical lordosis was diminished in the
habitual posture and deepened during autoelongation
in the studied group (both t > 2.210; p < 0.05).
Additionally, the differences in statistical values were

noted in the angles of inclination of the segments:
lumbosacral and cervicothoracic in the habitual
posture. During active spine elongation cervicothoracic
angle and thoracolumbar angle were different (t within
the section from 2.129 to 4.222 and p= from 0.034 to
0.00003). Moreover, greater increase of the total spine
length, especially during autoelongation, was noted
among the patients who had earlier undergone the
sacroiliac joints’ mobilisations (the difference of about
10 mm in the final examination with 4 mm in the initial
examination; t = 2.237 and p = 0.026 in the final
examination).

TABLE 1
Mean values and standard deviations of the total spine
length (TSL) and the angles of the inclination of:
lumbosacral (LS), thoracolumbar (ThL) and
cervicothoracic (CTh) transitions in the initial and
final examination during the habitual posture

TABLE 2
Mean values and standard deviations of the total spine
length (TSL) and the angles of the inclination of:
lumbosacral (LS), thoracolumbar (ThL) and
cervicothoracic (CTh) transitions in the initial and
final examination during autoelongation
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TABLE 3
Mean values and standard deviations of lumbar lordosis
(LL), thoracic kyphosis (TK) and cervical lordosis
(CL) depth in the initial and final examination in the
habitual posture

TABLE 4
Mean values and standard deviations of lumbar lordosis
(LL), thoracic kyphosis (TK) and cervical lordosis
(CL) depth in the initial and final examination during
autoelongation

Analysing the direct influence of the passive
sacroiliac joints’ mobilisations in the studied group
one should point out the following: from all the
analysed body posture parameters in the sagittal plane,
only some values were not of statistical significance.
They were: the total spine length in the habitual
posture, lumbosacral angle, lumbar lordosis depth (in
both types of posture) and cervicothoracic angle during
autoelongation. Differences on the statistically
significant level were noted in the remaining cases
(t in both types of posture within the section from
2.163 to 7.445 and p = from 0.031 to 0.000001). In the
control group, on the other hand, except for statistical
significance were: reduced dimension of
cervicothoracic angle (in the habitual posture and
during autoelongation), reduced cervical lordosis depth
in the habitual posture and thoracic kyphoses during
autoelongation (all t = from 2.283 to 4.985 ; p < 0.05),

in all the remaining cases nearly identical results were
noted in both examinations and in both types of
posture.

DISCUSSION

The vertebral spine as a whole is not a straight
column in the sagittal plane but it is curved in the
shape of an S. Two of these curves are anteflexed
(cervical and lumbar lordoses), and two are retroflexed
(thoracic and sacral kyphoses). The lengths of these
curves are different, but their depths are similar.
Because of the differences in number and height of
the vertebrae and the thickness of intervertebral discs,
cervical lordosis and thoracic kyphosis are arched softer
than in lumbar lordosis. The physiological spine
curvatures play the role of shock absorption. They
also reduce the strengths acting axially and influence
the spine’s endurance in a significant way. With the
curves being shaped properly, the spine is at least ten
times more resistant than the straight column
(Kapandji, 1992; Nowotny & Saulicz, 1998; Tylman,
1995). Too shallow curvatures not only diminish this
resistance but they also predispose to greater static
weight transmission. While sitting the spine is in
kyphotic position and the load of the third lumbar disc
increases about three to four times in relation to the
standing position, when we deal with the naturally
shaped spine curvatures.

Essential for the body statics is the course of the
segments’ centres of gravity, which are situated higher
in relation to lower situated joints. Such a situation is
the consequence of the spine’s spatial position in the
sagittal plane. Looking at a person from the side one
can observe that the centres of gravity projections run
alternately – from behind and from front in relation to
the proper rotation axes. They run behind the apex of
cervical lordosis, in front of thoracic kyphosis and
behind the lumbar lordosis. Translocation of any of
the segments (forward or backward) causes immediate
dislocation of adjoining segments in the reverse
direction. The whole of the phenomenon is a chain
reaction. Such a state is described as compensatory
body segments translocation, and its mechanism is
compared with the work of meshed wheels (Cieśla,
Saulicz, & Nowotny, 1993; Nowotny & Saulicz, 1998).
In the above mechanism the essential role is played by
the iliolumbar rhythm mentioned earlier.

The body posture in the sagittal plane is
characterised by considerable inter- and intraindividual
variations. On one hand, this individualised variation
is conditioned by such factors (mentioned in the
introductory part) as age, sex, race or somatotype. On
the other, the temporary physical and emotional state
of a person exerts significant influence. And that is
why some authors claim that this variation in the sagittal
plane is the only steady element in body posture
(Nowotny & Saulicz, 1998). The more so because the
body balance is controlled in the post factum system
and is derivative of continual swayings and returns to
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the vertical in the right – left and front – back rhythm.
In the physiological conditions the swayings in the
sagittal plane are more intensified. They have the
form of constant forward deflexions and vertical
returns. So it is just because of this fact that, recording
the body posture (especially in the habitual, not
extorted position, in time intervals), one should expect
a significant differentiation of results. In the studies
conducted, the above statement was confirmed on
a limited scale only. In the habitual posture in the
control group, the significant differences in results
denote only some of the parameters. What is most
important, they were parameters that characterised
body segments most distant from the support plane
(the cervicothoracic angle of inclination and cervical
lordosis depth), so the most supplied for the body
balance control mechanism. In this situation, the
sources of so significant differences in results in the
studied group in the final examination must be searched
for elsewhere. They can not be perceived in the
recording fortuity of the spatial structure of each body
segment. The sources of the differentiation are
probably the consequence of applied sacroiliac joint
mobilisations.

Doubts that might exist were definitely dispelled
by the analysis of the changes during active spine
elongation. What is important, apart from numerical,
also quality differentiation was noted in the studied
group. Contrary to the control group, among people
who had undergone sacroiliac joints’ mobilisation the
following essential changes could be noticed: increase
in the total spine length, deepening of both cervical
and lumbar lordosis, reduction of thoracic kyphosis.
Especially worth taking into consideration are the
changes concerning the thoracolumbar angle. Many
experts in sacroiliac joints problems emphasise the
strong mutual functional connections between the
activity of these joints (including the lumbosacral
transition) and thoracolumbar transition (Cieśla,
Saulicz, & Nowotny, 1993; Kapandji, 1992; Lewit, 1984;
Nowotny & Saulicz, 1998; Piłat-Kowalski, 1998; Winkel
et al., 1993).

The conducted studies are not a solution of the
dispute about the role and the importance of the
minimal sacroiliac joints’ motion in the total spine
mobility. It is also difficult to state whether the acquired
results’ distribution is the result of: normal, symmetrical
motor activity restitution (what is suggested by the
results of these studies) – the nutation of the sacral
bone, or temporary hypermobility of the joint (excessive
nutation).

The presented influence of applied sacroiliac joints’
mobilisations on some body statics parameters in the
sagittal plane should be the topic of more general
cogitations. There is no another joint that is the subject
of such controversies as the sacroiliac joints. It
especially denotes their motoric role (DonTigny, 1985;
Dvorak et al., 1989; Kapandji, 1992; Lewit, 1984;
Oldreive, 1996; Piłat-Kowalski, 1998; Winkel et al.,
1993; Vleeming, Snijders, Wingerden, & van Stoeckart,

1989). It can not of be excluded, though, that the loss,
even of the smallest degree in the mobility of the
articulation joints included in so called amphiartrosis
(articulatio mobilitis minimae) plays an important role.
It influences the total body motor activity as much as
loss of several or tens angle degrees in joints of a wider
range of mobility.

CONCLUSIONS

1. Passive sacroiliac joints’ mobilisations have their
influence on the spine position in the sagittal plane.

2. Both in the habitual posture and during active
spine elongation the greatest changes were noticed
in thoracolumbar and thoracocervical transitions
and in thoracic kyphosis and cervical lordosis.

3. As result of the applied sacroiliac joints
mobilisations the autoelongation mechanism was
accompanied by deepened lordotic posture with
the significant increase in the total spine length.

4. The great measurement accuracy of the
photogrammetric examination gives the possibility
of indirect estimation of some therapeutic actions
influence on the sacroiliac joints.
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VLIV PASIVNÍ MOBILIZACE
SAKROILIAKÁLNÍCH KLOUBŮ

NA ZMĚNY NĚKTERÝCH UKAZATELŮ
DRŽENÍ TĚLA V SAGITÁLNÍ ROVINĚ

(Souhrn anglického textu)

Cílem práce bylo určit případný vliv pasivní mobili-
zace sakroiliakálních kloubů na změny držení těla
v sagitální rovině.

Výzkumu se zúčastnila skupina 900 osob – dětí
a mládeže ve věku 5 až 19 let s příznaky funkční
asymetrie pánve. Deformace se projevovala kladným
Piedellou fenoménem. Kvalita držení těla byla oceňo-
vána dvakrát – střídavě v klidové poloze a během
sebeelongace v počátečním šetření a znovu dvakrát
v analogických polohách v závěrečném šetření. Až po
počátečním výzkumu mezi namátkou vybranou polo-
vinou skupiny byly použity 3 techniky pasivní mobili-
zace sakroiliakálních kloubů. Pro ocenění kvality držení
těla byl použit počítačový program (soubor) pro foto-
grammetrické ocenění držení těla.

Statistický rozbor výsledků ukázal jistý vliv použi-
tých mobilizací na změny některých ukazatelů určují-
cích kvalitu držení těla v sagitální rovině.

Klíčová slova: sagitální rovina, fyziologické prohnutí
páteře, mobilizace sakroiliakálních kloubů.
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The aim of this study was the examination of relationships between real motor fitness of grammar-school pupils and
their life styles. The study was based on the results of The International Fitness Test obtained from 216 persons
(111 girls and 105 boys) in two selected schools in Poznań. Additionally there was a self-evaluation questionnaire
used to collect data about leisure time activities, physical activities, life style etc. After analysing the results of the
motor fitness test, all material was divided into three qualifying-sections. Results show that tested subjects with
a high level of motor fitness also rated themselves high. This confirmed the relationship between high self-estimation
of health and high level of motor fitness. Over half of the tested girls and boys with an average level of motor fitness
assessed their own state of health as good. Similar assessments prevailed among pupils from a low-level group of
motor fitness. It was hypothesised that traditional school curricula do not pay enough attention to moral education
and a specially designed moral education program enhances the moral development of school pupils. The data
collected supported the hypothesis of an insufficient influence of traditional school curricula on the moral
development of those tested and proved that specially designed moral education programs are effective in that area
of general social education. The results suggest that emphasis needs to be put on sportsmanlike behaviour and on
rules compliance, which was neglected by the tested pupils.

Keywords: physical activity, level of motor fitness, self-estimation, moral and social development of 13 year old pupils
from Polish grammar-school.

INTRODUCTION

Physical activity is believed to be one of the
fundamental factors of human development (not only
in the psychophysical dimension, but also, and perhaps
most of all, in the wider socio-cultural context). In
practice, it calls for education and schooling “in” and
“by” physical activity to general culture and “decisive
meaning here is granted to school (to quality of
education) determining chances in one’s life”
(Brettschneider, 1998, 5). Physical activity is an
important part of specific life style, determining our
health and the quality of life for future generations. Its
level is often defined by the physical abilities of a man
(in our research physical activity concerned
undertaking various forms of activities both in and
outside school either organized or as part of leisure
time). However, motor fitness is a complex
phenomenon, determined by age, sex, genetically
conditioned state of health, but also by knowledge
acquired in the course of education and is certainly
dependent on individual attitudes in the sphere of
one’s own health-care.

Current works in moral development based on
moral reasoning eliminate prototypical moral acts,
where it was assumed that a greater willingness for
moral conduct follows an increase in moral judgement

and it was established that action, effect and cognition
are essential factors determining moral development
(when operating together), according to Burton (1984).
In a research project conducted in 1995 by Gibbons in
Canada, moral judgement, reasoning and intonations
were examined. Comparative research was carried out
in 1998/99 in Poland by Bronikowski (1999). It was
found that the enhancement of moral growth is not an
automatic consequence of participation in a physical
activity and, rather, the systematic and organized
delivery of theoretically grounded curricula is necessary
to make a difference in one’s moral development.

Today wider consciousness and perspective
picturing circumstances of functioning of some social
groups is needed. This would allow for making aims
and assignments, taking into account possibilities,
needs and interests of given age-group (in our case, we
refer to three-years stage of learning in grammar-school
– 12–15 years olds). This age period is usually associated
with visible somatic changes, whereas it is in puberty,
when major psychological changes occur, providing
the foundation for the social, cultural and moral
development of a man. Lack of appropriate intellectual
as well as physical support may lead to delays or even
a deficiency in one’s overall development. The creation
of educational opportunities for the realisation of
a whole-life aims of physical education demand the
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formulation of problems within a wide socio-cultural
context. Consequently programming long-term
education can not take place without in depth diagnosis,
while providing closer verification of the effectiveness
of education (in physical and moral development).

MATERIAL AND METHODS

Material was collected and evaluation based on
the results of The International Fitness Test from first
class grammar-school pupils from two selected schools
in Poznań. The test attempted to estimate the level of
motor fitness according to points on a given scale
(based on research of over 200 thousand boys and
girls undertaken in 1993). Use of Polish norms created
the possibility of obtaining the view of the present
level of motor ability of the tested age group. The
following fitness tests were carried out: 1) 50 m run,
2) standing broad jump, 3) hand grip, 4) sustained
pull-ups for girls and pull ups for boys, 5) 4 × 10 m
shuttle run, 6) curl-ups in 30 s, 7) sit and reach and
8) 800 m run for girls and 1000 m run for boys (Pilicz,
Przewęda, & Trześniowski, 1993). New research was
conducted in September and October 1999 and the
total number of tested pupils was 216 (111 girls and
105 boys). Additionally, there was a self-evaluation
questionnaire (Król-Zielińska et al., 2000) referring
to the life style of pupils concerning with health-related
habits of 13 years’ of grammar-school, frequency and
forms of undertaken activities. The investigation results
presented form the first part of a planned 3 year
longitudinal study of pupils attending grammar-school.
After analysis of the results of the motor fitness test,
pupils were divided into three qualifying-levels (low,
medium and high) according to the norms of The
International Fitness Test. Further analysis followed
concerning the qualifying levels of motor fitness.

It was hypothesised that the traditional school
curriculum is a one-sided source of pupils’ development
(concerning only physical abilities) and therefore the

level of moral development of 13 year olds is
insufficient. In addition the traditional school
curriculum does not meet the requirements of holistic
education and needs to be re-organised. It was assumed
that a specially designed moral education program
enhances the moral development of school pupils.

Participants were boys and girls aged 13 (n = 216)
from schools in Poznań, Poland. Data was collected in
1999.

Pupils’ moral development attitudes were assessed
by a modified version of the “My Physical Education
class” questionnaire covering moral judgement, moral
reasoning and aims. There were 10 specific moral
dilemmas most frequently appearing during a physical
education lesson i.e. pupil: avoids arguments, wins
without “gloating”, accepts defeat without complaining,
offers consolation, shares equipment, abides by the
rules, accepts referee’s decisions, takes turns, accepts
constructive criticism – Bronikowski (1999).

RESULTS AND DISCUSSION

A) Motor fitness and life style in 13 year old youth
from Poznań

In a group of 13 year old boys only 5 % of tested
pupils obtained results which put them in a group of
high level motor fitness, with best results in standing
broad jump and in bar pull ups. Boys with a little low
level of motor fitness (27 %) were characterised by
poor endurance in 1000 m run and little flexibility in sit
and reach tests.

Among 13 year old girls, the biggest differences
were observed in the test of sustained pull up and in
hand-grip, measured with a dynamometer. The most
similar results in all three levels of motor fitness were
observed in 4 × 10 m shuttle run and in dynamic
curl-ups in 30 s. Only 5 % girls obtained results putting
them in a high level group of motor fitness, and 14 %
were classified in a group of low level of motor fitness.

Fig. 1
Level of motor fitness of 13 years old boys in each attempt according to the point norms of The International Motor
Fitness Test (low, medium and high level of motor abilities)
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Fig. 2
Level of motor fitness of 13 year old girls in each attempt according to the point norms of The International Motor
Fitness Test (low, medium and high level of motor abilities)

���\HDU�ROG�JLUOV

�����>PLQ@�����>FP@

�����>O@�����>V@
���>V@

�����>NJ@������>FP@�����>V@

�����>PLQ@
����>FP@

�����>O@�����>V@���>V@

�����>NJ@������>FP@����>V@

�����>PLQ@
���>FP@�����>O@�����>V@

���>V@

�����>NJ@

������>FP@����>V@

�

��

��

��

��

��

��

��

��

UX
Q�
��
P

VW
DQ
GL
QJ
�E
UR
DG
�MX
P
S

KD
QG
�J
ULS

VX
VW
DL
QH
G�
SX
OO�
XS

VK
XW
OOH
�UX
Q�
�[
��
P

FX
UO�
XS
V

VL
W�D
QG
�UH
DF
K

UX
Q�
��
�P

SRLQWV

ORZ PHGLXP KLJK

In the questionnaire relating to pupils’ life styles,
among other things, self-evaluation of motor fitness
(with categories: outstanding, very good, good,
sufficient, bad) was investigated. The answers were
compared with results obtained in the motor fitness
test on all three levels; low, medium and high. Analysis
of results showed a statistically significant correlation
between self-evaluation and real level of motor fitness
among 13 year old girls (TABLE 2). In boys, correlation
between that feature is statistically insignificant,
although the relation measured with the V-Cramer
coefficient was strong (TABLE 1). 21 boys from the
low level of motor fitness group, which over evaluated
themselves in categories of good fitness (17 persons),
very good (3), and even outstanding (1) seemed a bit
surprising. Similar relations were observed in
Ukrainian research of grammar-school youths
(M. Pyzik et al., 1999), where 13 year old girls proved
more accurate in evaluating of their motor fitness
than boys.

No significant correlation was found in any of the
groups between the level of motor fitness and pupils’
stated frequency of undertaking physical activity,
neither among boys (TABLE 3), nor among girls
(TABLE 4). Although no significant correlation was
found in the structure of results (especially among
boys), it is shown, that the more physical activity
undertaken, the better the results of the motor fitness
test. This was confirmed by a strong coefficient of the
V-Cramer test. A moderate percentage of boys and
girls stated participation in various activity forms more
than three times a week, which is alarming. In similar
research in Ukraine, tested youth more often
undertook physical activities of high intensity and spent
more time during the week practising than Polish pupils
of the same age.

TABLE 5 shows main reasons for undertaking
physical activity among girls and boys taking the level

of motor fitness into account. Young people undertook
physical activity mostly to be in better physical form.
The higher level of motor fitness was there, where
more answers of tested pupils were. The boys answered
“to have relaxation”, “to have fun” and “for sport
career”, the answers of which were arranged in
accordance with the growth of the level of motor fitness.
The girls answered “for own health”, “for physical
education grade” and “to look good”.

For the research, it was also important to establish
the existing connections between pupils’ and their
parents’ activity, which could provide information on
possible sources of influence. After analysis of an
independence test �2 between declared frequency of
undertaken physical activity by pupils and their parents,
the results proved to be statistically significant only
between frequency of physical activity by boys and
their mothers. Among boys and their fathers, although
no statistically significant correlation was found, the
relation measured by the V-Cramer coefficient, was
strong, which suggested that involving mothers in their
children’s physical activity can increase frequency.

B) Socio-moral attitudes in 13 year old youth from
Poznań

The most important factors determining moral
development seem to be education (of pupils as well
as of their parents), socio-economical conditions and
environment. However, the way people develop their
socio-moral attitudes and the pace of this process
depends also on the amount and quality of the social
interactions occurring during the following stages of
one’s life. Research into moral development issues
has adopted a cognitive-developmental approach,
whereas less or no attention was paid to social
influences in specific areas of sport. Research carried
in Poznań aimed to establish possible associations and
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links between physical fitness and social development
among children regularly taught physical education in
a school setting. Here with we present data concerning
moral development through sporting situations. The
results show that a systematically organized curriculum
provided by the school enhances pupils’ moral
development and the biggest role should be played by
the Physical Education curricula. As this kind of
comparison hasn’t been done before we decided to
analyse the results, not in accordance with levels of
physical fitness (where little frequency would not show
trends), but between the genders. Thus, we could see
the difference in moral development between 13 year
old boys and girls in particular variables: Judgement,
Reason for the judgement, Aims.

Most of the tested pupils disapproved of presented
behaviours seeing them as negative – 65 % of girls and
38 % of boys. However, almost one fourth (28 %) of
pupils believed conflict behaviour to be acceptable
sometimes.

The largest number of pupils supported their earlier
judgement of behaviour in conflict situations in
considering whether it was nice for other people in the
class – 35 % of girls, 22 % of boys. For 27 % of girls
and 15 % of boys the prime consideration was the
question “Was it fair or not?” according to
well-recognized social norms. Over 10 % of girls and
boys considered only the short-term consequences
“Will I be punished for it?” representing the lowest
level of social development.

Girls more often declared their intentions of
breaking the social norms and rules (45 % – most of
the time and 32 % – sometimes) than boys (35 %
– sometimes), and one quarter of boys declared they
would abide by the rules, although there were 21 % of
boys who did not answer the question.

The highest number of girls (38 %) and boys (34 %)
based their judgement on the question of whether or
not it was fair or right, with a further 21 % of girls and
almost 30 % of boys considering whether it would be
nice for others.

Analysis of the results in all the tested variables
proved statistically significance differences among girls
and boys of 13 year indicating insufficient levels of
moral reasoning in every third girl and boy. 15 % of
girls and 12 % of boys from that age group considered
the possibility of punishment as a primary reasons for
their behaviour, which showed the lowest level of social
development. Only 27 % of girls and 15 % of boys
considered whether it was fair with others and
according to the social norms and values (TABLE 11).
The most interesting find was the unanimity in
accepting the breaking of social norms in such
dilemmas as: not accepting partners and referees’
decisions, not accepting defeat without complaining,
and accepting the violation of rules – by 45 % of girls
stating “I will break the rules most of the time” and
further 32 % stating “I will sometimes break the rules”
(TABLE 12). Whereas among 13 year old boys 35 %
said “I will sometimes break the rules”.

In research on social adaptation of youth
undertaken by Guszkowska in 1996, a similar
conclusion was reached based on her findings that
young pupils practising sports show signs of strong
self-identity needs and competitive character (p. 59).
Lee et al. (1999), while examining relations between
moral norms and social attitudes of youth in sport
found, similar to our research, that preferring
competition and rewarding only victories, negatively
influence development of sportsmanship, whereas skills
and self-competence development provide positive
social effects. In our research the level of social
development of examined 13 year old pupils was
insufficiently low and the level of understanding and
disapproval of anti-social and immoral behaviour, as
well as motivation, were reasonably high. We have
also noticed the consensus (uniformity of views) among
youth in accepting behaviour far removed from social
standards (i.e. breaking the rules and moral norms).
Such intentions of 13 year old pupils to behave beyond
moral and social norms regulating interpersonal
contacts, although only stated, call for undertaking
rapid action directed towards obligatory moral
education to be introduced in schools, clubs and
through the most powerful source of influence
nowadays – mass media. An experimental project run
by Bronikowski (1999) proved moral education
programs to be an effective and necessary part of
holistic education (up bringing) of the young
generation.

CONCLUSIONS

The data obtained in the research allowed the
evaluation of the level of motor fitness among 13 year
old grammar-school pupils, of whom only 5 % qualified
for the group of high level physical fitness, 27 % of
boys and 14 % of girls qualified for the low level of
physical fitness. Such a situation indicates either an
insufficient level of physical health of tested youth or
it is possible that the criteria norms once established
for the Polish youth population were too high,
irrelevant to the real level of motor capacities of youth.

The highest per cent of boys stated their
undertaking of physical activity 1–2 times a week and
they represented a medium level of physical fitness,
whereas among girls the biggest per cent representing
medium level of physical fitness group stated their
undertaking of physical activity 2–3 times a week.
Tested grammar-school pupils declared undertaking
physical activity not too often and in fact, the frequency
seems insufficient. Obviously this concerns only
activities undertaken in their free time as part of their
leisure routine but the reasons indicated by them point
to their reasonable understanding of the role of physical
fitness in their life. How significant the role of school
teachers and the curriculum remains unknown (as it
has not been addressed in this research). However, it
was noticed that mothers are the most influential
factors determining the frequency of physical activity
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of 13 year boys and perhaps involving them in
organizing and better participating in their children’s
leisure time may bring long-term lasting effects.

General analysis of moral development reveals
broad differentiation between social maturity among
pupils of the same age group. The level of moral and
social development of tested 13 year old pupils from
Polish grammar-schools was low and insufficient. What
is more concerning is the uniformity of views among
13 year old pupils accepting anti-social behaviour, at
the same time pointing at the fear of punishment as
the motivation for their behaviour. This indicates little
understanding of social community life mechanisms
and places their level of development at its early phases
– e.g. conformity or egocentrism. Hogan and Busch
believe that “personality development passes through
three broad phases. The first phase of development,
which ends around 5 years of age is largely concerned
with working out one’s relationship with authority and,
in the process, acquiring the rules, values and
rudimentary knowledge structures – language, danger
signs, the habits of obedience-necessary for survival.
Core levels of self-esteem and attitude towards rules
and authority come from this stage. The second phase
of development, which ends sometimes after puberty,
is largely concerned with working out one’s
relationships with one’s peers and, in so doing,
developing respect for the expectations of others and

for the notions of fair play, equity and retribution. The
third phase of development begins when one enters
the world of work and starts a family. Here the problems
of the past – learning to deal with authority and peers
– are connected to the problem of identity. At the
same time one begins articulating one’s life goals and
devising strategies for achieving those goals”
(Hogan & Busch, 1984, 230). In the research project
undertaken in Poznań among 13 year olds, high number
of tested pupils stated their anti-social behaviour
intentions in the future – about 50 % of girls, among
boys it was 17 % of 13 year olds.

Lack of judgement and evaluation skills in moral
dilemma situations in every third boy and girl points to
the ineffective educational role of school (especially
nowadays, when parents have lost their time, patience
and skills to bring up their own children). Traditional
school curricula had insufficient influence on moral
and social development of tested 13 year olds. Moral
development also plays an important role in developing
physical and mental abilities of young children. An
earlier project undertaken by Bronikowski (1999)
proved the need for specially designed effective moral
education programs in schools and we believe this
should be considered as one possible way to keep the
process of education in progress and up-dated
culturally and socially. Only then can we raise
awareness of human health potential and its intellectual
and physical capabilities.
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TABLE 1
Relation of motor fitness and self-evaluation of motor fitness in 13 year old boys [%]

Value of test �2 = 12,2680
Coefficient V-Cramer = 0,2121

TABLE 2
Relation of motor fitness and self-evaluation of motor fitness in 13 year old girls [%]

Value of test �2 = 21,127*
Coefficient V-Cramer = 0,2535
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TABLE 3
Relation of motor fitness and declared frequency of physical activity in 13 year old boys [%]

Value of test �2 = 20,0070
Coefficient V-Cramer = 0,2388

TABLE 4
Relation of motor fitness and declared frequency of physical activity in 13 year old girls [%]

Value of test �2 = 16,5760
Coefficient V-Cramer = 0,1981

TABLE 5
Main reasons for physical activity in grammar-school youth [%] (three answers were possible)

TABLE 6
Frequency of physical activity by boys in relation to fathers’ physical activity [%]

Value test �2 = 21,5350
Coefficient V-Cramer = 0,2905

���������������������������������������������������)UHTXHQF\�RI�SK\VLFDO�DFWLYLW\/HYHO�RI
PRWRU
ILWQHVV

�����������������1

���������������������OHVV�WKDQ������������RQFH�������������WZR�WLPHV��������WKUHH�WLPHV�������ILYH�WLPHV
��QRQH������������RQFH�D�����������������D�����������������������D����������������������D����������������������D��������������HYHU\�GD\
�����������������������ZHHN���������������ZHHN����������������ZHHN����������������ZHHN��������������ZHHN

/RZ�������������������������������������������������������������������������������������������������������������������������������������������������
0HGLXP��������������������������������������������������������������������������������������������������������������������������������������������
+LJK���������������������������������������������������������������������������������������������������������������������������������������������������

)UHTXHQF\�RI�SK\VLFDO�DFWLYLW\/HYHO�RI
PRWRU
ILWQHVV

�����������������1

���������������������OHVV�WKDQ������������RQFH�������������WZR�WLPHV��������WKUHH�WLPHV�������ILYH�WLPHV
��QRQH������������RQFH�D�����������������D�����������������������D����������������������D���������������������D���������������HYHU\�GD\
�����������������������ZHHN���������������ZHHN����������������ZHHN����������������ZHHN��������������ZHHN

/RZ�������������������������������������������������������������������������������������������������������������������������������������������������
0HGLXP�������������������������������������������������������������������������������������������������������������������������������������������
+LJK����������������������������������������������������������������������������������������������������������������������������������������������������

%R\V¶�SK\VLFDO�DFWLYLW\)DWKHUV¶
SK\VLFDO
DFWLYLW\
�����������������������1

���������������������OHVV�WKDQ������������RQFH�������������WZR�WLPHV��������WKUHH�WLPHV�������ILYH�WLPHV
��QRQH������������RQFH�D�����������������D�����������������������D����������������������D���������������������D������������HYHU\�GD\
�����������������������ZHHN���������������ZHHN����������������ZHHN����������������ZHHN��������������ZHHN

1RQH�������������������������������������������������������������������������������������������������������������������������������������������������
6RPHWLPHV�����������������������������������������������������������������������������������������������������������������������������������������
5HJXODUO\��������������������������������������������������������������������������������������������������������������������������������������������

0DLQ�UHDVRQV�IRU�SK\VLFDO�DFWLYLW\

����������������������������������ER\V ���������������������������������������JLUOV

/HYHO�RI
PRWRU
ILWQHVV )RU�JRRG�������������������������������IRU��������������IRU��������������IRU�JRRG��������������IRU�������������IRU���������������WR

3K\VLFDO�����������IRU��������������KDYLQJ��������VSRUWV�����������SK\VLFDO�������������RZQ�����������3�(��������������ORRN
FRQGLWLRQ�����UHOD[LQJ�����������IXQ������������FDUHHU�����������FRQGLWLRQ�����������KHDOWK���������JUDGH�����������JRRG

/RZ��������������������������������������������������������������������������������������������������������������������������������������������������������
0HGLXP�������������������������������������������������������������������������������������������������������������������������������������������������
+LJK������������������������������������������������������������������������������������������������������������������������������������������������������



Gymnica, 2000, vol. 30, no. 2 47

TABLE 7
Frequency of physical activity by boys in relation to mothers’ physical activity [%]

Value of test �2 = 43,604*
Coefficient V-Cramer = 0,3135

TABLE 8
Frequency of physical activity by girls in relation to fathers’ physical activity [%]

Value of test �2 = 11,2560
Coefficient V-Cramer = 0,2214

TABLE 9
Frequency of physical activity by girls in relation to mothers’ physical activity [%]

Value of test �2 = 27,5530
Coefficient V-Cramer = 0,2438

TABLE 10
Comparison of answers of 13 year old pupils in 10 moral dilemmas in variable “Judgement” [%]

Value of test �2 = 315,3***
p = 0,000
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TABLE 11
Comparison of answers of 13 year pupils in 10 moral dilemmas in variable “Reason of the judgement” [%]

Value of test �2 = 301,5***
p = 0,000

TABLE 12
Comparison of answers of 13 year pupils in 10 moral dilemmas in variable “Intentions” [%]

Value of test �2 = 311,8***
p = 0,000
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MOTORICKÁ ZDATNOST A SOCIÁLNÍ ROZVOJ
U 13LETÝCH POLSKÝCH ŽÁKŮ

(Souhrn anglického textu)

Cílem této studie bylo zkoumání vztahů mezi sku-
tečnou motorickou zdatností studentů gymnázia a je-
jich životním stylem. Studie vycházela z výsledků
Mezinárodního testu zdatnosti, které byly získány
u 216 osob (111 dívek a 105 chlapců) ve dvou vybra-
ných školách v Poznani. Studenti navíc vyplnili sebe-
hodnotící dotazník používaný při shromažrování dat
o jejich činnostech ve volném čase, o vynakládané
fyzické aktivitě a životním stylu atd. Po zhodnocení
výsledků testů motorické zdatnosti byl celý materiál

rozdělen do tří kvalifikačních tříd. Z výsledků je patr-
né, že testovaní studenti s vysokou úrovní motorické
zdatnosti sami sebe hodnotili také značně pozitivně.
Toto potvrdilo vztah mezi vysokým sebehodnocením
svého zdravotního stavu a vysokou fyzickou zdatností.
Více než polovina testovaných dívek a chlapců s prů-
měrnou úrovní motorické zdatnosti hodnotila svůj
vlastní zdravotní stav jako dobrý. Podobná hodnocení
se objevila mezi skupinou studentů s nižní úrovní mo-
torické zdatnosti. Lze tedy předpokládat, že tradiční
školní osnovy nevěnují dostatečnou pozornost mravní
výchově a že speciálně navržený program morální vý-
chovy obohacuje morální vývoj školou povinné mláde-
že. Zjištěné informace podporují hypotézu, že vliv
tradičních školních osnov na morální vývoj testova-
ných studentů je nedostatečný, a dále dokazují, že
speciálně navržené programy mravní výchovy jsou účin-
né v této oblasti všeobecného sociálního vzdělávání.
Výsledky dávají podnět k předpokladu, že je třeba
klást důraz na chování sportovců a na pravidla, který-
mi se řídí a která byla zanedbávána u testované
mládeže.

Klíčová slova: fyzická aktivita, úroveň motorické
zdatnosti, sebehodnocení, morální a sociální rozvoj
13letých žáků polských gymnázií.
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The main objective of the project was to analyse physical activity and sports interests in 11–12-years-old children
attending standard classes and sports classes, and to find out the principal correlates for leisure time physical
activities that influence their life style. A total of 84 girls and 106 boys from the fifth grade (standard and sports
classes) participated in the study. The standardised method for monitoring the extent and level of realised weekly
physical activity is based on the assessment of energy expenditure and steps with Caltrac accelerometer and Omron
pedometer, respectively. Variables that were consistently associated with children’s leisure time physical activity
were: sex, weekdays and weekend days, orientation of classes (girls), body weight (girls), the level of physical activity
realised in school physical education lessons, preference on orientation of physical activity and sports efficiency
classified according to children’s opinion.

Keywords: accelerometer Caltrac, pedometer Omron, active energy expenditure, school physical education lesson, life
style, sports interests.

INTRODUCTION

Childhood and subsequent maturation are key
periods when attitudes and relations of children and
youth to physical activity being to develop, running
parallel with biological and psychomotoric
development. Positive attitudes and relations of
children and teenagers to physical activity form
conclusive factors for its regular and long-term
realisation, as well as for consolidated “anchoring” in
the life style (Frömel, Novosad, & Svozil, 1999;
Rychtecký, 1997; Sallis & Owen, 1999).

“The role of sports and physical activities within
the spectrum of other activities in teenagers lifestyle
evidences and affinity for these activities (regular
realisation) and a high subjective meaning expressed
by girls and boys in all observed age groups” (Rychtecký
et al., 2000, 33). Concurrently, there is an evident
increase in undesirable proportion of “hypokinesis”
and “inactivity” in children and youth in our country
as well as abroad. This proportion has a negative
influence on their health and physical fitness
(Andersen, Crespo, & Bartlett, 1998; Harrel
& McMurray, 1999; Máček & Máčková, 1999; Pratt,
Macera, & Blanton, 1999). “According to an
assessment, only 22 % of the population, including
children, is active enough for maintaining adequate
health, on the other hand, 24 % of the people are
sedentary and 54 % are not active enough” (Máček
& Máčková, 1999, 56). Blair (1999, XV–XVI) added
to this statement “Physical inactivity is recognised as
a major health issue in most industrialised countries...,

physical inactivity was recognised as the fourth risk
factor for coronary artery disease, along with cigarette
smoking, high blood pressure, and high cholesterol”.

A way out from this undesirable situation is in
continual increase of realisation of optimal physical
activity followed by decrease of energy intake and
overall change in life style. An optimal level and
structure of long-term realised physical activity in
children and adolescents may favourably reduce their
overweightness and obesity, psychological stress and
illnesses, and enhance their athletic performance
through increased fitness. Physical activity during
childhood could also reduce risk of chronic diseases in
adulthood (Placheta et al., 1996; Sallis & Owen, 1999).

An optimal level of physical activity in young people
should accumulate 30–60 min/day (Biddle,
Cavill, & Sallis, 1998; Corbin & Pangrazi, 1996) ranging
up to several hours per day (Corbin & Pangrazi, 1996).
Since sustained moderate to vigorous physical activity
has been associated with specific health benefits, this
pattern of activity is also recommended (Corbin
& Pangrazi, 1996; Sallis, 1994). On the basis of
numerous conducted epidemiological studies using
Caltrac accelerometers, Sallis and Owen (1999, 65)
deduced that “...an increase of about 150 kcals per
day, or 1,000 kcals per week, over sedentary levels,
was sufficient to improve health”.

Nowadays studies on environment and conditions
for physical activity have gained significance. Suitable
(or unsuitable) environment and conditions for physical
activity show important advantages (or disadvantages)
especially for realisation of leisure time physical activity
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(Dishman & Buckwort, 1996; King et al., 1995; Sallis
et al., 1997; Sallis & Owen, 1999; Sallis, Prochaska,
& Taylor, 2000).

In order to form an effective physical activity
interventions in youth, not only in the health status,
somatic characteristics, diet patterns and physical and
social conditions of children need to be well
understood, but their leisure activity has to be
determined as well. According to Sallis, Prochaska
and Taylor (2000), variables consistently associated
with an adolescent’s physical activity were sex (male),
ethnicity (white), age (inverse), perceived activity
competence, intentions, depression (inverse), previous
physical activity, community sports, sensation seeking,
sedentary after school and on weekends (inverse),
parent support, support from others, sibling physical
activity, direct help from parents, and opportunities
for exercise.

The main objective of the project was to analyse
physical activity and sports interests in 11–12-years-old
children attending standard classes and sports classes,
and to find out the principal correlates for leisure
physical activities that influence their life style.

METHODS

The survey took place under natural conditions
and environment in October 1998 and April 1999 in
five randomly chosen elementary schools in the Czech
Republic and Poland (in Katowice, Olomouc, Opava,
and Ostrava). A total of 84 girls with mean age of
11.57 ± 0.46 years (body height 153.16 ± 7.69 cm,
body weight 43.30 ± 9.44 kg and BMI 18.36 ± 3.21
m.kg–2) and 106 boys with mean age of 11.59 ± 0.45
years (body height 150.48 ± 7.80 cm, body weight
40.38 ± 8.72 kg and BMI 17.74 ± 2.72 m.kg–2) from
the fifth grade – standard and sports-orientated classes
took part in the survey.

The standardised method of monitoring the size
and level for realised weekly physical activity is based
on the assessment of energy expenditure with the
Caltrac accelerometer (Novosad, Frömel, Hřebíček,
Válková, & Sallis, 1996; Sallis et al., 1994; Sallis et al.,
1997) and Omron pedometer (Frömel et al., 1998).

Monitoring was accompanied by completing
individual record sheets, where the children on each
evening were required to record the type, duration
(±5 minutes), intensity (normal, hard) and the
character (organised, non-organised) of physical
activity realised during the day. In addition to this
record of daily physical activity, every morning and
evening, and, depending on the performed organised
physical activity, even several times a day, the children
recorded the data from the Caltrac accelerometer and
Omron pedometer. The intensity of physical activity
from individual record sheets was determined
according to the Compendium of physical activities
(Ainsworth et al., 1993). The structure of sports
interests of children was found by applying the

standardised questionnaire (Frömel et al., 1998) (see
Appendix 1).

For processing and analysing the scores of realised
physical activity and sports interests of children
a special software was used (Novosad, Frömel, & Chytil,
1995; 1996). This software makes possible to provide
a didactic service for children participating in the
project and their parents (individual results of the size
and load of physical activity, together with instructions
on further activities), teachers and masters of the
schools involved in the project (mean, comparative
and comprehensive scores). The criteria for
classification of monitoring children are expressed in
TABLE 1.

TABLE 1
Criteria for classification of monitoring children

For the purposes of statistical processing, basic
statistical values and the MANOVA post hoc Tukey’s
tests were used.

RESULTS AND DISCUSSION

Analysis of quantitative scores of a week’s physical
activity (Fig. 1–4), in accordance with our expectation,
reveals a lower level of realisation of physical activity
in girls in comparison to boys of same age (Sallis
& Owen, 1999; Walton et al., 1999), and at weekend
days in comparison to weekdays (Frömel et al., 1998).
Figures 1–4 do not meet the condition for complete
system of classification in the observed children. These
groups are not mutually disjunctive set of elements.
The aim of such graphs was to summarise the principal
correlates consistent with children’s leisure time of
physical activity. A significant longer time of sleeping
at the weekend days (including lying in bed before
sleeping and after waking) also contributes to lower
level of weekend’s physical activity. While the mean
time for sleep on weekdays in girls and in boys was the
same: 10 ± 1.1 hours per day (approximately from
21:00 to 7:00 hour), on the weekend days the sleep
time was significantly longer. Girls slept more than
1 hour and 47 minutes (F = 254.76; p < 0.00001)
longer and boys more than 1 hour (F = 77.11;
p < 0.00001) longer.

Active energy expenditure (or number of steps)
especially in children: with normal body weight, more
active in physical education lessons, from sports classes,
with high sports efficiency – according to their opinions,
and in children who prefer fitness and sports
orientation of physical activity, exceeds minimal indices
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for physical activity. These norms were determined by
our methods in order to judge children’s effectiveness
in relation to health benefits and development of sports
performance. Active energy expenditure (or number
of steps) should be, in girls of this age and on most
days of the week, at least 9 kcal.kg–1.day–1

(or 11000 number.day–1) and in boys 11 kcal.kg–1.day–1

(or 13000 number.day–1) (Frömel, Novosad, & Svozil,
1999).

Another important fact is that children who are
more physically active in school physical education
lessons are more active in their leisure time in
comparison with children less physically active in
physical education lessons. And conversely, more than
80 % of girls and boys more physically active in their
leisure time are also more physically active in school
physical education lessons. Thus, school physical
education, from the point of leisure time activity to
some degree, has a “diagnostic” and “anticipatory”
character in addition to being a “motivational” factor
(Rychtecký, 1997).

From the aspect of health enhancement in children,
development of sports performance and creation of
positive attitude to a regular lifelong physical and
sports activity I found in our participating boys and
girls from standard and sports classes, different from
American children (Andersen, Crespo, & Bartlett,
1998; Pratt, Macera, & Blanton, 1999; Sallis & Owen,
1999), more favourable structure and level of their
weekly physical activity. Analysing the questionnaire
on physical activity of 518 American children aged
11–12 Walton et al. (1999) discovered, these children
on average spend two to three hours per day watching
television, video, playing computer games or working
(14–21 hours per week). This finding computes to
a 9:1 ratio of sedentary to physical activity pursuits in
the same population. The increasingly popular Internet
may influence this ratio even more as the children
grow up.

Walking dominates (5–8.7 hours per week
– 36.7–55 %) and swimming is the most popular
(14–22 %) kind of physical activity in all analysed sets
of 11–12-year-old girls and boys. The preferred and
much used types of physical activity in girls from
standard as well as from sports classes in all regions
are cycling (including mountain biking), volleyball,
running and jogging, household work, and skating
(including in-line). Boys of the same age, regardless of
class orientation and the regional affiliation, clearly
opt for collective sports games (football and
basketball), other movement games, and cycling and
running.

While girls from standard classes, girls with high
body weight, and girls less physical-active in school
physical education lessons, prefer the “traditional”
aesthetic orientation of physical activity, girls from
sports classes, girls with normal body weight and girls
more physical-active in school physical education
lessons in their dominating fitness and sports
orientation closely approach the “traditional” boys’

orientation of physical activity. The difference in
physical activity between “typical” boys’ and “typical”
girls’ decreases in this age considerably in orientation
and selection of realised physical activity (Frömel et
al., 1998; Frömel, Novosad, & Svozil, 1999).

When the Omron pedometer was set to a standard
sensitivity and the invariable length of steps of 70 cm,
it registered a lower energy expenditure in children
from this project than the Caltrac accelerometer
showing a difference of 25.42 % with high correlation
coefficient rp = 0.71 (in girls 23.88 % rp = 0.66, in boys
28.80 % rp = 0.73) p < 0.00001. Apart from main
technical differences and a principally different way of
monitoring physical activity between Omron and
Caltrac, I see the causes of this “underestimation” not
only in standard sensitivity during the whole
monitoring, but also in higher error during individual
insertion of body weight of a child. This variable is
inserted into Omron with an accuracy of ±2.5 kg in
contrast to Caltrac where this error is substantially
lower ±0.5 kg thanks to rounding off of the weight
index. Considering these facts, I fully agree with the
statement of the studies by Hatano (1993), Janz, Witt,
& Mahoney (1995), Rowlands, Eston, & Ingledew
(1999), Westerterp (1999) who recommend the use of
Caltrac accelerometers and Omron pedometers in
comparative research realised mainly in field conditions
in wide section of population.

Fig. 1
The level of girls (n = 84) physical activity
a) active energy expenditure (kcal.kg–1.day–1)

b) steps, skips and position changes (number.day–1)

Note: PE – physical education lessons
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Fig. 2
The level of boys (n = 106) physical activity
a) active energy expenditure (kcal.kg–1.day–1)

b) steps, skips and position changes (number.day–1)

Note: PE – physical education lessons

Fig. 3
The level of girls (n = 84) physical activity (according
to the questionnaire on sports interests)
a) active energy expenditure (kcal.kg–1.day–1)

b) steps, skips and position changes (number.day–1)

Fig. 4
The level of boys (n = 106) physical activity (according
to the questionnaire on sports interests)
a) active energy expenditure (kcal.kg–1.day–1)

b) steps, skips and position changes (number.day–1)

CONCLUSIONS

a) In methodology

– The evaluation of the efficiency of realised physical
activity and its “anchoring” in the life style of
children, should be approached within wider aspects
and relations:

� organised physical activity � non-organised physical activity
(school, sports club, etc.) (outside of school, leisure time)

� weekdays � weekend days
� physical activity of several days, � several months,

one week one-year physical activity
� “habitual” one-week physical activity � “extreme” one-week physical activity

(in the school week) (summer holidays, courses, camps, etc.)
� physical “reality” � physical “possibilities”

– present health status,
– value orientation,
– preference of leisure time activities,
– conditions for physical activities,
– and others.

– Not only the structure and the level of realised
physical activity but also the structure of a wide
spectrum of “inactivities” (sleep time, time spent
seated – while commuting, while watching
television, studying, reading, etc.) should be made
more apparent in the subsequent studies.

– In defining the socio-economic, ecological,
individual and other conditions for the realisation
of physical activity, it is necessary to use the
qualitative and quantitative approaches in a suitable
relationship.

– To understand the problem better, attention should
be paid both to the generalisation and to the
comparative or causative studies.

– The Caltrac accelerometer and the Omron
pedometer, when correctly and precisely used, are
suitable for monitoring especially the long-term
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and locomotive physical activity in field conditions,
for group-comparative analyses.

– To obtain quantitative and qualitative data on the
physical activity, combined monitoring of physical
activity with accelerometer, pedometer, and
individual record sheet has been found to be
appropriate. (The record sheet contains data on
the frequency, type, character, duration and
intensity of the physical activity).

b) In pedagogical kinanthropology

– The greatest differences in physical activity realised
on weekdays and on weekend days are found in
children from sports classes, children with
a preference for sports orientated of physical
activity, children with normal body weight, children
more physically active in the lessons of school
physical education and high sports efficiency
children.

– In all studied and analysed groups of girls and boys
aged 11–12, the physical activity is found to be
clearly lower over the weekend than on weekdays
(on the “school” days), which is a disquieting fact
from the aspect of development of a positive
relation to long-term and regular realisation of
physical activity.

– Unlike on weekdays, the differences in the degree
of physical activity became smaller in all analysed
groups on weekend days.

– Due to the classification according to the class
orientation, the level of body weight, regional
affiliation, level of physical activity in school physical
education lessons, preference of sports games,
orientation of physical activity and sports efficiency,
the fifth-grade boys in basic schools are generally
a more homogenous group in the degree of
realisation of one-week physical activity than girls
of equal age.

– The greater homogeneity of boys in realised
one-week physical activity as compared to the girls
manifests itself also in smaller differences in the
structure of sports interests.

– Girls and boys more active in school physical
education lessons are more physically active in
their leisure time and conversely, children more
physically active in their leisure time are also more
active in school physical education lessons. Thus,
school physical education from the point of leisure
time activity to some degree has, besides the
“motivational”, also the “diagnostic” and
“anticipatory” character.

c) Praxeological aspects

– The generalisation of the differences between boys
and girls from different regions in terms of the
level and structure of realised one-week physical
activity is not possible and is not important either.
But it may be summed up that under favourable

circumstances, which in this case were found to be
the best in the children from the Opava region,
girls and boys are able to bring about physical
activity of a sufficient level and extent in their way
of life.

– From the aspect of health enhancement in children,
the development of sports performance and
creation of positive attitude to a regular lifelong
physical and sports activity, I emphasise the high
level of realisation of one-week physical activity in
children more physically active in school physical
education lessons, the girls preferring the fitness
orientation and children preferring sports-
orientated physical activities. (The portion of active
energy expenditure on total one-week energy
expenditure was more than 27 % in girls and 30 %
in boys).

– I find a critical situation in girls with high body
weight, to whom the size and structure of realised
one-week physical activity appears in average to be
insufficient for even the maintenance of their
physical fitness and sports performance.

– Another alarming fact is the degree of realisation
of one-week physical activity in children preferring
a recreational and health-related physical activity
and in girls who think their sport efficiency is below
average, and therefore do not on average contribute
to a better development of their physical fitness
and sports performance.

– The immediate feedback information (in the form
of a didactic service) on the present level of physical
activity and the structure of sports interests in
children (individual results of the size and load of
physical activity, together with instructions for
further activities, addressed to both children and
parents, the mean, comparative and comprehensive
scores made available to teachers and head-
teachers) enable the school staff to design the
structure, content and course of the teaching
process in physical education as well as for outside
of school activities of the children, more efficiently.
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KORELÁTY POHYBOVÉ AKTIVITY DĚTÍ
VE VĚKU 11–12 LET

(Souhrn anglického textu)

Dětství a následné dospívaní je klíčovým obdobím,
kdy se kontinuálně s biologickým a psychomotorickým
vývojem utváří a formují vztahy a postoje dětí a mláde-
že k pohybové aktivitě. Pozitivní postoje a vztahy dětí
a mládeže k pohybové aktivitě patří mezi rozhodující
faktory pro její pravidelnou a dlouhodobou realizaci,
stejně jako pro její pevné „zakotvení“ v životním stylu.
Hlavním cílem projektu bylo analýzou pohybové akti-
vity a sportovních zájmů dětí ve věku 11–12 let najít
podstatné koreláty mimoškolní pohybové aktivity vý-
razně ovlivňující jejich životní styl. Výzkumu, realizo-
vaného v přirozených a srovnatelných podmínkách
(říjen 1998 a duben 1999), se celkem zúčastnilo 84 dívek
a 106 chlapců z pěti náhodně vybraných základních

škol v České republice (Olomouc, Opava, Ostrava)
a Polsku (Katowice). Standardizovaná metodika mo-
nitorování pohybové aktivity vychází ze stanovování
energetického výdeje akcelerometrem Caltrac a počtu
kroků pedometrem Omron. Týdenní pohybová aktivi-
ta byla u dívek (resp. chlapců) kontinuálně sledována
10.35 ± 1.43 (resp. 10.60 ± 1.47) hodin denně. Pro-
měnné výrazně determinující mimoškolní pohybovou
aktivitu sledovaných 11–12 dětí jsou: pohlaví, pracov-
ní a víkendové dny, zaměření třídy (dívky), úroveň
tělesné hmotnosti (dívky), úroveň pohybové aktivity
realizované ve vyučovacích jednotkách školní tělesné
výchovy, obliba zaměření pohybové aktivity a sebe-
hodnocením klasifikovaná sportovní výkonnost.

Klíčová slova: akcelerometr Caltrac, pedometr Omron,
aktivní energetický výdej, vyučovací jednotky školní tělesné
výchovy, životní styl, sportovní zájmy.
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Appendix 1
Questionnaire of interests in an area of physical activities

1. First name, surname, school, class, date: .....................................................................................................................
2. Indicate your participation in any sports organisation:         YES – NO

Type of sports: .......................................................... Level: .................... How many hours a week: .....................
3. Indicate your most frequent non-organised physical activity performed in your leisure time: .....................

....................................................................................................................... How many hours a week: .....................
4. Is in your opinion the level of your sports efficiency: BELOW  AVERAGE – ABOVE  AVERAGE
5. Give the order of your preferences for the first five (somewhere four) sports, activities, orientations and events

separately in each part of the questionnaire.

I. Branches of sport IV. Games VII. Orientation
......... athletics (includes all ......... badminton ......... “aesthetic” (stress on expression

forms of running) ......... handball of movement by  music)
......... technical sports activities ......... soccer ......... “fitness” (development of strength,
......... canoeing, rowing ......... basketball and endurance)
......... fitness exercise ......... ice-hockey ......... “sport” (competition)
......... skiing – nordic ......... “kickball” (“foot-tennis”) ......... “recreational” (relaxation,
......... skiing – down-hill ......... volleyball compensation, free time activities)
......... modern gymnastics ......... softball ......... “creative” (creativity, independence)
......... orienteering ......... table tennis ......... “health” (correct body posture,
......... swimming ......... tennis stretching, weight reduction)
......... aerobics ......... water polo
......... sport gymnastics ......... others .............................
......... sport games .............................
......... dancing
......... hiking and cycling
......... self-defence (karate, judo)
......... skating
......... windsurfing
......... others ..............................

..............................

II. Gymnastics V. Touring VIII. Technical activities
......... floor exercise ......... cycling ......... motor-cross
......... parallel bars ......... hiking ......... biathlon
......... high bar ......... boating ......... model-making
......... balance beam ......... motorcycling ......... motoring
......... rings ......... mountain bikes
......... vault ......... scuba diving
......... trampoline ......... sport shooting

......... others .............................
.............................

III. Athletics VI. Activities focused on IX. Swimming
......... running (long distance) ......... dexterity ......... freestyle
......... throw ......... speed ......... breaststroke
......... long jump ......... strength ......... backstroke
......... high jump ......... endurance ......... butterfly
......... sprint
......... shot put
......... relays
......... others ..............................

..............................
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INFLUENCE OF THE SPORT TEAM GAMES ON A POSTURE OF BODY
OF BLINDS AND PEOPLE WITH DIMNESS OF VISION
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The impairment of vision, especially the blindness, generates specific kind of locomotion with characteristic
bending of body, stepping gate, short steps etc. (Dziedzic, 1980). It creates, among other things, characteristic
anterior and backward curvatures of spine. Sport activity by playing sport games influences the values of the
curvatures in sagittal plane only in small part. However the effect of sport activity in lowering the values of spinal
curvatures in frontal plane (scoliosis) was fully confirmed in our study. The strengthen of muscle corset by constant
motor exercises in the course of training process and during sport competitions decrease distinctly the lateral spinal
curvatures. Some decreasing of lateral curvatures of vertebral column is visible in control groups too. It is due to
their participation in common lessons of physical education, correction gymnastics or swimming in a pool. The
moves of body performed by players during sport matches or training involve very often the side slidings executed
with great dynamics from kneeling or standing positions. Results of our study confirmed the considerable influence
of such moves on the magnitude of the lateral curvatures of spine.

Keywords: sport of handicapped, team, team sports (rollball, torball, goal ball), scoliosis, typology of posture.

INTRODUCTION

Sport team games played by blind people as well as
people with dimness of vision belong to the disciplines,
which have an indirect fight character. All action done
by players in such disciplines are undertaken in
constantly changing external conditions. It requires
a great intensity of competitor’s attention and
concentration and ability to made fast and unaided
decisions. In team games the cooperation between
players and their physical activity is directed to
overcome the opponent. The “ringing balls” mean the
games that are simultaneously of speed, agility and
force character. It is hard to learn these games, because
they involve many elements being “not natural”, as
slipping aside from standing or kneel down position by
defense of ball or throws on a floor. In course of game
many difficulties are caused by relatively short time of
contact with ringing ball the player has during single
action (Bolach, 1982, 1985, 1986, 1994a, 1994b, 1999;
Bolach & Pełka, 1995).

Objective of the study is to appreciate the influence
of sport team games on posture of body of blinds and
people with dimness of vision.

MATERIAL

The measurements were taken from 1996 till 1998
in the gym halls owned by the Sport Association “Start”
and in the Grzegorzewska School-Educational Centre
for Blind Children in Wrocław.

Material consisted of 138 men blind or with dimness
of vision. The 30 blind men and 35 with dimness of
vision were members of sport section of “ringing balls”,
while the 35 blind and 38 with dimness of vision ones
didn’t play sport games anytime and were taken as the
control group.

Age of sport group of blinds spanned between
17–22 years, with the mean 20,2; in control group the
age span was the same with the mean equal 20,0 years.
In groups with amblyopia the age of sportsmen as well
as ones from control group covered the range between
17 till 22 years, with almost the same mean values
(18,8 years in sport group, and 18,9 years in control
group).

The period of sport activity was also taken into
account. It ranged between 2 and 4.5 years in the
group of blind sportsmen, with mean value equal
3.3 years. For sportsmen with dimness of vision the
time of sport activity changed from 2 till 5 years with
mean equal 3.2 years. Sportsmen under study trained
usually about 1.5 of hour three times weekly.

METHOD OF INVESTIGATION

The posture of body was estimated both in the
sport groups and the control ones. The computer
method of moire topography was used (Adair, Wijk,
& Armstrong, 1977; Hawrylak, Barczyk, & Sipko, 1977;
Nowotny, Zawieska, & Saulicz, 1992).
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The following parameters were analysed:
1. The spinal curvature in sagittal plane – to evaluate

the inclination of lumbar-sacral part of vertebral
column:
– alpha angle between lumbar lordosis and sacral

bone – estimates the inclination of thoracic-
lumbar part of vertebral column,

– beta angle between thoracic kyphosis and
lumbar lordosis,

– gamma angle between 7th cervical vertebra and
highest convexity of upper part of spine,

– compensation index � enabling to establish the
type of body posture according to Wolanski’s
typology: kyphotic, lordotic or balanced one.

The index of compensation can be calculated
according to the formula: � = kkp – kl, where
angle of thoracic kyphosis (kkp) = � + �.

2. The angle referring to the maximal distance of
spinous process line from the C7 – S1 line, which
indicates occurrence of lateral spinal curvature.

Method of taking measurements

The data from TV camera were sent directly to the
computer connected on-line with measurement set.
The process of taking measurements was divided into
several stages:
1. All characteristic points (like spinous proceses, iliac

spine) are marked on the body of measured person.
2. The measured person stands in a marked place so

his TV picture is visible on the computer monitor.
By placing the cursor in a certain site picture one
can establish its coordinates.

3. Digitalised picture is registered in the computer
memory. Remaining a stable and unchanging
position in the course of measuring is a fundamental
problem. So the single measurement lasted about
1/30 s, i.e. three times during one second, with the
middle result taken into account. Such procedure
decreased the probability of appearing of the error
caused by loosing of balance.

4. The special computer program calculates three
dimensional coordinates of surfaces under study
and evaluates many parameters describing the
position of body in all planes: sagittal, frontal and
transverse one.

5. The list of chosen parameters or figures presenting
the picture of back of an individual are printed on
a computer printer.

6. The data are then prepared for statistical analysis.

RESULTS

The obtained results were analysed with use of
standard statistical methods (Ferguson & Takane,
1997).

It was found from the analysis of spinal curvatures,
evaluated by photogrammetric method, that values of
angles alpha, beta and gamma don’t go beyond limits
recognised by Wolański (1958) as physiological ones.

Playing the sport team games doesn’t clearly change
anterior and backward curvatures of spinal column.
Probably it results from the special structure of
movements during training and sport competitions.
Both by defence actions and during attacks the players
fight taking lower positions of their body (Bolach,
1986, 1994a, 1994b, 1999). Such kind of body position
doesn’t influence the spinal curvatures in sagittal plane.
So there are no statistically significant differences
between the distributions of values of these angles
both in sport and in control groups independently on
extend of the impairment of vision.

Computed values of chi-square test in all cases
don’t exceed the critical values. The null hypothesis
stating the identity of distributions of angles of anterior
and backward curvatures of spine both in sport and
control groups cannot be rejected. Respective results
of analysis are presented in TABLES 1 and 2 as well as
in Figures 1 and 2.

TABLE 1
Anterior-backward curvatures of vertebral column in
blinds

TABLE 2
Anterior-backward curvatures of vertebral column of
individuals with dimness of vision

The measured values of angles of anterior-backward
curvatures of spinal column and the value of m index
derived from them make possible to assess the body
type of individuals under study, according to typology
by Wolański (1958, 1961). Three types of the body
postures were selected namely: kyphotic, lordotic and
balanced. The frequencies of appearing of certain type
of body posture in analysed groups are presented in
Figures 3 and 4.
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Fig. 1
Spinal curvatures in sagittal plane in the blind

Fig. 2
Spinal curvatures in sagittal plane in the group with
impairment of vision

Fig. 3
Distribution of types of body postures in the blind
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Fig. 4
Distribution of types of body postures in groups of the
visually impaired
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Lordotic type of body posture occurred to be the
most frequent in the group of blinds, while the
individuals with dimness of vision were characterised
mostly by the balanced one. The types of body posture
have similar distributions in sport and control groups,
independently to extend of the loss of sight. The
chi-square test in comparison of distributions between
sport and control groups in blinds is equal 0.63 while
in group of people with dimness of vision it equals
0.69. Both values are considerably lower than the
critical one (5.99) at the significance level 0.05. Mainly
the manner of their walking probably determines the
type of body posture of blind or with dimness of vision
people. Influence of the way of everyday moving is
especially distinct in blinds being the reason of the
predominance of lordotic type of body posture. In
group of people with dimness of vision such correlation
is perturbed by possibility of utilising the rest of vision.

The element of body posture in which there are
significant differences between sport and control
groups occurred to be the lateral spinal curvatures.
The mean value of scoliosis in sport groups was clearly
lower in comparison with the control ones. This
difference was greater between groups with dimness
of vision, however in blinds it was also statistically
significant. Adequate results are presented in TABLE
3 and 4.

TABLE 3
Range of lateral spinal curvatures (scoliosis) in the
blind
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TABLE 4
Range of lateral spinal curvatures in groups of the
visually impaired

Since the applied diagnosis is not so unique like in
the case of diagnosis based on the X-ray technique,
the presented values have to be taken rather as form
of evaluation of scoliotic type of body posture than as
establishing of scoliosis itself. The differences of
distributions between sport and control groups are
clearly visible. The all observed scoliosis can be
estimated as being of the first step according to their
values (as functional ones), i.e. not causing the
structural changes in vertebral column.

Nevertheless the distributions of scoliosis in sport
groups are distinctly shifted toward lower values in
comparison with distribution in control groups. It
suggests that sport training, during which players do
many moves in frontal plane of body, may influence
significantly the value of scoliosis, causing its
decreasing. In the group of people with dimness of
vision such effect could be multiplied by possibility of
using the rest of sight.

RECAPITULATION

The sight handicap, especially the blindness,
generates specific kind of locomotion with
characteristic bending of body, treading on whole foot,
short steps etc. (Dziedzic, 1980). It creates, among
other things, characteristic anterior and backward
curvatures of spine. Sport activity by playing sport
games influences the values of the curvatures in sagittal
plane only in small part. However the effect of sport
activity in lowering the values of spinal curvatures in
frontal plane (scoliosis) was fully confirmed in our
study. The strengthen of muscle corset by constant
motor exercises in the course of training process and
during sport competitions decrease distinctly the lateral
spinal curvatures. Some decreasing of lateral curvatures
of vertebral column is visible in control groups too. It
is due to the participation of them in common lesson
of physical education, correction gymnastics or
swimming in a pool. The moves of body performed by
players during sport matches and training are
characterised by considerable dynamics, slipping aside
from kneeling or standing position are executed very
often. Results of our study confirmed the distinct
influence of such moves upon the magnitude of the
lateral curvatures of spine.

CONCLUSIONS

1. Playing sport games influence an improvement of
posture of body.

2. An improvement of posture of body refers mainly
to decreasing of lateral spinal curvatures both in
blinds and people with dimness of vision.

3. It seems that the sport team games cause the
changes in spinal curvatures in sagittal plane only
to small extent, because such curvatures are fixed
by kind of carriage of visually impaired in their
everyday life.

4. Most frequent type of posture in blinds is the
lordotic, while in people with dimness of vision the
balanced one appears mostly often. Due to the
analysed groups were rather small this result has to
be verified on a larger sample.
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VLIV KOLEKTIVNÍCH SPORTŮ
NA DRŽENÍ TĚLA U OSOB NEVIDOMÝCH

A OSOB SE ZBYTKY ZRAKU
(Souhrn anglického textu)

Poškození zraku, zvláště u osob nevidomých, má
vliv na jejich způsob pohybu s charakteristickým před-
klonem těla, našlapováním celým chodidlem, krátký-
mi kroky atd. (Dziedzic, 1980).

Projevuje se to mezi jiným v zakřivení páteře
v sagitální rovině. Sportovní aktivity jako sportovní
hry olivňují velikost zakřivení páteře v sagitální rovině.
Ve výzkumu byl výrazně potvrzen efekt vlivu na za-
křivení v rovině frontální. Posilování svalového korze-
tu a pohybová cvičení během sportovního tréninku
a závodů výrazně zmenšují velikost laterálního za-
křivení páteře u sportovní skupiny, a to ve větší míře
než v kontrolní skupině.

Jistá náprava držení těla souvisí s účastí na hodi-
nách tělesné výchovy, korekční gymnastice nebo pla-
vání. Pohyby těla hráčů během tréninku nebo zápasu
charakterizuje velká dynamika přechodů ze stoje do
kleku. Výsledky výzkumu potvrdily výrazný vliv pohy-
bu tohoto druhu na velikost laterálního zakřivení pá-
teře.

Klíčová slova: sport postižených, kolektiv, kolektivní sporty
(rollball, torball, goalball), skolióza, typologie držení těla.
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Name of the contribution, names of its authors,
workplace, date of handing in the contribution, summary of
the text in English, keywords.

Text of the contribution

Names of individual chapters are to be written in capital
letter from the left margin. References to quoted authors
see a brief from the FTK UP publication manual.

Epilogue of the contribution

A reference summary, (see a brief from the FTK UP
publication manual), address of the main author, summary
including the keywords.

Tables, pictures, graphs, appendices

To be written on separate pages. A table is to be marked
as TABLE 1 with its name below, write on the left margin
above the table (the same applies for appendices). A picture
is to be marked as Fig. 1, write from the left above the
picture (the same applies for a graph).

We look forward to our further cooperation.

Doc. PhDr. Vlasta Karásková, CSc.
Executive Editor

Doc. MUDr. Pavel Stejskal, CSc.
Chairman Editorial Board

Address: Palacký University
Faculty of Physical Culture
tř. Míru 115
771 11 Olomouc
Czech Republic

Phone: 420-68-5636357
E-mail: aupo@ftknw.upol.cz

POKYNY PRO PŘÍPRAVU RUKOPISU
DO SBORNÍKU ACTA UPO GYMNICA

Časopis Acta Universitatis Palackianae Olomucensis Gym-
nica je nezávislý odborný časopis. Svým obsahem je zaměřen
na presentaci původních výzkumných sdělení a teoretických
studií, které se vztahují k vědecké problematice kinantropo-
logie. Redakce vítá všechny rukopisy zpracované v tomto
duchu.

Obecné pokyny

Text příspěvku v jazyce českém (1×) odevzdejte laskavě
výkonnému redaktorovi. Na základě doporučující recenze
upraví autor příspěvek k publikaci.

Text příspěvku je v jazyce anglickém. Rozsah příspěvku
je max. 15 stran (včetně tabulek, obrázků, souhrnu a příloh).
Souhrn je v jazyce českém max. 1 strana.

Odevzdává se text v editoru Word na disketě a 1× výtisk
textu.

Všechny příspěvky jsou anonymně recenzovány.

Úvod příspěvku

Název příspěvku, plná jména autorů, pracoviště, datum
odevzdání příspěvku, krátký souhrn textu, klíčová slova.

Text příspěvku

Názvy jednotlivých kapitol velkými písmeny píšeme zleva.
Odkazy jen na citované autory, uvedené v referenčním
seznamu.

Závěr příspěvku

Referenční seznam, adresa hlavního autora, souhrn
v češtině, včetně názvu a klíčových slov.

Tabulky, obrázky, grafy, přílohy

Píšeme na samostatné stránky. Tabulku označíme
TABLE 1 a pod ní název, píšeme zleva nad vlastní tabulku
(podobně přílohy). Obrázek značíme Fig. 1 a pod něj název,
píšeme zleva nad obrázek (podobně graf.).

Děkujeme Vám za spolupráci.

Doc. PhDr. Vlasta Karásková, Csc.
výkonný redaktor

Doc. MUDr. Pavel Stejskal, Csc.
vědecký redaktor

Adresa: Univerzita Palackého
Fakulta tělesné kultury
tř. Míru 115
771 11 Olomouc

Telefon: 068-5636357
E-mail: aupo@ftknw.upol.cz
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