HUMAN

MOVEMENT

formerly

Cztowiek i Ruch (Human Movement)

vol. 9, number 1, 2008



Akademia Wychowania Fizycznego we Wroctawiu (University School of Physical Education in Wroctaw)
Akademia Wychowania Fizycznego im. Eugeniusza Piaseckiego w Poznaniu (University School of Physical Education in Poznan)

HUMAN MOVEMENT
formerly Cztowiek i Ruch (Human Movement)
vol. 9, number 1, 2008, pp. 1-88

Editor-in-Chief Ryszard Panfil
University School of Physical Education, Wroctaw, Poland

Associate Editor Wiestaw Osinski
University School of Physical Education, Poznan, Poland

Editorial Board

Tadeusz Bober University School of Physical Education, Wroctaw, Poland
Jan Celichowski University School of Physical Education, Poznan, Poland
Tadeusz Koszczyc University School of Physical Education, Wroctaw, Poland
Stanistaw Kowalik University School of Physical Education, Poznan, Poland
tucja Pilaczynska-Szczes$niak University School of Physical Education, Poznan, Poland
Marek Zaton University School of Physical Education, Wroctaw, Poland

Advisory Board

Wojtek Chodzko-Zajko University of lllinois, Urbana, lllinois, USA

Charles Corbin Arizona State University, East Mesa, Arizona, USA

Gudrun Doll-Tepper Free University, Berlin, Germany

Jozef Drabik University School of Physical Education and Sport, Gdansk, Poland
Kenneth Hardman Manchester University, Manchester, United Kingdom

Andrew Hills Queensland University of Technology, Queensland, Australia
Zofia Ignasiak University School of Physical Education, Wroctaw, Poland
Slobodan Jaric University of Delaware, Newark, Delaware, USA

Toivo Jurimae University of Tartu, Tartu, Estonia

Han Kemper Vrije University, Amsterdam, The Netherlands

Wojciech Liponski University School of Physical Education, Poznan, Poland

Gabriel Lasinski University School of Physical Education, Wroctaw, Poland
Robert Malina Tarleton State University, Stephenville, Texas, USA

Melinda Manore Oregon State University, Corvallis, Oregon, USA

Philip E. Martin Pennsylvania State University, State College, Pennsylvania, USA
Joachim Mester German Sport University, Cologne, Germany

Toshio Moritani Kyoto University, Kyoto, Japan

John S. Raglin Indiana University, Bloomington, Indiana, USA

Roland Renson Catholic University, Leuven, Belgium

Tadeusz Rychlewski University School of Physical Education, Poznan, Poland

James F. Sallis San Diego State University, San Diego, California, USA

James S. Skinner Indiana University, Bloomington, Indiana, USA

Jerry Thomas lowa State University, Ames, lowa, USA

Karl Weber German Sport University, Cologne, Germany

Peter Weinberg Hamburg University, Hamburg, Germany

Marek Wozniewski University School of Physical Education, Wroctaw, Poland
Guang Yue Cleveland Clinic Foundation, Cleveland, Ohio, USA

Wiladimir M. Zatsiorsky Pennsylvania State University, State College, Pennsylvania, USA
Jerzy Zotadz University School of Physical Education, Krakéw, Poland

Translation: Tomasz Skirecki, Agnieszka Liwosz
Design: Agnieszka Nyklasz
Copy editor: Typoscript: Barbara Brzezicka, Anna Noga-Grochola
Proofreading: Halina Marciniak

Indexed in: SPORTDiscus, Index Copernicus, Altis, Sponet

© Copyright 2008 by Wydawnictwo AWF we Wroctawiu

ISSN 1732-3991
http://www.awf.wroc.pl/hum_mov

Editorial Office
Secretary: Dominika Niedzwiedz
51-684 Wroctaw, ul. Mickiewicza 98, Poland, tel. 071 347 30 51
hum_mov@awf.wroc.pl
Print: Agencja Reklamowa i Drukarnia KONTRA
Circulation: 150



HUMAN MOVEMENT
2008, vol. 9 (1)

CONTENTS

Bditorial .. ..o 4

Ken Hardman
The situation of physical education in schools: a European perspective .......... ... . ... ... ... ... ... ..... 5

Ales Suchomel, Dagmar Sigmundova, Karel Fromel
The role of physical activity in the lifestyle of the inhabitants of the Liberecregion ............................... 19

Pawet F. Nowak, Zofia Ignasiak
The state of health of women aged 20-59 at different levels of physical activity ............ ... ... ... ... ... 27

Panagiotis Tsaklis, Johanna E. Karlsson, Wilhelmus J. Grooten, Bjorn O. Ang
A combined sensorimotor skill and strength training program improves postural steadiness
in rhythmic sports athletes . . ... . ... . 34

Piotr Basta, Anna Skarpinska-Stejnborn, Lucja Pilaczynska-Szczesniak
Influence of annual training cycle on threshold power and reaction of blood antioxidative stress indices during

astandard rOWIng test . . . ... e 41
Malgorzata Grabara
Influence of football training on alignment of the lower limbs and shaping of thefeet . ......................... ... 46

Jacek Gracz, Helena Eleganczyk-Kot, Matgorzata Walczak
Stimulation demand in skiers versus skiing training results ........ ... ... . ... .. L 51

Andrzej Szwarc
The efficiency model of soccer player’s actions in cooperation with other team players at the FIFA World Cup . .. . ... 56

Katarzyna Krych, Anna Gozdzicka-Jozefiak
Doping in sport: new developments . . . ... ... 62

Book reviews

R. Panfils Coaching uzdolnionego gracza (Coaching of a talented player) . ........ ... ... ... .. ... ... oo, 76
CONTRIEIICE TEPOTLS . . . . oot ettt et ettt e e e e et e e e e e e e e e e e e e e e e e e e e e e e e e e e 79
Competition of research papers on Physical Education Teaching for Prof. Bogdan Czabanski’s Award ................... 81

The International Congress of the Polish Society of Biomechanics BIOMECHANICS 2008

Biomechanics in Sport, Medicine and Physiotherapy . ........... ... i 82
Regulamin publikowania prac — Instructions for Authors . . .......... ... e 83
Zasady prenumeraty czasopisma Human Movement — The rules of subscribing the Human Movement journal . . ........... 87



HUMAN MOVEMENT
2008, vol. 9 (1)

EDITORIAL

The present volume of Human Movement deserves
particular attention as it contains a broad spectrum of pa-
pers from all significant fields of physical culture, includ-
ing physical education and sport. The first group of arti-
cles includes various cross-sectional studies on social and
educational aspects of human movement.

The paper “The situation of physical education in schools:
a European perspective” presents a thorough analysis of
physical education systems in European schools. The re-
view of physical education in Europe is marked by ‘mixed
messages’ with indicators of stabilization in some countries
juxtaposed between positive, effective policy initiatives in
other countries and reticence or little political will to act and
continuing concerns in others. There are apparent deficien-
cies in provision, specifically in curriculum time allocation,
subject status, financial, material (inadequacies in facility
and equipment supply) and human resources, the quality of
the physical education curriculum and its delivery as well as
the extent of efficacy of beyond school networks. The crux
of the situation is that there is a gap between promise and
the reality. Another interesting paper “The role of physical
activity in the lifestyle of the inhabitants of the Liberec re-
gion” aims to characterize physical activity and physical in-
activity of the inhabitants in the Liberec region in their
common life. These observations point to the necessity to
increase knowledge about the negative impacts of inactive
behavior and emphasize the advantages of performing reg-
ular physical activity along with the need to establish condi-
tions that would contribute to physical activity performance.
The following article “The state of health of women aged
20-59 at different levels of physical activity” is an assess-
ment of the state of health of population using positive indi-
ces, which is crucial for health promotion. The study focus-
es on the levels of somatic growth and physical fitness of
adult women living in small towns and on their dependence
on physical activity. Systematic physical activity of two 50-
min training units per week is an essential stimulation of
women in productive age.

The following group of articles consists of experimen-
tal studies in sport concerning the effectiveness of training
stimuli affecting mental, psychomotor and physical spheres
of athlete’s personality. The article “A combined sensorim-
otor skill and strength training program improves postural
steadiness in rhythmic sports athletes” shows that the
present-day sensorimotor skill and strength training pro-

grams point to short-term improved postural steadiness in
rhythmic sports athletes. Exercises that specifically em-
phasize somato-sensory and back strength aspects of train-
ing for postural steadiness may be efficiently integrated
into training routines. The next article discusses the results
of a study of the impact of an annual training cycle of
young rowers on the threshold power and changes in their
blood antioxidative stress parameters. It was observed that
the training cycle did not affect significantly the increase in
the threshold power, but it lowered the level of post-exer-
cise TBARS and increased the SOD activity at rest. An-
other study focuses on the influence of soccer training on
the positioning of legs and feet resulting from excess
straining of lower limbs, particularly the dominant leg,
wearing soccer footwear and performing movements char-
acteristic of soccer. The last paper on sports aspects of
physical culture is the article “Stimulation demand in ski-
ers versus skiing training results.” The results of this study
indicate that skiers — regardless of their sex — reveal a high
level of stimulation needs of thrill and adventure seeking.
The correlation between stimulation demand and success
in skiing training was shown to be statistically significant.

The last two papers in the volume concern soccer effi-
ciency models: “The efficiency model of soccer player’s
actions in cooperation with other team players at the FIFA
World Cup”, and current problems of doping in sport:
“New prospects of doping.”

We truly hope that the articles in the current issue of
Human Movement will attract the interests of the entire
physical culture community and will become inspiration
to further research and scholarly debate.

As my term as Editor-in-Chief of Human Movement
expires I would like to express my warmest thanks to all
the Authors for their high-quality contributions to our
journal reporting on the results of their invaluable re-
search. My word of thanks also goes to the Members of
the Editorial Board for their help and commitment in
making Human Movement a truly interdisciplinary re-
search journal. My special thanks go to all Reviewers for
their thorough, often critical, but always straight-to-the-
point reviews of submitted papers. The passionate com-
mitment of Reviewers and Editors makes the prospects of
formal inclusion of Human Movement into the world sys-
tem of scientific information highly optimistic. I wish the
successive Editor-in-Chief all the best.
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ABSTRACT

Physical Education (PE) in Europe has evolved from influences and initiatives, which have variously shaped national systems either
through assimilation or adaptation. As a geopolitical entity Europe is characterised by diversity, testimony to which are different and
various forms of structures and practices but there are some elements of congruence in concepts and delivery. Survey and other
research evidence indicates a perceived decline or marginalisation of PE in schools, particularly marked in the 1990s, which has
attracted attention of the Council of Europe and the European Parliament. In presenting the situational trends and tendencies of PE in
schools in the European region, this article draws from three European-wide surveys, a World-wide survey and an extensive literature
review including global and regional qualitative studies and national reports. In some countries, there are instances of well
implemented programmes and good practices. Equally, there is evidence to generate concern about the situation. The review of PE in
Europe is marked by “mixed messages” with indicators of stabilization in some countries juxtaposed between positive, effective
policy initiatives in other countries and reticence or little political will to act and continuing concerns in others. There are apparent
deficiencies in provision, specifically in curriculum time allocation, subject status, financial, material (inadequacies in facility and
equipment supply) and human resources, the quality of the physical education curriculum and its delivery as well as the extent of
efficacy of beyond school networks. The crux of the situation is that there is a gap between promise and the reality. The article
concludes with suggested strategies, underpinned by development of a “basic needs model”, to assist in converting “promises” into

“reality” and so secure a safer future for PE in schools.

Key words: physical education, status, policy, curriculum practices, strategies

Introduction

The story of Physical Education (PE) in Europe con-
tains a rich tapestry of influences and developments,
which have evolved from individual and/or “local” in-
stitutional initiatives with distinctive identities. These
initiatives have variously shaped, or contributed to
shaping, national systems either through assimilation or
adaptation. Taking evolutionary developments into ac-
count, it is unsurprising that different and various forms
of structures and practices are evident across Europe
and that the region as a geopolitical entity is character-
ised by diversity but with some elements of congruence
in PE and school sport concepts and delivery. Another
dimension to the developing PE tapestry in Europe was
the widespread perceived decline or marginalisation of
physical education in schools, particularly marked in
the 1990s and epitomised in the Loopstra and van der
Gugten survey [1] conducted on behalf of the European
Physical Education Association (EUPEA). This survey
indicated that whilst in some countries within the re-

gion, especially in central and eastern Europe, there had
been some encouraging developments, the subject ap-
peared to be under greater threat than it had been at the
beginning of the decade. Essentially, in most countries
there was (1) insufficient curriculum time for PE, espe-
cially for primary age groups and the 17-18 year age
group, which were well under the minimum; (2) the
quality of PE in most countries was not, or was insuffi-
ciently, controlled particularly so in primary schools
because of PE teacher education programmes with
a majority of countries reporting inadequate PE train-
ing for primary school teachers; and (3) an undervalu-
ing of the primary school phase for motor development
and motor learning. The survey concluded that in a ma-
jority of countries there was insufficient quality control
and that the political or educational decision-makers
were not overly interested in the quality of PE delivered
[1]. These and other issues and concerns (decreasing
curriculum time allocation, inferior status, lower in val-
ue and importance than other subjects, PE lessons can-
celled more often than so called “academic subjects”
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and resource deficiencies such as funding limitations
and impacts on, for example, swimming, which was be-
ing omitted from curricula in some countries, were
borne out in on-going analyses of national and interna-
tional documentation regularly reported by Hardman
[2-7], in a world-wide PE survey [8] and in a Council of
Europe commissioned survey [9] on the situation of PE
in schools in Member States, the findings of which
spawned a set of Ministerial Recommendations [10] on
policy principles designed to remedy the school PE and
sport situation in the region. Since the Council of Eu-
rope Recommendations, the developments in school PE
policies and practices in Europe have been diverse with
a plethora of positive initiatives juxtaposed with evi-
dence to generate continuing disquiet about the situa-
tion. It was such disquiet at a time of widespread in-
creasing levels of obesity and numbers of overweight
children and young people, concomitant rises in seden-
tary lifestyle-related illnesses and high adolescent drop-
out rates from sporting activity inter alia that prompted
the European Parliament to engage (2006) in a study of
the situation of PE in schools and its prospects in the
then 25 and 2 acceding Member States. Specifically, the
European Parliament’s Committee on Structural and
Cohesion Policies, Culture and Education section
sought data on subject status, curriculum aims, delivery
and content, quality PE criteria, responsible authorities,
PE curriculum time allocation, status of PE teachers
and teacher qualifications, material resources (facility
provision and finance), inclusion issues related to disa-
bility, ethnic/religious groups and girls, case studies’
information on links with/between health and school
sport, pathways to participation in the wider communi-
ty, the training of PE teachers (PETE) including initial
and in-service training (INSET)/continuing professional
development (CPD) and policy recommendations'.

In presenting the situation of PE in schools in the
European region, this article draws from the Council of
Europe’s 2002 commissioned survey [9], a semi-struc-
tured questionnaire instrument administered (2005)
through the Council of Europe Committee for the De-
velopment of Sport (CDDS) unit with responses from
representative government level agencies; a semi-struc-
tured “update” questionnaire distributed to recognised
PE “experts” (2006) and administered in the 27 Euro-

! The European Parliament (EP) Project Report can be accessed via
the EP website at: http://www.europarl.europa.cu/activities/expert/
eStudies.do?languages=EN

6

pean Union States to inform the European Parliament’s
2006-2007 funded study project [11], an on-going analy-
sis of European data? extracted from of a North West-
ern Counties Physical Education Association and Uni-
versity of Worcester supported and UNESCO, WHO
ICSSPE endorsed Follow-up World-wide Survey un-
dertaken by Hardman and Marshall (2005-2007) and
an extensive literature review including qualitative
studies of PE in global [12] and European [13] contexts
and Reports, e.g. the German Sport Confederation
“Sprint” Study [14].

At the outset, it is necessary to acknowledge poten-
tially problematic issues surrounding validity and relia-
bility of data generated from questionnaires, especially
in terms of nature and size of samples. Nevertheless, in
themselves these data do provide an indication of trends
and tendencies as well as reveal some highly specific
situations. Caution in interpretation is to a large extent
alleviated by forms of triangulation embracing the
range of questionnaire samples’ sets, interviews, the re-
view of research-related literature, including qualitative
national studies, case and project studies undertaken
and submitted by experts in the respective fields. Such
forms of triangulation serve to underpin the question-
naire-generated data and bring a higher degree of valid-
ity and reliability to the content of the article.

The general situation of physical education
in schools

Within the general education system, all countries in
the region have legal requirements (or it is generally
practised) with either prescriptive or guideline expecta-
tions for PE for both boys and girls for at least some part
of the compulsory schooling years. In a majority of
countries, national governments have at least some re-
sponsibility for the PE curriculum. In some countries
there are joint and multiple (national, regional, local and
school) levels of responsibility. Responsibility in some
countries lies at two levels and where decentralised
forms of government are constituted, responsibility is
essentially at regional level as in, for example, the Bel-
gian Flemish and French “Language Communities”, in
the 16 Lander of the Federal Republic of Germany and
in the autonomous regions of Spain. Across Europe and

2 The data include collated semi-structured questionnaire respon-
ses from PE teachers, administrators, government level representa-
tives and experts in the field.
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particularly in EU countries, administrative and deliv-
ery responsibility is frequently devolved to local au-
thorities or even individual schools. Legally, PE has the
same status as other subjects in some 90% of countries
but its actual status is perceived to be lower in 34% of
countries. Thus, its status may be equal in law but may
not actually be matched in practice, a not untypical il-
lustration of which is seen in a Portuguese teacher’s ob-
servation that “...It (PE) can be considered compulsory
in the 1% cycle, but, many times it is not taught”. Moreo-
ver, designation of a subject as “foundation” or “subsidi-
ary” implies a lower hierarchical status position than
“core” or “principal” “or main” and in any event, PE is
allocated less time in the curriculum than other subjects
such as language, mathematics and science. Data related
to the issue of implementation are confusing: on the one
hand in 85% of countries, the PE curriculum is claimed
to be implemented in accordance with regulations but
on the other hand, nearly one third of countries indicate
that its subject status is inferior and that PE classes are
cancelled more often than other subject classes. There is
a lower perception of PE teacher status than other sub-
ject teachers in over 20% of countries.

Physical education curriculum time allocation

Across Europe, there was a gradual erosion of school
PE time allocation throughout the 20" century. Den-
mark experienced reductions from 7 to 4 lessons in
1937, 4 to 3 in 1958 and 3 to 2 in 1970, now it is 1-3 les-
sons (usually 2, but 3 in grades 4—6) [15]. In Sweden the
daily provision in 1900 has shrunk to 1-2 lessons in Ba-
sic Schools [16] and Sollerhed [17] reported a reduction
from 3 to 1 hour per week in the 1990s and cancellation
of school sport days; however, in 1999, annual PE and
Health “clock hours increased from 460 to 500 clock
hours, 1.e. 2x50 min” each week. In France the number
of lessons was reduced from 5 to 3 in 1978 [18]; and in
Greece reductions of PE time allocation occurred in the
1990s [19]. In former “socialist bloc” countries in central
and eastern Europe, the erosion in time allocation has
been more confined to post-1990 political reforms. In
Hungary for example the former 4-5—-6 PE hours per
week-staged model in the 1980s has been replaced by
a 2/3-1.5/2—1 hours per week-staged model. Over the
decade after the (re)-unification of the two Germanys in
1990, Helmke and Umbach [20] indicated reductions as
high as 25% in PE timetable allocation in all class stages
(except class 4) in the Federal Republic of Germany.

During the last decade, many European countries
have undertaken educational reforms. Whilst it is en-
couraging to see that PE has remained compulsory or is
generally practised in all countries and that time alloca-
tion has increased in just 16% of countries and remained
the same in 68% of countries, in 16% of countries it has
actually been reduced. The latter is epitomised by an
Irish PE teacher’s comment that “PE is being squeezed
out of the education system by more and more compul-
sory academic courses... which hold little benefit com-
pared to PE”.

The issue of time allocation is generally complicated
(1) by localised control of curricular timetables, which
vary considerably between schools and especially in
those countries where responsibility for delivery of the
curriculum has been divested to individual schools, and
(2) practices of offering options or electives, which pro-
vide opportunities for additional engagement in PE
and/or school sport activity. “Uptake” by pupils of such
opportunities can vary within, and between, countries
and not all pupils take advantage of any such extra pro-
vision. Whatever, the options/electives available may be
included in curriculum time allocation indicated in
some countries’ survey responses and, therefore, may
not accurately represent the actual prescribed or ex-
pected time allocation for all pupils. Thus, a cautionary
note is necessary here because data for some countries
do include additional optional or elective lesson hours
and hence, provide some distortion of the actual situa-
tion in at least some schools in those countries where
additional opportunities exist. “Triangulation” of cur-
riculum policy documents, survey data and qualitative
data derived from literature [see especially 12, 13] pro-
vide a scenario of policy prescription or guidelines not
actually being implemented in practice for a variety of
reasons. Geographically representative examples illus-
trate the point. In Austria there is a standard number of
lessons but school autonomy prescribed by national
Law 283/2003 produces variations and PE can, and in
some schools does, give way to other subjects: the
standard allocation of 3—4 lessons in secondary schools
has been effectively reduced to 2 in lower secondary
and 1 in upper secondary levels [21, 22]. In Bulgaria,
some reductions are occurring as a result of increased
time allocation to foreign language studies, further-
more, there are variations on the duration of lessons be-
cause they are determined by school staff, hence some
schools offer less PE lesson minutes per week than oth-
ers. In Cyprus, the 2x40 min lessons in primary schools

7
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are “often abandoned when time is required for the
main school subjects such as maths and language” [23].
In the Czech Republic, the third lesson in primary
schools is frequently cancelled or has not been even in-
cluded in the curriculum [24]. According to the curricu-
la in most German Lander, time allocation for school
PE is between two and three lessons per week (i.e. be-
tween 90 and 135 min per week). The results of the
Sprint Study [14] show that there is a wide gap between
policy and practice. In the secondary general schools
(Hauptschule), differences exist between the demands
of the curriculum and PE lessons that have been given
with 2 hours per week instead of 3 hours, that is 33% of
lessons are cancelled [25]. In Ireland despite a recom-
mended 60 min per week, PE is not provided in all pri-
mary schools, quality of provision varies and research
shows the average amount of time ranges from 12 to 60
min and 75% classes have less than 30 min; at post-pri-
mary level, 120 min are recommended (90 min is seen
as a minimum but many schools offer less), however,
there is a progressive reduction from 75 min (year 1) to
57 min (year 6) [26, p. 386]. In Lithuania, even though
there is a legal basis, “it is difficult to put regulations
into practice” [27, p. 445]; the School Boards decide PE
hours (obligatory and supplementary); the 1995 Law on
PE and Sports stipulated 3 lessons but only 26% achieve
this in classes 1-4, moreover, 38.9% do not have a third
lesson; fewer than 10% schools comply with the 1995
Act for 3 lessons [27, p. 445]. In the Netherlands, there
is no specific prescription but there is an average of 90
minutes per week with considerable differences because
head teachers determine actual time allocations; addi-
tionally facilities represent a considerable problem and
present provision makes it difficult or impossible to re-
alise prescribed attainment goals [28]. In Portugal,
teacher’s autonomy brings variations to the 3x30 min
lessons allocated and only a minority of primary schools
have the opportunity to benefit from PE classes [29, p.
556]. Since 2001 in Sweden, an increase in time alloca-
tion has occurred and two hours of additional options
are popular but for more athletically talented children;
schools may be designated as special profile schools
(so-called “The School Choice”) and sport can be “the
profile...(one) outcome of the various tracks means
prevalence of differences in allocated hours: in Basic
Schools, the 1-2 lessons (80—100 min) can be increased;
25% have done this but 50% haven’t and 24% have de-
creased” [16, p. 611]. Pervasive throughout the EU re-
gion is the low priority accorded to PE in Vocational

8

Schools, where usually minimal provision is reported
[8,9, 12, 13, 30, 31].

Despite national policy concerning required, pre-
scribed, recommended or aspirational guidelines, local
levels of actual control of curriculum time allocation
give rise to variations between schools and, therefore,
difficulties in specifying definitive figures for a country
or region. However, some general tendencies are identi-
fiable. In primary/basic school years, weekly timetable
allocation for PE across Europe is 109 min (range of
30—-240 min) with clusters around 60 and 90 min and in
secondary and high schools 101 min (range of 45-240
min) with a cluster around 90 min: there is a gradual
“tailing off” in upper secondary (high) schools (post
16+ years) in several countries and optional courses be-
come more evident. The figures represent a worrying
trend of decreasing time allocation since 2000 when
figures were higher with an average of 121 min in pri-
mary schools and 117 min in secondary schools [8] and
this despite international advocacy supported by an
overwhelming medical, scientific, economic, social and
cultural case for adequately timetabled PE programmes
and plans in some countries to introduce an entitlement
of at least 120 min per week.

Physical education curriculum issues

An issue which is becoming significant in an in-
creasing number of countries is that of the relevance to
the outside-school world and quality of PE curricula.
Within the context of educational reforms, associated
philosophical and pedagogical changes, and in response
to the obesity epidemic and concepts of active lifestyles
in lifelong learning contexts, some curricular changes
are now occurring in some parts of the region and some
shifts in PE curricular aims and themes are evident with
signs that the purpose and function are being redefined
to accommodate broader lifelong educational outcomes
including healthy well-being. Nevertheless, there re-
mains an orientation towards sports-dominated compe-
tition- and performance-related activity programmes as
seen in the proportion of time devoted to games, track
and field athletics and gymnastics, which collectively
account for over 70% of PE curriculum content in both
primary and secondary schools (Tab. 1). Such orienta-
tion runs counter to societal trends outside of school
and raises issues surrounding meaning and relevance to
young people’s lifestyles as well as quality issues of
programmes provided and delivered. What is, however,
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Table 1. PE curriculum activity areas

Primary Schools

Secondary Schools

Activity Area

Countries %

Curriculum % Countries % Curriculum %

Games
Gymnastics
Dance

Swimming
Outdoor adventure
Track & Field
Other

97
97
80
80
71
94
51

41
17
78
7
4
14
9

100 42
100 13
74 5
74 6
69 7
100 17
63 10

Percentage (%)

Percentage (%)

25.001

20.004

15.001 -

10.00

5.00

0.00-

Motor skill development
Personal and social
development
Healt-related fitness
Active lifestyle

Moral development

Enjoyment

Sport skill development

. Primary

Secondary

Theory of sport

Figure 1. PE curriculum thematic aims

Aethetic/expressive

100.00-

80.00

60.00

40.00

20.004

0.00-

T
Games Dance

T
Outdoor

Other
adventure
Gymnastics Swimming Track&Field

Figure 2. Primary curriculum activities taught across
the EU countries

also evident, is increasing attention devoted to quality
physical education (QPE) programmes.

From examination of thematic aims of PE curricula,
it is possible to discern a number of patterns. These pat-
terns are shown in Fig. 1, which reveals an orientation
primarily to the development of motor skills (24% and
21% in primary and secondary schools respectively)
and when added to the refinement of sport-specific
skills represents a significant component of thematic
aims.

The trend towards including broader lifelong educa-
tional outcomes is evident in the importance of PE in
developing health-related fitness (15% of both primary
and secondary schools’ curricula) as well as promoting
active lifestyles (12% and 14% of primary and second-
ary schools’ PE curricula respectively). Substantial rec-
ognition is also apparent in PE’s contribution to promot-
ing a pupil’s personal and social development (22% and
24% of primary and secondary schools’ curricula re-
spectively and moral (9% and 3% of primary and sec-
ondary schools’ PE curricula respectively). However,

100.00

80.004

60.00

Percentage (%)

40.00

20.004

0.00-

| 1
Games Dance QOutdoor Other

adventure
Gymnastics Swimming Track&Field

Figure 3. Secondary curriculum activities taught
across EU countries
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50.00+

40.00~

30.00+

20.00-

Percentage (%)

10.00

0.00-
Excellent Good  Adequate Below Inadequate
average

Figure 4. Assessment of the quality of facility provision

curricular activity areas in EU countries (see Fig. 2, pri-
mary schools, and Fig. 3, secondary schools) reinforce
the predisposition to the performance sport discourse
mentioned earlier: primary and secondary schools have
a predominantly Games (team and individual) orienta-
tion followed by Track and Field athletics and Gymnas-
tics. Games and Gymnastics feature in all countries in
both primary and secondary schools and they are close-
ly followed by Track and Field athletics in 88% coun-
tries (primary schools) and 94% countries (secondary
schools).

The proportion of time devoted to each activity area
in EU countries is shown in Fig. 2 and 3. This is a situa-
tion which is not only seen in the content of curricula
but also in structures related to extra-curricular activity
and emphasis on school sport.

[lustrative examples underscore the sports discourse
emphasis: in Bulgaria, programme documents indicate
a broadly based curriculum but in practice PE content
covers only basketball and volleyball in secondary
schools; in Germany, from analysis of the content of PE
lessons, the Sprint Study (2006) reveals a traditional
sports discourse, which is also gendered with boys play-
ing football and basketball, doing track and field and
German Turnen, whilst girls are mainly confronted
with Turnen, volleyball, basketball and track and field
disciplines. This scenario of a discrepancy between
what the school offers and what the pupils are looking
for regarding sports-related activities is not untypical of
the situation in other countries hence, there is little won-
der that “drop out” of sport rates continues. For young
population groups, the traditional content of PE and/or
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Figure 5. Assessment of the quality of equipment

sports activity has little relevance to their lifestyle con-
text. Collectively, such “joyless experiences” [32] ac-
quired from unwilling engagement in competitive
sport-related PE are a “turn-off” and only serve to in-
crease the “drop-out” rate of participants from school-
based and post-school sports-related activity. If PE is to
play a valued useful role in the promotion of active life-
styles, it must move beyond interpretations of activity
based upon performance criteria: its current frame of
reference should be widened. The preservation of PE in
its old state is not the way to proceed; it is time to move
into the 21 century!

Monitoring of PE

Marked variations are evident in monitoring PE in
schools. They vary from regular to irregular or random
or not defined. Inspection of PE is a legal and generally
practised requirement in around 70% of countries.
Countries in which inspections are not undertaken in-
clude Denmark, Finland, Germany, Hungary, Lithuania
and Malta. In Cyprus, Italy and Poland there are intima-
tions of a difference between official and actual imple-
mentation realities. In Ireland, Luxembourg, Portugal
and Slovakia, inspections are not a legal requirement.
Monitoring is variously undertaken by national inspec-
tors (50%), regional inspectors (25%), local inspectors
(8%), school head teachers (8%), or combinations of
two or more of these groups (9%). Frequency of moni-
toring varies from every 6 months to beyond every
5 years with a main cluster (31%) of annual monitoring.
The scope of monitoring embraces a range of aspects
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but predominantly the extent of curriculum implemen-
tation and quality of teaching, quality control and/or
advisory guidance are given as the reasons for monitor-
ing in over 90% of countries where this occurs.

Resources
Facilities and equipment

A pervasive feature of concern is related to quality
and quantity of provision of facilities and equipment
because levels of provision can detrimentally affect
quality of physical education programmes. Around one-
third of countries indicate below average/inadequate
quality of facility (Fig. 4) and equipment provision (Fig.
5).

Additionally, nearly half of countries have limited/
insufficient quantity of facilities (Fig. 6) and two-fifths
of countries have limited/insufficient quantity of equip-
ment (Fig. 7).

There is a marked geopolitical differentiation in
quality and quantity of facilities and equipment in Eu-
rope. In the more economically prosperous northern
and western European countries, quality and quantity
of facilities and equipment are regarded as at least ade-
quate and in some instances excellent; in central and
eastern European countries inadequacies/insufficiencies
in both quality and quantity of facilities and equipment
are prevalent. Hence, there is an east-west European di-
vide with central and eastern European countries gener-
ally far less well endowed with facilities and equipment,
perhaps typically represented in a Serbia-Montenegro
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Figure 7. Assessment of the quantity of equipment provision

government official’s observation that ...Quality of fa-
cilities is below average and quantity of equipment is
limited”. Transcending this east-west divide is the view
that in 67% of countries, there are problems of low lev-
els of maintenance of existing PE sites and whilst there
are higher expectations of levels and standards of facili-
ties and equipment in more economically developed
countries, even here there are indicators of inadequacies
and shortages in facilities and equipment as one PE
teacher in otherwise generally well resourced England
affirms: “...Quantity and quality of EQUIPMENT is
very poor. ... Damaged equipment is used frequently;
quality and quantity of facilities is very poor; and facili-
ties inadequate or poorly maintained”.

PE teaching personnel

Across the region, the quality of teacher preparation
for PE is variable and there are examples which suggest
lack of commitment to teaching as well as pedagogical
and didactical inadequacies in some countries. As pre-
vious research [see 9] has also shown, generally
throughout Europe, PE teaching degree and diploma
qualifications are acquired at universities, pedagogical
institutes, national sports academies or specialist PE/
Sport institutes. For primary school teaching, qualifica-
tions tend to be acquired at pedagogical institutes and
or universities, whilst for secondary school teaching,
qualifications are predominantly acquired at university
level institutions, including specialist Academies and
Faculties. In approximately half of the countries, PE/
sport teacher graduates are qualified to teach a second
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subject at least. A common scenario (94% of countries)
is qualified “specialist” PE teachers at secondary level,
(though some German Linder and Hungary indicate
that, in practice, some generalists are also employed to
deliver PE) and “generalist” teachers at primary/
elementary level (85%); some countries (67%) do have
specialist physical educators in elementary (primary)
schools, but the variation is wide and there are marked
intra-regional differences. In some countries, the gener-
alist teacher in primary schools is often inadequately or
inappropriately prepared to teach PE, especially as
minimal hours may be allocated for PE teaching initial
training (in some higher education institutions in Eng-
land, for example, this can be as low as 810 contact
hours). The former point is well illustrated in Germany
by the Sprint Study [14]: in order to teach PE in schools,
the successful completion of a PETE programme and
the associated qualified teacher status (according to the
specific type of school) are prerequisites for all teach-
ers; the reality in schools reveals a different picture be-
cause whilst 80% of all state qualified teachers who
teach PE lessons have a PE subject degree qualification,
every fifth teacher has no formal qualification in the
subject; with regard to different school types, the prob-
lem is more salient in primary schools (Grundschule),
where 49% of the teachers delivering the PE curriculum
have no specific education in PE subject matter; in the
different branches of the secondary school, the figures
of formally unqualified teachers decrease considerably
— Hauptschule (secondary general schools) 30%, Real-
schule (secondary modern schools) 11%, and Gymna-
sium (grammar schools) 2-3% [14].

In 63% of EU countries, there are opportunities for
in-service training (INSET)/continuing professional de-
velopment (CPD) but there are substantial variations in
frequency of provision, which ranges from free choice
through nothing specifically designated, every year,
every two years, every three years to every five years.
Duration of INSET/CPD also reveals differences in
practice between countries: those with annual training
range from 12 to 50 hours, from 3 to 25 days; biennial
and triennial training courses of 4 weeks; and five years
range from 15 days to 3 weeks or 100 hours over the
five year period. Annual INSET/CPD is indicated in
50% of countries, every 2 years in 15% of countries and
greater than two years in 35% of countries. No opportu-
nities or strictly limited provision are evident in Bul-
garia, Cyprus, Czech Republic, Finland, France,
Germany, Italy, Latvia, Lithuania, Luxembourg, Neth-
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erlands, Poland, Romania, Sweden)’. In some coun-
tries, inadequate promotional infrastructure and finance
can inhibit participation in INSET/CPD; a Swedish
physical educator reports “...Often I have to find in-
service training myself and I have also often to pay for
it with my own money”.

On a more positive note, there have been significant
developments in CPD in the form of European Master’s
programmes in Physical Education and Adaptive Physi-
cal Activity and in national professional development
programmes such as in England. CPD has a key role
raising and/or enhancing educational practices and
standards and yet, related data presented above show
that in some European States CPD can be irregular and
unstructured and in some cases may not even be availa-
ble or accessible and this despite the need for profes-
sional development as a continuous process throughout
a teacher’s professional career. In primary/elementary
schools in particular, where generalist practitioners are
often responsible for PE teaching, this represents a po-
tential problem. In such contexts, CPD is not only es-
sential but it also needs to be delivered with appropriate
expertise and with up-to-date content that is relevant to
practice.

In the light of AEHESIS* PE Area recommendations
pertaining to CPD, European-wide developmental chang-
es linked with democratisation processes, political in-
cluding intergovernmental agencies’ (Council of Europe
2002/2003 and European Parliament 2006/2007) inter-
ventions, increasingly widespread recognition of CPD
need and value for career development especially since
the Bologna Declaration, and emergence of various
pathway routes to qualification (linked with employa-
bility), an issue in terms of future directions within
CPD is consideration of revisiting the European PE
Master’s Programme.

3 Emboldened text denotes those countries where there is a discre-
pancy between survey responses.

4 As part of the post-Bologna process in harmonising Higher Edu-
cation provision, an ERASMUS Thematic Network project was in-
itiated in October 2003 to “Align a European Higher Education
Structure in Sport Science” (the AEHESIS Project). Amongst other
initial objectives, the PE sector’s overarching aim “having in mind
the necessity of enhancing the process of recognition and European
integration of qualifications” was to formulate a model curriculum
for Physical Education Teacher Education (PETE), which could
have applicability across higher education institutions in Europe
involved with preparation of teachers and hence, represent a degree
of harmonisation within the context of the intention and spirit of the
Bologna Agreement.
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Financial issues

With increasing demands by a range of social insti-
tutions and services for financial support, prioritisation
of government financial resource investment occurs
and PE with its initial high capital costs of facilities and
recurrent maintenance, apparatus and equipment costs
can be an expensive enterprise. In European countries,
funding for school PE/sport provision emanates from
several sources: national government; regional/provin-
cial/local government only; joint national and regional/
local government; joint national, regional/local govern-
ment and other mainly private/commercial sectors.

The complexities of funding in education with na-
tional budgets and devolvement variously to regional,
local and even individual schools together with the add-
ed problems of disaggregating amounts invested in, or
expended on, PE and school sport render it difficult to
provide any definitive information on the financial re-
sources. However, from information derived from sur-
vey-generated data and supported by the literature [12,
13], it is possible to report on some aspects of PE fund-
ing for school PE and sport’. Over half of European
countries indicate reductions in financial support for PE
in recent years. Reasons given for this situation include
low status in relation to other subjects with minimal sig-
nificance not worthy of support, diversion of financial
resources to other subjects and areas of the school, ex-
pensive maintenance, low societal value in personal and
national development and perceived lack of academic
value of the subject, often linking this to the belief that
the subject is just another “play time” or recreational
experience. Such reductions have had, and continue to
have, consequential impacts on school PE and sport.

As already intimated in an earlier section, inade-
quate funding for facilities, equipment and their mainte-
nance and teaching materials is widespread in central,
eastern and southern Europe (Bulgaria, Czech Repub-
lic, Estonia, Greece, Hungary, Malta, Poland, Romania,
Slovakia and Slovenia): there is a shortfall of 600 gym-
nasia halls and facilities generally are not up to health
standards’ requirements in Hungary, where under-fund-
ing of extra-curricular activities is also evident. In the
Czech Republic, it is alleged that proclaimed objectives
cannot be fulfilled because of absence of funds, extra

3 Quotations in this section on Financial Issues have been drawn
from PE practitioners and academic experts in the domain of PE in
Europe. In the interests of confidentiality, names of sources have
been withheld.

activities have ceased and the third lesson usually is not
delivered because of lack of finance [33]. In Estonia
“one of the main problems is that the equipment is very
expensive. Also, most of the facilities require recon-
struction”. In Lithuania, (despite Article 38 of the Sports
Law), PE “is not sufficiently financed” and is reflected
in multi-class use of facilities (60—90 pupils) as well as
in a shortfall for teachers’ salaries (low PE teachers’
salaries are reported in Poland and Romania). In Po-
land, many extra-curricular lessons are cancelled be-
cause of lack of money to finance teachers/coaches; fi-
nance for PE is a low regional/local authority priority
and impacts negatively on facility provision (there is no
PE audit) — in 1999, 80% gymnasia did not conform to
regulations; “lack of financial resources has also led to
retreat from the Physical Culture and Sport Statute goal
of 225 min by 2000” [34]. In Slovakia there are “prob-
lems with lack of finances for maintenance of sports
facilities and for reconstruction and acquisition of new
sports materials. There are schools existing also without
sufficient sports facilities... there is a decrease of finan-
cial areas to PE; leave of PE teachers into other, better
paid areas; change of structure of pupils’ interest”.

Even in more economically developed western and

northern EU countries, there is teacher-based anecdotal
evidence to suggest deficiencies in provision due to in-
adequate or under-funding. Representative illustrations
include:

* Austria

— equipment shortfalls: “There is a very low budg-
et, the financial support for PE is limited; there
are big problems to buy new equipment”; “This
school has a low budget — therefore, the financial
support for PE is very limited; we annually col-
lect money from students to keep our equipment
up-to-date”

* Belgium (Flanders)

— In Flanders “financial support for physical edu-
cation is minimal”; “financial provision is less
than for other subjects (e.g. computer classes)”

— In Wallonia “financial support given to PE in
comparison to other subjects is very poor” and
“there is a lack of financial means allocated to
sport in schools”

* Finland

— “a decrease in educational resources (has) led to
larger PE classes and one impact of financial
constraints has been reduction of PE in lower
schools from 3 to 2.5 lessons per week”

13
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* Ireland
— facilities and teachers: “...Facility provision and
teachers employment are adversely affected by
financial constraints. Many schools have been
built with no indoor PE facilities”
o TItaly
— financial support: recurrent financial support is
reported as less in PE in comparison with other
subjects
*  Luxembourg
— financial support: “financial support to PE (is
seen as) poor supply compared to other subjects”
* Spain
— financial support: “financial support is inade-
quate; PE is a mistreated subject compared with
others — it received below average money”

The considerable financial investment of maintain-
ing, or gaining access to, swimming facilities exposes
this important component of the PE curriculum to can-
cellation of lessons or even omission from curricula in
many countries. Two examples will suffice to illustrate
the point: in Denmark, swimming was a compulsory
subject for all pupils, now ... Many communities tend
unfortunately to save the money. Today only 2/3 of all
pupils get adequate swimming lessons” (Swedish PE
teacher); and in the Netherlands, swimming was re-
moved from the curriculum because of “financial rea-
sons” (Dutch PE teacher).

As the above overview demonstrates, financial con-
siderations have had a number of impacts on school PE/
sport in Europe: failure to refurbish/reconstruct/replace/
maintain (out)dated and/or provide new facilities; short-
ages of equipment; inadequately trained teachers; em-
ployment of lower salaried unqualified teaching person-
nel; exit of physical educators to better paid jobs; reduc-
tions in numbers of PE lessons, timetable allocation and
extra-curricular sports activities; omissions of curricu-
lum activity areas and large class sizes. Part resolution
of inadequacies in facilities and equipment and mainte-
nance lies with wider community sharing of resources
through multi-purpose and use provision with schools
seen as one community entity in a wider community
setting. Such provision implies shared cross-sector
funding including operational and management costs.

The physical education environment

Within the PE environment, teacher networks exist
at schools’ level in most countries; municipal, region/
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county and national levels networks exist in around
70% of countries; less widespread are networks of PE/
sport teachers, sports clubs and other outside school
community providers. This is a situation which can be
summarised by apparent inadequate links between
school PE and the sports communities in some coun-
tries and regular co-operation in others. Voluntary links
between school PE and sport and wider community
physical activity are reported in only around 36% of
countries and, in total, direct school-community links
are indicated in only 51% of countries. There are sug-
gestions that many children are not made aware of the
multifarious pathways to out-of-school and beyond
school physical activity opportunities. Nevertheless,
varied and differentiated models linking school activity
with out-of-school activity do exist throughout Europe,
examples of which are: schools sport federations etc. in
France; extra-curricular and out-of-school sport in the
Czech Republic; integrated school-community and
sport club action projects in Sweden; PE, School Sport,
Club Links (PESSCL) in England, where the focus is on
links between school PE and sport in the wider commu-
nity; and the “one stop shop”; “Sport Service Punt”
scheme involving vested interest partners from public,
voluntary and education sectors in the Netherlands,
which provides an exemplar of a coherently implement-
ed multi-sector collaborative co-operation programme.
The school is the principal agent for initiation into
organized general public sport and is in a prime position
to eradicate excesses (drugs, aggression, violence,
money etc.) evident in the sporting spectacle. This fea-
ture has particular resonance in the light of PE in
schools no longer remaining a “stand alone” option in
the resolution of the healthy well-being, active lifelong
engagement in physical and sports-related activity con-
cerns of this early part of the 21% century. Professionals
and the large-scale European volunteer numbers alike
are necessary to the process of facilitating inclusive par-
ticipation. With more than 70 million members of sports
associations, the voluntary-based “Sport for All” move-
ment is one of Europe’s largest social movements. It is
served by millions of volunteers, who represent the
main resource of the movement and as national studies
[see 13] show, they form the “backbone” of sport asso-
ciations and clubs with around 10% of the 70 million
members serving as volunteer coaches, association
leaders, assistants etc. In Germany, for example, where
27 million people are members of sports clubs some 2.7
million serve as volunteers in over 90.000 sports clubs.
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Volunteerism in sport varies from country to country.
Highest levels of volunteerism tend to be located in
northern Europe and lowest levels in southern Europe
[35].

Conclusions

Arguably, the data provide a distorted continental
regional and individual national picture of PE in
schools, particularly where questionnaire responses are
based on policy principles and as such may mask the
truth about actual practice. However, what the various
surveys and literature review do reveal are congruent
features in several areas of school PE policy and un-
doubtedly in some specific areas of practice. It is clear
that in some countries there have been positive develop-
ments, which have contributed to an improved situation
in the status of school PE, and there are instances of fa-
vourably implemented programmes and good practices.
Equally there is evidence to generate sustained consid-
erable disquiet about the situation. Thus, the review of
the current situation of PE in Europe is marked by
“mixed messages” with indicators of stabilization in
some countries juxtaposed between positive, effective
policy initiatives in other countries and reticence or lit-
tle political will to act and continuing concerns in oth-
ers. Many governments have committed themselves
through legislation to making provision for PE but they
have been (or are being) slow in translating this into ac-
tion. The gap between policy and practice intimated by
the Council of Europe Deputy Secretary General [36] in
September 2002 in her comment “the crux of the issue
is that there is too much of a gap between the promise
and the reality” (p. 2) remains. The “gap” is seen in the
rhetoric of official documentation on principles, policies
and aims and actual implementation into practice,
which exposes a range of deficiencies in PE in schools
in Europe. There are considerable inadequacies in facil-
ity and equipment supply frequently associated with
under-funding, especially in economically underdevel-
oped and developing countries and regions at a time of
concern over falling fitness standards of young people,
increased levels of obesity and related health issues and
continuing youth dropout rates from physical/sporting
activity engagement. There is evidence of general un-
der-funding of PE/school sport as well as the low remu-
neration of PE/sport teachers in some countries. There
is disquiet about teacher supply and quality: insuffi-
ciency and inadequacy of appropriately trained and

qualified PE teachers are widely evident. Curriculum
time allocation is a concern in some countries and the
overall reduction in average time allocation for school
PE curricula in both primary and secondary schools
across Europe is a worrying trend.

The amount of curriculum time allocation represents
an important issue for the delivery of quality PE. There
is considerable scientific evidence to suggest that at
least 60 min daily moderate to vigorous physical activi-
ty is necessary to sustain a healthy active lifestyle.
EUPEA recommends daily PE in the early years of
schooling (elementary grades, up to 11 or 12 years of
age and 3 hours (180 min) per week in post-elementary
(secondary/high schools) grades. In the United States,
the National Association for Sport and Physical Educa-
tion (NASPE) recommends a minimum of 150 min per
week for physical education in elementary schools and
225 min per week for middle and high school students.
Recommendations by the Council of Europe Commit-
tee of Ministers on 30 April 2003 included a significant
reference to physical education time allocation: an
agreement to “move towards a compulsory legal mini-
mum of 180 min weekly, in three periods, with schools
endeavouring to go beyond this minimum where this is
possible” [10] and a call for one hour of daily physical
activity in or out-of-school settings.

There are notable features concerning differential
variations between central and eastern European EU
Member states and the “older” 15 Member States. The
“east-west divide” highlighted in references to facilities
and equipment extends beyond this resource issue to
embrace post-2000 PE curriculum time allocation re-
ductions and provision for pupils with disabilities. Com-
pared with the older, “western” Member States (over
two thirds report stabilisation), the level of stabilisation
of curriculum time allocation (2000-2006) is less in
“newer” central and eastern EU Member States and
since 2000, PE time allocation has been reduced more
extensively in central and eastern EU States than in
counterpart “western” EU States. Similarly in the do-
main of disability, survey data indicate that there are
fewer opportunities (only 12% of countries) to “do” PE
and for inclusion in ‘“Mainstream” schools in central
and eastern EU countries than in other parts of Europe.
Moreover in central and eastern Europe inclusion in
“normal” PE lessons is less than the overall EU average
(32% as opposed to 45%). Also, facility provision for
pupils with disabilities is a more acute problem in cen-
tral and eastern Europe (60% of countries report defi-
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ciencies, whereas only 25% report deficiencies in west-
ern Europe). Conversely, lack of staff expertise is per-
ceived to be greater in western Europe than in eastern
European countries.

Countries, via the relevant agency authorities, should
identify existing areas of inadequacies and should strive
to develop a basic needs model in which physical educa-
tion activity has an essential presence and is integrated
with educational policies supported by governmental
and non-governmental agencies working co-operatively
in partnership(s). Satisfaction of these basic needs re-
quires high quality conceptually and contextually ad-
justed PE curricular programmes, provision of equip-
ment and basic facilities, safe environments and appro-
priately qualified/experienced personnel, who have the
necessary relevant knowledge, skills and general and
specific competences according to the level and stage of
involvement together with opportunities for enrichment
through continuing professional development.

As a school’s role extends to encouraging young
people to continue participation in physical activity,
through the provision of links and co-ordinated oppor-
tunities for all young people at all levels and by develop-
ing partnerships with the wider community to extend
and improve the opportunities available for them to re-
main physically active, there is a need for wider com-
munity-based partnerships, for which PE should be
seen as the cornerstone of systematic physical activity
promotion in schools and recognised as the foundation
base of the inclusive participation pyramid. Participa-
tion Pathway Partnerships is a key term for future direc-
tions in the best interests of PE and sporting, (particu-
larly recreational) activity in and out of schools. If chil-
dren are to be moved from “play stations” to
“play-grounds” [37], bridges and pathways to commu-
nity provision need to be constructed, especially to
stimulate young people to participate in physical activi-
ty during their leisure time. The post-school gap is as
much in the system as in participation, for many chil-
dren are not made aware of, and how to negotiate, the
multifarious pathways to opportunities. Physical educa-
tors are strategically well placed to reach the widest
range of young people with positive experiences in, and
messages about, participation in physical activity. They
have key roles as facilitators and intermediaries be-
tween the school and wider local communities. They
should identify and develop pathways for young people
to continue participating in physical activity after and
outside school and ensure that information is available
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to young people within school on the opportunities
available in the local community. However, it is naive to
assume that the PE professional can take on and fulfil
all of these responsibilities. Support, particularly of the
human resource kind, is fundamental to the realisation
of such ideals. It can be achieved through collaborative,
co-operative partnership approaches involving other
professionals and committed, dedicated and properly
mentored individual and group volunteer enthusiasts.
With the increase in rates of inactivity and associat-
ed risk factors of overweight, obesity and personal
health amongst children of school age and the limited
time allocations to school PE and sport, the sport move-
ment will represent a significant supplementary (and
complementary) domain of efforts to stimulate engage-
ment of this target group of young people in physical
and sport-related activity across Europe. International
non-governmental agencies such as the International
Sport and Culture Association (ISCA) and the European
Non-Governmental Sports Organisation (ENGSO) as
well as national and local sports bodies can (and should
be encouraged to) contribute to the process of motiva-
tion of young people to regularly participate in recrea-
tional sport and so adopt physically active lifestyles.
Such voluntary sector organisations have important
roles in assisting in the transition from school to com-
munity-based sport throughout the region [35]. A cause
of some concern is that many volunteers lack formal
training to work with young people and in a world of
rising levels of child abuse as well as the propensity of
some volunteers to inculcate perceived and actual nega-
tive attitudinal and behavioural norms and values, this
is an issue to be addressed. Indeed, the ENGSO incor-
porated recommendations pertinent to volunteer in-
volvement in its 1998 Guidelines for Children and
Youth Sport [38]. Nevertheless, volunteers can bring
knowledge, skills, commitment and dedication as a free
time resource and there is a need to have a balanced
view of their work by key actors and appropriate frame-
works to work within, not least of which might be ad-
herence to Codes as Ethics, such as those proposed by
the European Physical Education Association in 2002.
EUPEA’s Code of Ethics and Good Practice Guide [39]
has adopted the principles contained in the Council of
Europe’s Code of Sports Ethics. The Code offers
a framework of guidelines and is intended for use in
conjunction with similar guides on ethics produced by
governments, education authorities and recognised na-
tional governing bodies of sport. It outlines some of the
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key issues that need to be addressed in school PE and
sport by teachers and helpers (volunteers), who need to
operate within an accepted ethical framework of good
practice, which guides the individual. Issues include:
integrity and respect in relationships, various forms of
child abuse and protection there from, bullying, anti-so-
cial behaviours, equality and inclusion, stress and burn-
out, fair play and a balanced approach to winning, stress
and burn-out, fun and enjoyment.

There is a narrow and unjustifiable conception of the
role of PE merely to provide experiences, which serve to
reinforce achievement-orientated competition perform-
ance sport, thus limiting participatory options rather
than expanding horizons. Also of some concern are lev-
els of curriculum implementation and monitoring and
large class sizes. The falling fitness standards and high
youth dropout rates from physical/sporting activity en-
gagement are exacerbated in some countries by insuffi-
cient and/or inadequate school-community co-ordina-
tion and problems of communication. Physical educa-
tion delivery will benefit from re-orientation towards
placing more responsibility on students for their learn-
ing with the managerial responsibility of the teacher
progressively transferred to pupils. The enhanced pupil
involvement generated by this process will assist in fa-
cilitation of opportunities for individual meaningful
and socially relevant experiences [40]. Reflective prac-
titioners will translate into reflective students! Initial
and in-service training/further professional develop-
ment should properly address these pedagogical devel-
opments. This is particularly important in primary/
elementary schools, preparation for which is often gen-
eralist rather than specialist.

Finally, it is imperative that monitoring of develop-
ments in physical education across the world be main-
tained. The Council of Europe, UNESCO and the WHO
have called for monitoring systems to be put into place
to regularly review the situation of physical education in
each country. The Council of Europe [10] referred to the
introduction of provision for a pan-European survey on
physical education policies and practices every five
years as a priority! The European Parliament’s entry
into the PE arena with its Current Situation and Pros-
pects for Physical Education in the European Union
Study is one example of the monitoring process in ac-
tion and importantly provides an opportunity to assist
in converting “Promises” into “Reality” and so helps in
the process of surmounting threats to a sustained safe
future for physical education in schools. Otherwise with

the Council of Europe Deputy Secretary General’s inti-
mation of a gap between “promise” and “reality”, there
is a real danger that the well intentioned initiatives will
remain more “promise” than “reality” in too many
countries in Europe and indeed across the world.
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ABSTRACT

Purpose. The aim of the study is to characterize physical activity and physical inactivity of the inhabitants of the Liberec region in
their common life. Basic procedures. The research sample consisted of 818 males and 831 females aged 15-69, which were either
systematically or randomly drawn from throughout the region. Physical activity and its correlates were assessed using the IPAQ
questionnaire. Main findings. According to self-reported data, 10% of the inhabitants are insufficiently physically active, 30% are
sufficiently physically active, and 60% are highly physically active. The median of performed physical activity in the inhabitants in
Liberec region expressed in MET - min~" - week™ was 3822 MET - min~' - week™ (IQR = 4371). On average, men spent sitting 393 min
and women 415 min in total during a working day. Out of the total sample of respondents, 58% of the inhabitants in the Liberec
region were of normal weight, 9% were underweight, 23% were overweight and 10% obese. Conclusions. These facts point
to the necessity of increasing knowledge about the negative impacts of inactive behavior and emphasizing the advantages of
performing regular physical activity along with the need to establish such conditions that would contribute to physical activity

performance.

Key words: IPAQ, BMI, inactivity, intensity, correlates

Introduction

The decline in physical activity is one the character-
istics that are monitored worldwide, and not only in re-
lation to obesity and overweight [1-4]. It is essential to
distinguish between physical activity and energy ex-
penditure as these are not identical terms. Physical ac-
tivity is defined as behavior that results in energy ex-
penditure and is often described using FITT character-
istics (frequency, intensity, time, type). The energy
expenditure or its energy equivalent in MET is through
the level of metabolism or PA intensity associated with
the particular physical activity and thus is the indicator
of the level of the physical activity [5].

The positive effect of regularly performed physical
activity is well reflected in literature. Regular physical
activity of optimal intensity and duration positively in-
fluences the efficiency of cardiovascular system, diabe-
tes mellitus, hypertension, osteoporosis, overweight,
mental health, etc. [6—8]. Recommendations for and ef-

* Corresponding author.

fective intervention in physical activity regimes should
be based on a standardized tool for assessing physical
activity, which would allow such assessment to be made
according to different intensities and different contexts
[9]. The standardized International Physical Activity
Questionnaire (IPAQ) can be applied as such a tool,
since it also allows international comparisons and iden-
tification of the correlates of physical activity.

The aim of the study is to characterize physical ac-
tivity and physical inactivity of the inhabitants of the
Liberec region in their common lives. Further, through
providing the findings to regional policy-makers to fa-
cilitate the improvement of the conditions necessary for
active lifestyle of the inhabitants.

Material and methods

The survey was carried out as a part of the nation-
wide research of physical activity which itself was a part
of an international research called International Physi-
cal Activity Questionnaire Prevalence Study. Physical
activity was assessed using the [PAQ, namely its inter-
nationally standardized short administrative version
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[10, 11]. The questionnaire assesses physical activity
performed during the past seven days. It makes it possi-
ble to compare physical activity of vigorous and moder-
ate intensity, walking and sitting in relation to other
personal, demographic and environmental data. The
data were collected in 2002—2004. In total, four surveys
were carried out during this period; in two fall terms
and two spring terms. The questionnaires were distrib-
uted systematically and randomly. Overall, 1649 ques-
tionnaires were collected from the respondents aged
15—69 in the Liberec region (818 men and 831 women).
The Liberec province is a mountainous area offering
lots of opportunities for physical activity. Any changes
to the collected data were done in compliance with the
internationally implemented guidelines for data
processing issued by the “IPAQ Research Committee*
(for more information, visit www.ipaq.ki.se). When as-
sessing the intensity of physical activity in METs, vig-
orous activity was set to equal the energy expenditure
of 6 METs, moderate activity of 4 METs, and walking
of 3.3 METs.

The overall average physical activity expressed in
terms of MET -min~!-week! was calculated from aver-
age minute data for a given physical activity (vigorous
PA, moderate PA, walking) multiplied by the appro-
priate energy equivalent in METs for the given phy-
sical activity intensity. The sum of the values of vi-
gorous PA, moderate PA, and walking in terms of
MET -min" - week! expresses the total physical activity.

The participants were divided into age groups of
15-29, 30—49 and 50—-69 for further analyses. The basic
characteristics of the sample according to age are given
in Tab. 1. Based on the Body Mass Index (BMI), the
participants were classified into the following catego-
ries in compliance with the classification by Placheta et
al. [12]. BMI is defined as the individual’s body weight
divided by the square of their height. The formulas uni-

versally used in medicine produce a unit of measure
kg/m?. Underweight men have the BMI of < 20 kg-m
and underweight women have BMI < 19 kg-m™. BMI
in the range of 20-24.9 kg-m™ for men and 19-23.9
kg m~ for women denotes normal weight. BMI values
in the range of 25-29.9 kg-m for men and 24-28.9
kg m~ for women denote overweight.

BMI values over 30 kg'm™ in men and over 29
kg'm™ in women inclusive denote severe or morbid
obesity. In order to assess the level of activity, we follow
the classification by Abu-Omar et al. [9], who consider
the respondents to be sufficiently physically active if
they reach the minimal level of 600 MET - min~! - week™!
and as highly physically active if they reach the mini-
mal level of 1500 MET -min~!-week™ (for more infor-
mation, visit www.ipaq.ki.se). The persons who have
not reached the level of 600 MET -min! - week ! are in-
sufficiently physically active.

In order to assess the significant differences, use
was made of the non-parametric Kruskal-Wallis test
along with the effect size coefficient #?, the values of
which are: #?= 0.01 for low, #*>= 0.06 for medium and
n*=0.14 for high effect [13].

Results

The results show that men overall performed vigor-
ous physical activity 2.46 days in a week, moderate
physical activity 2.87 days in a week and walking 5.30
in a week. Women performed vigorous physical activity
1.72 days in a week, moderate physical activity 2.4 days
in a week and walking 5.65 in a week. Other results
concerning the performance of physical activity and sit-
ting differentiated according to age categories are pre-
sented in Tab. 2.

In total, regardless of the age, men show higher level of

physical activity than women (H, ,.,, = 16.03, p = 0.0001,

Table 1. Characteristics of the sample (weight, height, BMI, age)

Average age

Weight (kg) Height (cm) BMI (kg m™) .
Age Sex in the category
M (SD) M (SD) M (SD) M (SD)
Aged Males (n = 363) 74.62 (10.75) 179.99 (8.15) 23.00 (2.77) 21.66 (5.88)
15-29 Females (1 = 330) 58.81 (7.61) 137.84 (6.59) 20.87 (2.39) 21.61 (4.06)
Aged Males (n = 296) 83.33 (11.10) 180.12 (7.37) 25.69 (3.22) 41.42 (5.88)
30-49 Females (n = 337) 65.53 (10.94) 166.94 (5.83) 23.51 (3.74) 41.19 (5.44)
Aged Males (n = 159) 84.52 (12.51) 176.99 (6.88) 26.92 (3.55) 55.58 (4.95)
50-69 Females (n = 164) 71.05 (11.32) 164.91 (6.17) 26.15 (4.09) 55.85 (5.27)

M — mean, SD — standard deviation, z — the size of the sample
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Table 2. Average data on physical activity performance and sitting depending on age

Aged 15-29 Aged 30—49 Aged 50—69

Physical activity Males Females Males Females Males Females

(n=1363) (n=1330) (n=1296) (n=1337) (n=159) (n=164)
M SD M SD M SD M SD M SD M SD
Vigorous PA day- week™ 274 219 207 187 234 207 160 194 204 205 125 183
min- week ! 311 362 198 257 299 373 168 275 279 387 127 231
Moderate PA day - week™! 289 216 243 205 285 219 244 223 282 250 233 217
min - week! 296 348 218 282 337 381 427 348 345 442 247 328
Walking day- week™! 550 204 58 187 510 235 553 188 522 221 556 1.89
min-week ! 593 505 969 529 605 514 683 563 624 544 702 542
Sitting min-workday™ 408 181 429 177 377 188 401 179 389 194 418 175

PA — physical activity, M — mean, SD — standard deviation, n — the size of the sample

Table 3. Assessment of the differences in the total weekly physical activity depending on sex and age (MET -min~! - week™)

Age category Sex n Mdn IQR H p U

e womn 30w i 32 0B 000
0 women w1 wman 0% e 0w
069 womn 64 mos e 2T 0w ooos
e women w1 ;1693 oot 0w

n — the size of the (sub)sample, Mdn — median, IQR — inter-quartile range, H — testing criterion of Kruskal-Wallis test,
p — the level of statistical significance, #?— coefficient of effect size

#* = 0.01). Based on a more detailed analysis, we can con-
clude that there is significantly higher level of physical
activity in men only in the age category of 30—49; in other
age categories this premise has not been confirmed (see
Tab. 3).

According to the self-reported data, 10% of the in-
habitants are insufficiently physically active, 30% are
sufficiently physically active and 60% are highly physi-
cally active. In the age category of 15-29, we have iden-
tified only 8% of respondents who were insufficiently
active, 27% are sufficiently active and 65% are highly
physically active. In the age category of 30—49, 11% of
respondents were insufficiently active, 32% are suffi-
ciently active and 57% are highly physically active. In
the oldest age group of 50—69, we identified 15% of re-
spondents who were insufficiently active, 32% are suf-
ficiently active and 53% are highly physically active.

The development of physical activity depending on
sex and the intensity of load is described in Fig. 1. Wom-
en perform less vigorous physical activity than men
(H, 1449 = 68.5, p < 0.0001, 17*= 0.04), but the differences
are of low logical significance. Statistically significant

O Walking
O Moderate PA
W Vigourus PA

min/day

200 4

e

150 4

100 4

50 4

Fall  Spring Spring Fall Fall  Spring Spring Fall
2002 2003 2004 2004 2002 2003 2004 2004

Figure 1. Physical activity (PA) in men and women
aged 15-69 (min-day™)

differences, but not logical differences, are also found
in moderate physical activity H, ., = 2.87, p < 0.0001,
n*= 0.001). In walking, there are found higher values in
women than in men (H, ¢, = 11.09, p <0.001, 7*=0.006)
but the difference is not considered logically significant

again. The median of physical activity of the inhabitants
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Figure 2. The time spent sitting in men and women
(aged 15-69) — an average value for one working day

in the Liberec region expressed in MET-min- week! was
3822 MET min~'-week™ (IQR = 4371).

The assessment of the differences between men and
women based on the total time spent performing physi-
cal activity proves that men are more active than women
(H, 1449 = 6.75, p = 0.009, 7> = 0.004) but according to
the coefficient #? these differences are not significant.

The evaluation of the time spent sitting during five
working days shows that women spend significantly
more time sitting than men (H, ,,, = 7.50, p = 0.006,
n* = 0.005), yet logical significance has not confirmed
these differences (Fig. 2). In total, men spend on aver-
age 393 minutes and women 415 minutes sitting during
one working day.

Table 4. The evaluation of physical activity of different intensity for various weight groups (based on BMI)
—women aged 15-69 (MET ‘min~! - week™)

Weight

. )
Activity (based on BMI) n Mdn IQR H p n
underweight 73 1080 2160
. normal 488 540 1440
Vigorous PA overweight 191 120 1080 17.20 0.001 0.021
obesity 79 0 1080
underweight 73 480 960
normal 488 480 1080
Moderate PA overweight 191 430 1440 0.45 0.930 0.001
obesity 79 480 1920
underweight 73 1386 2970
. normal 488 1584 2772
Walking overweight 191 1980 3465 1.55 0.670 0.002
obesity 79 1584 3465

PA — physical activity, n — the size of the (sub)sample, Mdn — median, IQR — inter-quartile range, H — testing criterion
of Kruskal-Wallis test, p — the level of statistical significance, 7% coefficient of effect size

Table 5. The evaluation of physical activity of different intensity for various weight groups (based on BMI)
—men aged 15-69 (MET -min" - week )

. Weight )
Activity (based on BMI) n Mdn IQR H P n
underweight 48 720 2295
. normal 431 1440 2700
Vigorous PA overweight 270 1080 2520 15.35 0.002 0.019
obesity 69 360 2160
underweight 48 720 1080
normal 431 720 1680
Moderate PA overweight 270 70 1680 3.51 0.320 0.004
obesity 69 840 1200
underweight 48 1386 2376
. normal 431 1386 2178
Walking overweight 270 1386 2524 0.11 0.990 0.000
obesity 69 1485 2871

PA — physical activity, n — the size of the (sub)sample, Mdn — median, IQR — inter-quartile range, H — testing criterion
of Kruskal-Wallis test, p — the level of statistical significance, #?— coefTicient of effect size
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The greatest differences between underweight wom-
en, women with normal weight, overweight women and
obese women have been identified in vigorous physical
activity (H, ¢, =17.2, p = 0.001, = 0.021). We can say
that women with a low BMI perform more vigorous
physical activity. Times spent performing moderate
physical activity and walking are similar in all BMI
groups (Tab. 4). Analogous results are also found in
men (Tab. 5). Significant differences between the BMI
groups are identified only in vigorous physical activity
(H=15.35, p = 0.02, #*= 0.019). Significant differences
we not reported between the individual BMI categories
in men for moderate physical activity and walking.

Upon assessing the correlates of physical activity such
as the size of residence (number of inhabitants) and life-

style (single, in family, in family with children), the most
frequently appearing significant differences were report-
ed in the age category of 1529 years. For example, par-
ticipants living in residences of smaller sizes are reported
to show significantly higher level of physical activity
(H; ,165= 1983, p < 0.001, 7*=0.12) (Tab. 6).

Despite a general expectation that smokers perform
less physical activity than non-smokers, this premise
has been proved only in the age category of 15-29
(H, ¢, = 5.509, p = 0.019, >= 0.008). However, accord-
ing to the coefficient 7, the differences are not logically
significant. In the other age categories, physical activity
of smokers and non-smokers is similar. Out of the total
sample, 75% were non-smokers, 24% were smokers and
1% did not answer.

Table 6. Assessing physical activity in relation to the size of residence (number of inhabitants)
and age category (MET min! - week ™)

Age category Size of residence n Mdn IQR H p 7>
>100 000 141 3516 3348
Aged 30 000-100 000 208 3362 4079
1529 1 000-29 999 228 4554 4011 17.30 0.001 0.025
<1000 111 5199 4725
>100 000 90 3746 4212
Aged 30 000-100 000 187 3024 4068
30-49 1 000-29 999 241 3972 4452 6.19 0.103 0.010
<1000 110 4128 4743
> 100 000 59 3399 4398
Aged 30 000-100 000 87 3465 4269
50-69 1 000-29 999 130 3251 5091 2:48 0479 0.008
<1000 43 4986 5754
>100 000 290 3621 4056
Aged 30 000—100 000 482 3318 4066
15-69 1 000-29 999 599 4035 4572 19.83 0.000 0.012
<1000 264 4553 4548

n — the size of the (sub)sample, Mdn — median, IQR — inter-quartile range, H — testing criterion of Kruskal-Wallis test,

p — the level of statistical significance, 5> — coefficient of effect size

Table 7. Assessing physical activity of smokers and non-smokers in relation to age category (MET -min~! - week™)

2

Age category Smoking n Mdn IQR H p n

£ ovamokers 5w an9 s SS®_ 0o oo
1054 wovamelers 01 w0 ame 012 077 0000
D wnamelers o s w092 040 oo
e ovamokers 2% 6 gy 079 090 000

n — the size of the (sub)sample, Mdn — median, IQR — inter-quartile range, H — testing criterion of Kruskal-Wallis test,

p — the level of statistical significance, #?— coefficient of effect size
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Similarly, we cannot confirm that physical activity is
influenced by the way a respondent lives (single, in
a family, in a family with children). Significant differ-
ences are affirmed only in the age category of 15-29
(H,, 453 = 6.608, p =0.037, 7*=0.009), where the single
living respondents performed less physical activity than
the other respondents but the differences were not logi-
cally significant. In the other age categories and in the
total sample the correlate of lifestyle does not influence
physical activity.

Discussion

Our study has not proved the premise that men are
more physically active than women in all age categories.
Men perform more physical activity in total and in rela-
tion to age categories in the category of 30—49. Previous
studies reported differences also in the age category of
15-29, but this study has not confirmed it. The study by
Trost et al. [3] and other studies that applied monitoring
of physical activity using the accelerometer CSA have
usually reaffirmed the differences in physical activity
in boys and girls. At the same time, the authors point
out the fact that the magnitude of significance of the
differences between physical activity in boys and girls
is smaller than that documented in studies using ques-
tionnaire methods. Based on the analysis of physical
activity, we can observe that women perform less vigor-
ous physical activity than men, but on the contrary they
walk more.

Regarding the individual self-reported results, the
level of physical activity of the inhabitants in the Lib-
erec region appears satisfactory. Only 7% of the inhab-
itants are insufficiently active, 11% are sufficiently ac-
tive and 82% are highly active. In comparison to this,
for example, the study by Muntner et al. [14] of Chinese
population reported that only 66.3% of the subjects
were physically active.

Defining the levels of sufficient and high physical
activity is in compliance with the general recommenda-
tions for physical activity. The recommendations issued
by the “IPAQ Executive Committee 2003” are based
on the short version of the IPAQ questionnaire. Abu
Omar et al. [9] regard subjects to be sufficiently active
if they perform vigorous physical activity at least three
times a week for the minimum of 20 min per day, or
if they perform at least five times a week moderate
physical activity or walking for the minimum of 30 min
a day, or if they perform any combination of mode-
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rate or vigorous physical activity reaching the minimum
of 600 MET - min~'-week™!. In addition to that the au-
thors consider the subjects to be highly physically active
if they perform vigorous physical activity at least three
times a week and reach the minimum of 1500
MET min!-week! or if by the combination of moder-
ate and vigorous activity they reach the minimum
of 1500 MET -min!-week . The translation of physi-
cal activity into MET min~'-week™ is based on the
compendium by Ainsworth et al. [15]. With regard
to the specifics of questionnaire surveys, we consider
the established Ilevels for sufficient activity
(600 MET-min'-week') and high activity (1500
MET -min" - week ) as being too low.

Wilcox et al. [16] report the subjects to be active
when they carry out at least three times a week running,
cycling, swimming or dancing for the minimum of 20
min at a time or if they perform at least five times
a week walking, gardening, calanetics, etc., for the
minimum of 30 min at a time.

The median of performed physical activity in the in-
habitants of the Liberec region in MET - min~!-week™!
was 3822 MET min!-week™!, which corresponds to
63.7 MET - hour ! - week !. In comparison to other Euro-
pean countries, we reached even higher levels than it
was reported for The Netherlands in the study by Riitten
and Abu-Omar [17] using the IPAQ questionnaire where
the identified value was 394 MET hour ! week!,
which was the highest out of total of 15 countries par-
ticipating in the study, whereas the average median of
all the states was 24 MET - hour™' - week .

One of the diseases commonly associated with the
lack of physical activity and the imbalance between the
energy incomes and expenditure is obesity. The most
obvious measure identifying obesity and overweight is
the BMI, which denotes overweight as the range of 25—
29.9 kg'm™ and obesity as 30 and more kg -m™ [18].
Obesity in American population amounts to 20-30%
[19]. Over the past 20 years obesity has increased from
14.5% to 22.5% in the adult American population [20].

In this study, 23% of the inhabitants were overweight
and 10% were obese (Fig. 3). It is apparent that we are
going along the same route as the advanced industrial-
ized countries as far as these negative indicators are
concerned.

Insufficient physical activity is a major cause of the
rising prevalence of obesity in western countries [21].
Assessing the association between physical activity and
the BMI, we have not found any differences in the lev-
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10% 9%

Overweight
23%

Normal weight
58%

Figure 3. Percentage proportion of the inhabitants in Liberec
region adjusted for BMI categories

els of moderate physical activity and walking between
the groups of respondents who were underweight, with
normal weight, overweight and obese. As opposed to
that the findings indicate that overweight and obese re-
spondents perform significantly less vigorous physical
activity.

Based on the findings, we foster the assumption that
since the groups of underweight subjects and subjects
with normal weight perform more vigorous PA than the
other groups, the maintenance of “healthy” body weight
or body weight reduction could be achieved through
vigorous physical activity.

Overweight has become a worsening health problem
even in children as a study carried out in 2630 children
in Great Britain showed. The findings from this study
point out that overweight is observed in the range from
22% in 6 year old children to 31% in 15-year-olds and
the range of obesity is from 10% in 6 year old children
to 17% in 15 year old children [22]. The dispositional
factors for obesity are of both genetic and environmen-
tal origin. The risk of becoming obese in a child whose
both parents are obese is 80%, in a child who has one
parent obese that risk is 40%, and if the parents are not
obese the risk is 20% [23]. Heredity amounts to 25—
40% in the inter-individual differences in adiposis [24].

When identifying the correlates of physical activity,
we investigated the associations between the population
density of the residence and physical activity. We have
found differences only in the age group of 15-29. As for
this age group, we can conclude that the smaller the resi-
dence was, the higher the levels of physical activity were
observed. Different results, however, were found in
a study of leisure time physical activity of women aged
40-49 [16], which showed that women living in villa-
ges performed more sedentary behavior and encoun-
tered more barriers to participation in physical activity
as opposed to women in towns. Batch and Baur [21] as-

sume that in some developing countries and in pure chil-
dren a greater risk for becoming obese is associated with
living in a village, whereas in countries going through
economic transition obesity in children is attributed to
a more wealthy lifestyle and living in urban areas.

Differences in physical activity between smokers
and non-smokers have been identified only in the age
category of 15-29, where non-smokers showed signifi-
cantly more physical activity. In the total number of
subjects in the Liberec region, 75% were non-smokers,
24% were smokers and 1% did not answer. In compari-
son to the results across the nation, the age category of
15-29 in Liberec region comprises 23% of smokers and
77% of non-smokers. On the other hand, Chmelik et al.
[25] identified only low number of smokers (17.41%) in
a questionnaire survey carried out on a representative
sample of the Czech population (z = 3549). The authors
found that youths regarding themselves as non-smokers
have performed moderate and vigorous physical activi-
ties more frequently than youths regarding themselves
as smokers.

Conclusions

1. Men are in total more physically active than wo-
men.

2. Women perform less vigorous activity than men
but they are more active in walking.

3. The total time spent sitting on a working day is
6.5 hours in men and 7 hours in women. To improve the
conditions in this area, we recommend to design physi-
cal activity regimes for working days and to intervene
primarily in sedentary-type of jobs.

4. Based on self-reported data, 7% of the inhabitants
of the Liberec region are insufficiently physically ac-
tive, 11% are sufficiently active and 82% are highly ac-
tive.

5. Significant differences in relation to BMI are
identified only in vigorous physical activity in both men
and women. Subjects having lower weight-height BMI
coefficient are more physically active.

6. 58% of the inhabitants in the Liberec region are of
normal weight, 9% are underweight, 23% are over-
weight and 10% are obese. It is necessary to intervene
in this area and to increase the awareness of the nega-
tive effects of physically inactive lifestyle and the posi-
tives of regular physical activity. Furthermore, it is im-
portant to establish conditions encouraging physical ac-
tivity.
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7. In relation to the size of residence, we have found
differences in the age category of 15-29 as well as in
total, where the inhabitants of smaller-sized residences
(<30.000) showed more physical activity.

8. Out of the total number of subjects in the Liberec
region, 75% regard themselves as non-smokers and 24%
as smokers.

9. Non-smokers aged 15-29 perform more physical
activity than smokers of the same age.
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ABSTRACT

Purpose. The assessment of the state of health of population using positive indices is crucial for health promotion. The following
study focuses on the levels of somatic growth and physical fitness of adult women living in small towns and on their dependence on
physical activity. Basic procedures. The research sample consisted of two groups of women: one consisting of women taking part in
health-related training and a control group. All in all, 421 subjects participated in the study aged 20-59 years, divided into age
‘decade’ cohorts. The procedures applied included measurements of the main somatic parameters and physical fitness tests. Main
findings. More favorable somatic parameters and a higher level of physical fitness were noted in the training women than in women
from the control group. Conclusions. Systematic physical activity of two 50-min training units per week is an essential stimulation of

women in productive age.

Key words: physical fitness, somatic growth, health-related training

Introduction

The emerging global culture based on the dynamic
development of technology, communications and the
media has been exerting an unquestionable impact on
human beings and their living environment. It might be
hazardous, but it is also conducive to fostering impor-
tant values, including health.

A lifestyle dominated by consumption and passivity,
reliant on technological development, isolates man from
his natural conditions and inhibits stimuli for proper
psycho-physical development [1].

Present-day communication has an inhibitory influ-
ence on physical activity. The resultant hypokinesia can
be a threat to man’s health and social status. Modern
civilization presents man with enormous challenges and
upsets man’s homeostasis and interactions with the so-
cial environment. It seems necessary that one’s adapta-
bility to physical effort should be increased [2]. At the
same time, the concept of health is no longer confined to
the domain of medicine. More and more areas of public

* Corresponding author.

life become included in the widely understood health-
care and prophylaxis. The assessment of the state of
health of a population using the so-called positive indi-
ces, i.e. physical activity, physical fitness and somatic
parameters, is crucial for health promotion and preven-
tion of diseases, especially -civilization diseases.
A number of researchers recognize physical fitness as
a measure of human health [3—9]. Increased physical ac-
tivity not only develops one’s physical sphere but also
different psycho-social aspects of personality. It be-
comes a significant element of culture and healthy life-
style of modern man, and — to some degree — compen-
sates for the negative results of the 21%-century civiliza-
tion [10, 11]. Research shows that systematic physical
activity increases resistance to stress and enhances treat-
ment of a number of illnesses and disorders [12—14].
The most anticipated effect of increased physical ac-
tivity among adults is the maintenance of the most opti-
mal level of circulatory and respiratory parameters,
body composition and motor efficiency [4, 11, 15, 16].
A significant reduction in physical activity may lead to
adverse changes in the proportion of basic body compo-
nents, mostly to the growth of adipose tissue. It can be
conducive to diseases of the circulatory system and
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metabolic disorders or even death [4, 12, 16—19]. In Po-
land, about 70% of men and women are at the risk of
health loss due to overweight and obesity. This risk in-
creases with the growth in body mass [19-21].

It thus seems necessary to carry out a thorough
analysis of the state of health of adult Poles, with regard
to community differences, which are still quite exten-
sive in Poland [22]. The data gathered could serve as
tools for diagnosis of the so-called positive measures of
health and determine the future direction of programs
shaping pro-health behavior patterns in society.

The present study focused on the analysis and as-
sessment of selected aspects of the state of health of fe-
male inhabitants of the town of Nysa, engaged in differ-
ent levels of physical activity.

Material and methods

The study was carried out in the town of Nysa (pop:
50 thousand) in the Opole Province, Poland, in 2003. The
subjects included a group of 301 women who had partici-
pated in some organized forms of physical activity on
aregular basis for at least 6 months, and a control group of
120 women, aged 2959 years. The subjects who prac-
ticed aerobics amounted to about 75% of the training
women. The group of training women was subdivided
into age (‘decade’) cohorts according to their age. The
control group consisted of 30 subjects in each age cohort.

The health training in the group examined was led
by an instructor, 2 X 50 min a week. Each 50-min ses-
sion consisted of three parts: opening (aerobic exercis-
es), main part (exercises aimed at strengthening particu-
lar muscle groups) and closing (relaxation exercises and
info about a healthy lifestyle).

The following somatic measurements were used in
the study: body height and weight to calculate the BMI
(body mass index); and the total measurement of skin-
fold thickness in three anatomical sites (brachial, sub-
scapular, abdominal) [23].

The subjects’ physical fitness was measured using
the following tests [24]:

» plate tapping test measuring the speed of hand
movement (),
* handgrip test measuring the forearm muscle strength

(kG),

+ sit and reach test measuring the flexibility of the
lower back and hamstring muscles (cm),

+ standing broad jump measuring the explosive power
of the legs (cm).
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The study also used data gathered from a standard
questionnaire filled in by the subjects.

The results obtained were processed statistically.
The arithmetic mean (x), standard deviation (SD) and
index of variability (v) were used in the statistical analy-
sis. The significance of the differences was measured
with Student’s t-test for independent variables.

All statistical calculations were made in the Labora-
tory of Biokinetics and Statistics of the Chair of An-
thropokinetics in the University School of Physical Ed-
ucation, Wroclaw, using the Statistica for Windows 6.0
software package.

Results
Body height and weight

In the cohort of 20-year-olds the training women
were significantly higher than their non-training coun-
terparts. In other age (decade) cohorts the body height
revealed non-significant differences. The body height
was lower with age, both in the group of training wom-
en and in the control group. The low indices of variabil-
ity demonstrated a significant uniformity of body height
in the other cohorts.

The body weight was observed to increase with age.
The most slender body build was observed among the
20-year-olds. In other age cohorts, both in the training
women and the control group, the body weight in-
creased. The non-training women were significantly
heavier than the training subjects, and in the cohort of
40-year-olds the difference amounted to 7 kg between
both groups under study.

The statistical spread pointed to a significant varia-
bility in the subjects’ body build, much higher among
the non-training women (Tab. 1).

Body mass index (BMI) and fat tissue

The body mass index (BMI) is commonly used to
assess body fat deposition, obesity and nutritional sta-
tus. It is also used to estimate the body mass as a pheno-
typical characteristic determined by genetic makeup
and environmental influences [22, 23, 26, 27].

The mean BMI increased with age in the groups of
physically active and inactive women, however it was
much higher in the latter (Fig. 1).

The BMI showed significant differences between
the active and inactive women in favor of the former,
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Table 1. Statistical analysis of selected somatic and motor parameters in women under study

Training Non-training
Parameter Age cohort = 3D . = 3D .
2029 24 .47 2.94 12.03 24.43 3.66 15.00
Age 30-39 33.63 291 8.64 34.40 3.06 8.89
(years) 40-49 44.25 2.93 6.61 44.67 2.68 6.01
50-59 53.95 2.78 5.15 53.77 3.05 5.67
2029 167.50 6.04 3.61 165.25 7.61 4.61
Body height 30-39 165.74 6.47 3.90 165.00 5.57 3.38
(cm) 40-49 163.52 6.45 3.94 163.65 6.65 4.06
50-59 161.50 4.99 3.09 162.42 5.69 3.51
2029 58.50 8.87 15.15 60.31 9.71 16.10
Body weight 30-39 63.02 9.81 15.57 67.23 11.52 17.14
(kg) 40-49 65.35 9.00 13.77 72.91 10.92 14.98
50-59 67.91 8.64 12.72 73.16 12.50 17.09
2029 20.79 2.50 12.01 22.12 3.64 16.46
BMI 30-39 22.89 2.89 12.61 24.69 4.11 16.63
40-49 24.43 3.12 12.76 27.25 4.09 15.02
50-59 26.05 322 12.36 27.69 4.17 15.07
2029 52.62 13.53 25.70 63.72 16.63 26.10
Skinfold thickness 30-39 64.41 15.46 20.01 74.17 17.26 23.27
(mm) 40-49 69.74 17.51 25.11 85.69 16.03 18.70
50-59 77.30 13.82 17.88 88.70 16.12 18.18
20-29 12.31 1.07 8.70 15.33 2.13 13.90
Plate tapping 30-39 13.49 1.95 14.44 15.31 242 15.80
(s) 40-49 14.19 1.73 12.20 16.56 3.19 19.29
50-59 15.68 1.72 10.99 16.62 2.59 15.57
2029 26.78 5.52 20.60 21.10 6.57 31.11
Sit and reach 30-39 26.90 5.29 19.68 21.23 6.04 2843
(cm) 40-49 26.23 5.30 20.21 19.32 5.70 29.49
50-59 24.50 6.24 25.46 18.04 6.31 34.99
2029 33.87 4.27 12.60 32.43 4.40 13.57
Handgrip strength 30-39 34.03 4.58 13.47 31.83 3.20 10.04
(kG) 40-49 33.33 3.79 11.38 31.70 479 15.10
50-59 30.61 3.25 10.61 29.23 3.95 13.50
2029 162.86 17.89 10.99 140.37 19.62 13.98
Standing broad jump 30-39 150.58 14.01 9.31 131.10 13.78 10.51
(cm) 40-49 136.26 15.67 11.50 116.13 19.11 16.46
50-59 120.49 14.72 12.22 112.87 13.59 12.04

Statistical significance at p < 0.05 in bold

with the exception of the youngest cohort where the dif-
ference was statistically non-significant.

The lower values of the index of variability among
the training women point to a greater uniformity of the
index values with reference to the control cohorts.

The World Health Organization (WHO) [28] de-
scribes the BMI ranges in the following weight statisti-
cal categories: underweight (to 18.49), normal (18.5—
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w2 w0 s s W20 039 w09 s 24.9), overweight (25-29.9) and obesity (30 and more).
» Age (years) . The sample under study was predominantly in the

Training women Non-training women . . .
normal range, with the exception of the oldest cohort in
Figure 1. Mean BMI of women under study which 50% of subjects were overweight. The percent-
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Figure 2. Percentage BMI values according to WHO ranges

age of the index value in the normal range (18.5-24.99)
decreases with age, while the percentage of overweight
and obese women increases (Fig. 2).

The analysis showed that young women up to 30
years of age had similar BMI values. The majority of
physically active women were slender, whereas the ma-
jority of non-training women were overweight or obese.
Among the 30-year-old physically inactive women, the
number of overweight and obese subjects exceeded
40%; while it was twice as low in the group of training
women. Among the 40-year-olds and 50-year-olds in
the control group only 30% were in the normal range.
In the other cohorts of the control group 30% were
obese and 40% were overweight. In the cohorts of
40-year-old and 50-year-old physically active women
the number of obese persons amounted to 5 and 12%,
and of overweight persons to 34% and 50% respective-
ly. Nearly 60% of the 40-year-old training women were
in the normal BMI range. In the cohort of 50-year-olds
the percentage in the normal BMI range was below
40%.

The skinfold thickness significantly increases with
age in both groups under study. However, in the parallel
cohorts in the group of physically active women the
amount of fat tissue was significantly lower than in the
group of non-training women. The measures of statisti-
cal spread pointed to a great variability within the
groups under study (Fig. 3).

All in all, it can be concluded that the subjects un-
dergoing health training achieve better BMI and skin-
fold thickness values than the subjects from the control
group. In the case of the former more women were in
the normal BMI range, and a decisively smaller number
in the overweight and obese ranges.
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Figure 3. Mean total thickness of three skinfolds

Speed of hand movement

As expected the speed of hand movement, as meas-
ured with the plate tapping test, increases with subjects’
age, and the longer performance of the test performance
indicates a decreasing hand speed (Fig. 4).

Speed of hand movement (s)

20-29 30-39 40-49 50-59

Age (years)
Non-training women

Training women

Figure 4. Mean speed of hand movement

The analysis of differences between the cohorts of
training and non-training women revealed that the
former achieved a significantly shorter performance
time of the plate tapping test than their non-training
counterparts.

The values of the index of variability in the group of
training women were lower than in subjects from the
control group and they show that physically active
women are more uniform in hand movement speed than
their counterparts from the control group.
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Flexibility of the lower back and hamstring muscles

Flexibility is an element of physical fitness, which
particularly determines an individual’s wholesomeness
and independence. The sit and reach test performed
with the subject’s sitting on the floor with legs out
straight ahead was chosen for the study as a determi-
nant of flexibility of the lower back and hamstring mus-
cles.

The flexibility remained at a similar level among the
training women between 20 and 49 years of age; the test
results were lower among the 50-year-old subjects. In
the non-training women the flexibility level was signifi-
cantly lower than in their training counterparts (Fig. 5).

32}
30f
28f
26[
24
20[
18]
16]
141
12}

Flexibility (cm)

20-29 30-39 40-49 50-59 20-29 30-39 40-49 50-59

Age (years)

Training women Non-training women

Figure 5. Mean flexibility of the lower back
and hamstring muscles

The mean results of the sit and reach test revealed
statistically significant differences between all cohorts
of training women and their counterparts from the con-
trol group. The values of index of variability indicates
greater uniformity of results among the training sub-
jects than subjects from the control group.

Forearm muscle strength

In the group of training women the forearm muscle
strength decreased starting with the fifth decade of life.
In the younger age cohorts the test results were at a sim-
ilar level (Fig. 6).

The declining muscle strength with age was also ob-
served in the control group. A significant decrease in
muscle strength was recorded in women over 50 years
of age. Non-training women featured lower muscle
strength than their physically active counterparts in
each age cohort.

40
38
36+
34+
32+
301
281
26
24

Handgrip strength (cm)

20-29 30-39 40-49 50-59 20-29 30-39 40-49 50-59

Age (years)
Training women Non-training women

Figure 6. Mean forearm muscle strength

Explosive power of the legs

In terms of explosive power of the legs the standing
broad jump test results were lower with age in both
groups of subjects under study, which is clearly linked
to the involutional processes in the human body. A com-
parison of the mean results of the standing broad test in
both groups under study yielded statistically significant
differences between all age cohorts. The physically ac-
tive women achieved a significantly higher level of the
explosive power of the legs than women in the control

group (Fig. 7).

7

20-29 30-39 40-49 50-59 20-29 30-39 40-49 50-59

Age (years)
Training women Non-training women

Figure 7. Mean explosive power of the legs

Discussion

Systematic and regular physical activity is an insep-
arable element of a healthy lifestyle, which definitively
positively affects one’s state of health and life quality.
Numerous studies carried out in different countries
have shown that a low level of education and income is
related to a low level of physical activity [19, 29].
A higher level of education is conducive to the develop-
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ment of a greater awareness of one’s own health and
pro-health behavior patterns.

The results of our questionnaire revealed that 52 to
69% of women who actively took part in the health
training had a secondary education, and 37 to 5% had
a higher education, depending on the age cohort. 6%
(20-year-olds) to 25% (50-year-olds) of the physically
active women had a primary education.

In the control group the percentage of women with
secondary education (57 to 40% in the oldest age co-
hort) and primary education (17 to 50% in the oldest
cohort) was higher — the highest among the 40-year-olds
(47-50%).

Women taking part in health training revealed dif-
ferent reasons for their participation in physical activity.
For 20-year-old and 30-year-old women the most im-
portant reason was to look attractive. Other reasons
were health-related. Among the 40-year-olds and 50-
year-olds, health reasons took priority. Some other mo-
tives included keeping fit, stress management and es-
tablishing new relationships.

The observed tendency of changing body height is
associated with a secular trend, i.e. increasing the body
height in consecutive generations for about 1-1.5 cm per
decade. Besides the changing body height with age is
affected by involutional processes in the organ of loco-
motion manifested by greater spinal curvatures, flatten-
ing of intervertebral discs or lowered arching of the foot
[14, 25].

Studies carried out in Poland in the late 1980s and
early 1990s within the POL-MONICA program, re-
vealed overweight in 38% of women aged 35—64 years
and obesity in 30% [30]. The results of the present study
show overweight and obesity in 70% of non-physically
active women aged 4059 years. Among their physically
active counterparts 34—50% of women were overweight
and 5-12% were obese. It can be concluded that system-
atic physical activity improves the BMI value and sig-
nificantly reduces skinfold thickness in the group of
training women as opposed to the control group. It
should also be pointed out that aerobic exercises of mod-
erate intensity reduce the level of the adipose tissue.

The study also showed an interesting inverse pro-
portion between the skinfold thickness and the subjects’
level of education, which is a confirmation of results
obtained earlier by other authors [19, 22, 30]. It should
also be underlined that undertaking physical activity is
closely linked with the motivation to improve the image
of one’s own body, mostly through reduction of the
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body fat deposition. Thus, also overweight women par-
ticipated in the organized physical exercises, which
might have affected the mean values of body weight in
the sample. In spite of this, the study revealed statisti-
cally significant differences in favor of the physically
active group of women. It can be asserted that system-
atic physical activity in the productive age positively af-
fects somatic parameters.

Physical fitness is one of the measures of health.
Systematic physical activity has undoubtedly a positive
influence on health and it lowers the regression of phys-
ical fitness in the middle age [12, 16, 30, 31]. The results
of the study confirm this tendency and point to a higher
level of physical fitness of training women and much
slower decline of the mean results of individual tests in
comparison with the control group.

Concurrently, the higher results of fitness tests
achieved by the training subjects in comparison with
the control cohorts confirm the significant effectiveness
of the health training used in the study. The results of
tests assessing the speed of hand movement, flexibility
of the lower back and hamstring muscles, forearm mus-
cle strength and explosive power of the legs were sig-
nificantly higher in the training group than in the con-
trol group. Nowak and Wojtas-Slubowska [32] also ob-
served a general improvement of physical fitness of
women practicing aerobics, with the exception of hand-
grip strength.

In both groups of women under study a decline in
motor skills with age can be observed, which is closely
associated with the increasing involutional processes in
the body. Numerous studies indicate that increased
physical activity can inhibit the aging processes and ex-
tend the period of physical fitness in one’s life [12, 16,
30-34].

The results of the study point to the need of propaga-
tion, organization and planning of health training class-
es aimed at improvement of people’s health potential.

Results and conclusions

1. Women who are physically active feature much
better somatic parameters. Their BMI is within the nor-
mal range; and among the training women over 50, it
slightly exceeds its upper limit. In the control group, the
BMI in the cohort of 40-year-old subjects indicated
overweight and obesity. This is additionally confirmed
by the greater skinfold thickness in non-training sub-
jects as opposed to their physically active counterparts.
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2. Physically active women feature a higher level of

physical fitness than women in the control group, in
particular, in hand movement speed, muscle strength
and flexibility of the lower back and hamstring mus-
cles.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Raczek J., Hypokinesia and its consequences: A problem of
modern civilization. In: Physical culture sciences and chal-
lenges of modern civilization [in Polish]. AWF, Katowice 1995,
52-67.

. Wolanski N., The capabilities of the human body and the envi-

ronment [in Polish]. Kultura Fizyczna, 2003, 3—4, 3—10.

. Wolanski N., Health: Environmental conditions and positive

measures [in Polish]. Zdrowie Publiczne, 1983, 94(5), 241-258.

. Bouchard S., Shephard R.J., Physical activity, fitness and

health: The model and key concepts. In: Bouchard C., Shephard
R.J., Stephens T. (eds.), Physical activity, fitness and health.
Human Kinetics, Champaign 1994, 77-88.

. Howley E.T., Franks B.D., Health Fitness Instructor’s Hand-

book. Human Kinetics, Champaign 1997.

. Drabik J., Physical activity in human health: Benefits and haz-

ards [in Polish]. Wychowanie Fizyczne i Sport, 1999, 4, 122—
133.

. Przeweda R., Physical fitness and efficiency as positive meas-

ures of health. In: Zuchora K. (ed.), Comments on physical edu-
cation and sport [in Polish]. AWF, Warszawa 2000, 330-3309.

. Ignasiak Z., Stawinska T., Physical fitness as a positive health

measure. In: Environmental conditioning of children’s health
[in Polish]. Fundacja na Rzecz Zaglebia Miedziowego, Legnica
2001, 51-53.

. Osinski W., Testing within the concept of “Health Related Fit-

ness” [in Polish]. Antropomotoryka, 1998, 17, 175-193.
Garstka K., Practicing recreational gymnastics by middle-aged
women and their perception of their own body [in Polish]. Wy-
chowanie Fizyczne i Sport, 2000, 4, 55—62.

Karolczak A., Kulbat J., Gl¢gbocka A., Satisfaction with one’s
own body and self-esteem. An analysis of the interdependence
[in Polish]. Psychologia Jakosci Zycia, 2002, 1(2), 59-72.

Blair S.N., McCloy C.H., Research lecture: physical activity,
physical fitness and health. Res Q Exerc Sport, 1993, 64, 365—
376.

Zukowska Z., Man’s vital needs and lifestyles and health haz-
ards of modern civilization [in Polish]. Wychowanie Fizyczne
i Zdrowotne, 1995, 3, 107-111.

Malina R.M., Bouchard C., Bar-Or O., Growth, maturation and
physical activity, Human Kinetics, Champaign 2004, 651-676.
Nazar K., Physical activity in body weight control. Conference:
European Obesity Day, Oct. 24, 1997 [in Polish]. AWF,
Warszawa, 24-28.

Szwarc H., Physical fitness of the elderly. In: Jopkiewicz A.
(ed.), Physical activity of the elderly [in Polish]. WSP, Kielce
1996, 15-24.

Després J.P, Moorjani S., Lupien P.J., Tremblay A., Nadeau A.,
Bouchard C., Regional distribution of body fat, plasma lipopro-
teins and cardiovascular disease. Arteriosclerosis, 1990, 10(4),
497-511.

Rywik S., Wagrowska H., Piotrowski W., Broda G., Epidemiol-
ogy of obesity as a risk factor in diseases of the circulatory

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

system [in Polish]. Polski Tygodnik Lekarski, 1995, 50 (Suppl.
1), 63-67.

Drygas W., Skiba A., Bielecki W., Puska P., Assessment of
physical activity of inhabitants of six European countries:
“Bridging East-West Health Gap” project [in Polish]. Med
Sportiva, 2001, 5 (Suppl. 2), 119-128.

Kunski H., Health-related training of the adults [in Polish].
Agencja Wydawnicza Medsportpress, Warszawa 2003.
Kopelman P., Obesity as a medical problem. Nature, 2000, 404,
635—643. DOI: 10.1038/35007508.

Bielicki T., Welon Z., Zukowski W., The problem of health gap
of social layers [in Polish]. Materialy i Prace Antropologiczne,
1988, 109, 123—139.

Drozdowski Z., Anthropometry in physical education [in
Polish]. AWF, Poznan 1998.

Eurofit, European Physical Fitness Test. AWF, Krakow 1989.
Ignasiak Z., Stawinska T., Secular changes of selected morpho-
logical features of prepubescent children [in Polish]. Przeglqd
Antropologiczny, 1988, 52 (1-2), 181-185.

Cronk C.E., Roche A.F., Race- and sex-specific reference data
for triceps and subscapular skinfolds and weight/stature. Am
J Clin Nutr, 1982, 35, 347-354.

Garn S.M., Leonard W.R., Hawthorne V.M., Three Limitations
of the body mass index. Am J Clin Nutr, 1986, 44, 996-997.
Physical Status: The Use and Interpretation of Anthropometry.
WHO, Geneva 1995.

Steptoe A., Wardle J., Fuller R., Holte A., Justo J., Sanderman
R. et al., Leisure-time physical exercise: prevalence, attitudinal
correlates and behavioral correlates among young Europeans
from 21 countries. Prev Med, 1997, 26(6), 845—-854.
Taniszewski M., Perlinska E., Overcome of corpulence using
march-trot method [in Polish]. Medycyna Sportowa, 1999, 11
(99), 34-39.

Skrzek A., Health training and involutional processes of the or-
gan of locomotion in women [in Polish]. Studia i Monografie
AWF we Wroctawiu, 2005, 77.

Nowak M., Woijtas-Slubowska D., Physical activity of women
practising recreation exercises [in Polish]. Kultura Fizyczna,
1998, 34, 16-24.

Sidorowicz W., Senility and physical fitness [in Polish]. Sport
i Turystyka, Warszawa 1974.

Ignasiak Z., Dabrowska G., Zurek G., Fat deposition in physi-
cally active and non-active elderly women [in Polish]. Antropo-
motoryka, 2007, 37, 67-73.

Paper received by the Editors: July 24, 2007.
Paper accepted for publication: December 20, 2007.

Address for correspondence:

Pawet F. Nowak

Katedra Metodyki Wychowania Fizycznego
Politechnika Opolska

ul. Prészkowska 76

45-758 Opole, Poland

e-mail: p.nowak@po.opole.pl

33



HUMAN MOVEMENT
2008, vol. 9 (1), 34-40

A COMBINED SENSORIMOTOR SKILL AND STRENGTH TRAINING PROGRAM
IMPROVES POSTURAL STEADINESS IN RHYTHMIC SPORTS ATHLETES

DOI: 10.2478/v10038-008-0006-7

Panagiotis Tsaklis"* *, Johanna E. Karlsson?, Wilhelmus J. Grooten', Bjérn O. Ang'

" Department of Neurobiology, Care Sciences and Society, Division of Physiotherapy, Karolinska Institutet, 23 100,
141 83 Huddinge, Sweden

2 Department of Rehabilitation Medicine, Danderyd University Hospital, Stockholm, Sweden
3 Department of Physiotherapy, Technological Educational Institute of Thessaloniki, Greece

ABSTRACT

Purpose. The aim of this controlled trial was to evaluate the effects of a combined sensorimotor skill and strength training program on
postural steadiness in junior females performing rhythmic sports gymnastics. Basic procedures. Twenty-six rhythmic sports athletes,
aged 9 to 12 years, were randomized into one of two groups; a 6-week experimental group or to a control group, (during the 2004—
2005 training period). In the experimental group, a sensorimotor and back-muscle-strengthening regime was added to the everyday
training, while the control group continued with their ordinary training. Before and after the intervention, and at a 12-month follow,
bipedal-stance center of foot pressure (CoP) sway area was examined with a statokinesigram indicating amplitude of vertical pressure
fluctuations after stimulation of the vestibular system, and the distribution of body weight between legs. Main findings. At the 6-
week follow-up, the experimental group had a larger decrement in CoP sway area (-59%, p = 0.004) and in asymmetrical body
weight distribution (-58%, p < 0.001) compared to the control group (-0.1% and 2.3%, respectively), but not at the 12-month follow-
up. Conclusions. The present sensorimotor skill and strength training program indicated short-term improved postural steadiness in
rhythmic sports athletes. Exercises that specifically emphasize somatosensory and back strength aspects of training for postural

steadiness may advantageously be integrated into their training routines.

Key words: Body weight distribution, CoP sway, motor control, sensorimotor skills, training regime

Introduction

In rhythmic sports gymnastics accurate and well-
trained balance and control of postural steadiness are
important for the gymnast’s ability to accomplish good
performance [1] as well as for injury prevention [2].
Studies indicate that gymnasts have particularly devel-
oped the ability to integrate relevant information from
sensory systems for regulating posture [3, 4]. Results
also indicate that postural skills are affected by threats
to posture [5] and that different training strategies may
improve postural stability [6—10]. However, repeated
asymmetric training of the spine seems typical, and
a high incidence of scoliotic spine has been found in fe-
male rhythmic sports athletes [11]. Experience from our
group is also that rhythmic sports gymnastics training
— especially in young females — often leads to asymmet-
ric development of the back musculature. One sees

* Corresponding author.
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a “weak diagonal”, with weaker low-back muscles above
the unpreferred stance leg and weak contra-lateral shoul-
der musculature. Here, our preliminary stance-postural
observations indicate that young rhythmic sports ath-
letes distribute their body weight unevenly between their
feet in quiet bipedal stance, seeming to load the pre-
ferred-stance leg more than the other. Moreover, a Bul-
garian study [11] indicated that rhythmic sports gymnas-
tic training involves asymmetric loading for the upper
limbs as athletes mainly use their “strong” hand during
rhythmic sports gymnastics to ensure better control and
performance. This asymmetric loading of the spine and
extremities may hypothetically alter the sense of posi-
tioning and perhaps increase the risk for injuries. It
seems reasonable, however, that sensorimotor skill pro-
gram may enhance or normalize postural steadiness and
sense of stance positioning. Hitherto, little is known
about the effects of such exercise skill programs in
rhythmic sports athletes. We therefore evaluated the ef-
ficacy of a specific sensorimotor and muscle-strengthen-
ing regime on postural steadiness and body weight dis-
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tribution. Our hypothesis was that the present interven-
tion might improve postural steadiness, expressed as
decreased postural sway area and normalization of body
weight distribution between legs in bipedal stance.

Material and methods
Study design

This study was a prospective controlled trial with
unblinded treatment and blinded outcome assessments.
An initial power calculation at 80%, to detect a poten-
tial 30% (o < 0.05) reduction in center of pressure (CoP)
sway area, (based on our preliminary measurements),
revealed that a sample of 13 subjects in each group was
needed. Posturographic evaluation measurements of
CoP and body weight distribution were done before and
directly after the intervention, and 12 months later. In-
tention-to-treat analyses were performed, that is, the
analysis procedure and the conclusion were based on all
participants originally assigned to each of the groups.
The Research Ethics Committee at the Technological
Educational Institute of Thessaloniki approved the
study protocol. Together with their parents, the subjects
were informed about the study and prior written con-
sent was obtained.

Subjects

Twenty-six healthy, junior rhythmic sports athletes
from three rhythmic sports gymnastic clubs in Thessal-
oniki, Greece, volunteered and were enrolled. Subjects
were included if they had had at least three years of in-
tensive training (> 6 hrs - wk') and no record of previ-
ous severe injuries or other relevant pathology. Mean
(SD) for age, weight, height and number of years of par-
ticipating in rhythmic sports gymnastics were: 10.9
(1.52) years, 33.2 (7.5) kg, 1.42 (0.10) m, and 5.1 (1.29)
years participating in rhythmic sports gymnastics, re-
spectively. After baseline measurements, an independ-
ent observer first matched the subjects pair-wise by age
and years of participating in rhythmic sports gymnas-
tics. In each matched pair, the subjects were then as-
signed to either the experimental group or the control
group by chance (the observer tossed a coin). The ex-
perimental group underwent a multimodal training re-
gime, including sensorimotor-skill and back-muscle-
strengthening exercises, while the control group had no
additional intervention.

Intervention

During a study period of 6 weeks a senior physio-
therapist, not involved in the pre- and post evaluations,
supervised all intervention training in the experimental
group. The program was run four times a week after
daily rhythmic sports gymnastics training and consisted
of five exercises lasting 30 min in total. Three of the
exercises were designed to “manipulate” the vestibular
system, possible changing (reweighing) the central
processing of the somatosensory signals. These exercis-
es are part of a vestibular training program described by
Gans [12]. The exercises, to the best of our knowledge,
have not yet been evaluated in other studies. However,
clinical experience has shown that the exercises were
very useful for increasing the vestibular capacity of
both patients and healthy individuals. A high vestibular
capacity is thought to be crucial for good performance
of rhythmic sports athletes. The other two exercises
were designed to strengthen the back and shoulder mus-
culature of the “weak diagonal”. These exercises are
common excercises in other sports, but have not yet
been used regularly in rhythmic sports gymnastic train-
ing. The exercises were as follows:

Sensorimotor skill exercises

Horizontal head movements. Starting in quiet bi-
pedal stance, with arms relaxed along the body, head
facing straightforward. While keeping the trunk still,
the gymnast quickly turned her head to the right, then
to the left and then returned to forward-looking posi-
tion, which was maintained for 2 seconds. In all move-
ment directions, the gymnasts were told to maintain eye
focus on a point on the wall directly ahead. This proce-
dure was repeated 16 times, for three sets.

Head circles. In the same starting position as the
first exercise, the gymnast started to move her head in
a fluid circular motion: chin on chest, then left ear on
left shoulder. She then moved her head to a backward
(looking up) position, right ear on right shoulder, finally
returning chin to chest. This circular movement was re-
peated 10 times, two sets clockwise, two sets anti-clock-
wise (10 repetitions). After the four sets of head circles
with eyes open, the same procedure was repeated with
eyes closed.

Gait with head movements. After three steps at
normal speed the gymnast was instructed to turn her
head rapidly and look to the right and then back to the
forward position while continuing to walk straight

35



HUMAN MOVEMENT

P. Tsaklis, J.E. Karlsson, W.J. Grooten, B.O. Ang, Training for rhythmic sports athletes

ahead. After three more steps she turned her head and
looked to the left, still walking straight ahead. The
gymnast walked with turning head 15 m, 10 times.

Strengthening exercises

Prone contra-lateral arm and leg lifting. From
prone position on the floor, with her arms extended
above her head, the gymnast lifted the “unpreferred-
side-arm”, and the contra-lateral leg a few centimeters
from the floor, in a cross-lifting movement (“weak side
diagonal”). She held for 10 s, and then returned to the
starting position. This movement was repeated 10 times,
four sets.

Quadruped contra-lateral arm and leg lifting.
From quadruped position on the floor, with body weight
distributed to both knees and hands, the gymnast ex-
tended the unpreferred-side arm and the contra-lateral
leg in a cross-lifting movement, held for 10 s and re-
turned to starting position. This movement was repeated
10 times, four sets.

Instrument and test procedure

Foot pressure was recorded and analyzed on a verti-
cal posturographic digital platform (Foot Checker 3.0
Comex S.A. / LorAn Engineering Srl; Castel Maggiore,
Bologna, Italy), on the floor. The 700 x 500 mm plat-
form contained 2304 resistive sensors. Measuring ac-
curacy was 0.001 kPa. The vertical force was sampled
at a frequency of 60 Hz and the sway density curve ana-
lyzed in an integrated software module (Foot Checker,
3.2). In a quiet stance, postural steadiness can be quan-
tified in healthy subjects in which decreased (CoP) os-
cillations have been associated with improved postural
skill [4, 9, 13, 14]. The advantage of CoP posturographic
recordings using a mobile platform is that it is easy to
use for empirical measurement in environments famil-
iar to the subjects.

The subjects stood upright, barefoot on the platform
(bipedal stance). They were told to stand with their feet
as they wished. Their foot positions were then symmet-
rically corrected for anteroposterior direction, and the
distance between their feet was recorded for accurate
reproduction in the follow-up measurements. They held
their arms at their sides, the central resting position. Be-
fore the body weight distribution was recorded, the sub-
jects were told to distribute their body weight as evenly
as possible between their feet, to be relaxed and to
breathe normally; and then to signal when they were
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ready for the test leader to record the distribution. The
body weight distribution was sampled over 20 s and per-
centage of body weight distribution (% BW distribution)
was defined as the average deviation from 50% over the
20 seconds’ interval. Still standing on the platform, the
subjects were then familiarized with the subsequent CoP
sway recording procedure. They were instructed to per-
form ten circular head movements with their eyes closed.
Each circle took 1 s, governed with a metronome (tuned
by electronic chronometer). Immediately after the tenth
circle, the subjects were told to open their eyes and focus
on a point on the wall directly ahead, at eye level, and to
stand as still as possible for 20 seconds’ sway sampling.
The sway area gives an indication of the amplitude of
postural sway [4] and here represents the ability of pos-
tural steadiness. The CoP sway area (statiokinesiogram
(cm?) was defined as an ellipse containing 90% of all
displacement points. All measurements were performed
with a blinded examiner.

Data management and statistics

Two dependent variables were included in the analy-
sis: (1) CoP sway area and (2) % BW distribution. As
these outcomes were mainly non-symmetrically distrib-
uted around the mean, the data were log-transformed to
approximate a normal distribution before being statisti-
cally analyzed. To test our hypothesis, a repeated-meas-
ures mixed-model analysis of covariance was chosen, to
examine whether follow-up recordings of CoP sway and
% BW distribution differed significantly between the
two subject groups. The between group factor was
group (experimental, control) and the within group fac-
tor was follow up (6 weeks and 12 months). Baseline
values were set as continuous covariate [15], thus elimi-
nating potential effects of initial differences in the fol-
low-up examinations. Wherever significant main or in-
teraction effects were detected, a group difference was
further estimated with post hoc tests for each follow-up
occasion. A significance level was set at p < 0.05. Statis-
tical analyses were performed using procedure Mixed
in SAS®.

Results

All 13 subjects in the experimental group completed
every session during the intervention period, and all 26
subjects completed the six-week follow-up. Twenty-
three subjects (88.5%) completed the 12-month follow-
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up measurement. Two subjects had quit rhythmic sports
gymnastic training (one withdrawal from each group)
and one had moved abroad (dropout from control
group). There were no injury or pain experiences, or
other complications reported from the present interven-
tion. The athletes reported no difficulties in performing
the exercises correctly.

CoP sway area

Fig. 1 shows how the CoP sway area for the two sub-
ject groups developed. Compared to baseline, the CoP
sway area in the experimental group decreased with
—59% (md) compared to —0.1% in the control group at the
six-week follow-up, and —39% in the experimental group
compared to 0.0 % in the control group at the 12-month
follow-up. A repeated-measures mixed model analysis
revealed a statistical interaction effect for follow-up and
group (follow-up - group): £ ,, = 8.87, p = 0.007. Results
for each follow-up showed that the experimental group
had significant CoP sway decrement at the six-week fol-
low-up, p = 0.004. There were no such remaining effects
at the 12-month follow-up (p = 0.699).

Percentage of body weight distribution

Fig. 2 shows the course of the % BW distribution.
The variances were not homogeneous within and/or be-

26 =#=Experimental group
2.41 ==Controls

2.2
2.0 I
1.8
1.6
14
1.2
1.0
0.8
0.6
0.4
0.2

CoP (logged values)

6 weeks 12 months
Follow-up

Figure 1. Changes in center of foot pressure (CoP) sway
area (cm?) during quiet standing for experimental group
(filled circle) n = 13 and for controls n = 13, respectively.
Values are presented as longitudinal follow-up at a 6-week
and a 12-month assessment after baseline measurement.
Baseline values were set as continuous covariate. Error bars
show mean and 95% confidence intervals using procedure
Mixed in SAS® (analysis based on logged values)

tween the groups. The covariance structure heterogene-
ous compound symmetry together with between subject
heterogeneity was considered most desirable and gave
the smallest value of the Akaike’s Information Criterion
(AIC). Compared to baseline, % BW distribution in the
experimental group decreased with —58% (md) com-
pared to 2.3% in the control group at the six-week fol-
low-up, and —14% in the experimental group compared
to —19% in the control group at the 12-month follow-up.
The mixed model procedure revealed a statistical inter-
action effect for follow-up x group; £, = 24.08, p <
0.001. Results for each follow-up showed significant
improvement in the experimental group (reduction of
deviated % BW distribution) at the six-week follow-up,
p <0.001. Again, the effect was no longer significant at
the 12-month follow-up (p = 0.957).

Discussion

The results of this study support our initial hypothe-
sis that the rhythmic sports athletes who practiced the
present multimodal training program would improve
their postural steadiness in quiet standing, measured as
decreased CoP sway area and asymmetric body weight
distribution. However, the 12-month follow-up indicated
that the effect was not maintained in the long term.

The present sample of gymnasts represented three
Rhythmic Sports Gymnastic Clubs of Thessaloniki,

3.0

= Experimental group -

E=
25 Controls

2.0
1.5

1.0

% BW (logged values)

0.5

0.0

-0.5
6 weeks 12 months

Follow-up

Figure 2. Changes in percentage of body weight distribution
(% BW) for experimental group (filled circle) n = 13
and controls #n = 13, respectively. Values are presented
as longitudinal follow-up at 6-week and 12-month
assessments after baseline measurement. Error bars show
mean and 95% confidence intervals using procedure
Mixed in SAS® (analysis based on logged values)
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Greece, and was considered representative for junior
rhythmic sports athletes. The reason for selecting junior
rhythmic sports athletes only is that the group is more
homogeneous concerning adoption and learning of the
postural control system, compared to a group of senior
rhythmic sports athletes. The 26 subjects were age- and
years-of-practice matched before random assignment to
an experimental group or a control group. This proce-
dure was followed to facilitate uniformity between the
groups in our relatively small sample.

Postural control or postural steadiness has been well
debated in recent years [e.g. 16—20] and there has been
progress in understanding its complexity in relation to
task and environment. In the literature, however, pos-
tural control (and balance) is defined in various ways
[17, 18, 21, 22]. The use of different methodology and
different aspects of postural control may explain this in-
consistency. For the gymnasts studied, it is necessary to
manage CoP adjustment within a small base of support.
This involves controlling kinematic, or center-of-mass
(CoM), displacement by motor command for CoP ad-
justment for upright stance equilibrium during high skill
performance, for example turns, pivots, and other near-
acrobatic movements. Although postural stability, de-
fined as keeping CoM within a given surface, can be re-
flected by CoP sway [17], less sway area does not neces-
sarily mean good postural control in every population.
For example, a smaller safety margin between peak
CoM and peak CoP in patients with Parkinson’s disease
tends to increase the risk of falling [23]. Nevertheless,
the ability to maintain the body as still as possible can be
defined as postural steadiness in healthy subjects and
quantified by recording the variation in ground reaction
forces [24, 25]. However, crucial for the present study,
our mobile posturographic platform and the relative sim-
plicity of the set-up allowed us to conduct empirical
measurements on the rhythmic sports gymnastic club’s
premises. Studies show high reliability for body weight
distribution, while for CoP sway reliability seems more
limited, though acceptable [21]. While a mean of multi-
ple sway measurements seems to increase reliability
[21], repeated measures may also introduce learning ef-
fects [26]. However, in our control group, there seemed
to be a small, longitudinal, within-subject variation. This
was perhaps partly because all the tests were conducted
by the same test leader so as to eliminate possible inter-
tester variability. Important to consider, however, partici-
pating in the intervention group and being encouraged
by a physiotherapist might have increased the subjects’
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motivation concerning rhythmic sports gymnastic train-
ing, perhaps causing overestimation of the effect of the
training regime tested.

Our results, showing improvement in postural stead-
iness after sensorimotor skill and muscle strength train-
ing, tally with those of other authors [6, 8] who used
training regimes that involved fairly comparable exer-
cises. Moreover, it has been discussed [17] that adoption
and learning of the postural control system could have
a significant effect on successful training and perform-
ance in elite athletics. The mechanism of such improve-
ment may be increased sensitivity of feedback pathways
from proprioceptive sensory input, which regulate the
expected relationship between motor output and the en-
vironment for postural equilibrium [see for further
reading 27]. By training sensorimotor skills, these
gymnasts may not only improve their postural steadi-
ness but perhaps also their gymnastic techniques. The
test procedure was developed to reflect the techniques
used in rhythmic sports gymnastics, that is, a better
performance in the tests should also logically increase
the performance in sports, e.g. one leg standing. The
present study was limited in the ability to study the ef-
fects on the improvement of performance or the occur-
rence of injuries. The use of good technique has been
proposed as one factor for reduced incidence of spinal
pain in rhythmic sports athletes [2]. Thus, further stud-
ies should examine the effect of sensorimotor skill pro-
grams on other kinematic features of postural steadi-
ness and aspects of injury prevention. Moreover, future
studies should endeavour to separate the effect of each
domain concerning the training, i.e. vestibular or
strength training exercises.

As expected, the baseline measurement showed that
the gymnasts had asymmetric body weight distribution
(Fig. 2). One study found that body weight distribution
was close to 50—50% in young persons [21]. Moreover,
Engardt found that healthy subjects rose and sat down
with good symmetric weight distribution [28]. However,
the present multimodal regime seemed to temporally
normalize the rhythmic sports athletes” % BW distribu-
tion. Such time-limited postural effects have also been
found after a muscular training regime in patients with
central diseases [28]. Although the present multimodal
design did not allow separate analysis of the specific ef-
fects of the strength training, we believe that strength
exercises for the “weak diagonal” of the back may with
benefit be integrated in rhythmic sports gymnastic
training. Also, hypothetically, such integrated training
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may prevent musculoskeletal pain syndromes caused by
repeated asymmetric loading. Previous results show,
nevertheless, that different multimodal training proto-
cols have been found effective concerning postural con-
trol and stability in healthy subjects [9], as well in pa-
tients with ankle instability [7]. The temporary differ-
ences between the exercise group and the control group
found in the present study may be explained by the in-
creased exercise-dosage. However, it seems that the %2
hour additional training should not have had such an
impact, taken into account the total amount of training
and the years of participating in rhythmic sports gym-
nastics.

At the 12-month follow-up there were no significant
differences in maintained effect between the two
groups. This indicates that in order to retain the effect
in postural steadiness, as defined in this study, this
type of training should be regular; for example by inte-
grating the exercises in rhythmic sports gymnastic
training routines.

Conclusions

Our results showed that the present sensorimotor
skill training regime improved the rhythmic sports ath-
letes” postural steadiness, measured as decreased CoP
sway area and normalized body weight distribution be-
tween their feet. Nevertheless, the effects were limited
over time. This indicates that sensorimotor/streng-
thening exercises may beneficially be integrated into
continuous rhythmic sports training routines. Further
research that includes CoP and kinematic variables is
however required to provide more understanding re-
garding effects of postural regulation.
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ABSTRACT

Purpose. The study presents a comparative analysis of the threshold power and exercise-induced changes in the blood antioxidative
stress parameters in a standard rowing test between two measurements (terms of the study). Basic procedures. The study comprised
15 subjects aged between 20 and 23 years, members of the Polish National Youth Rowing Team at the end of preparatory phase of
the annual training cycle in 2003 (Term 1) and in 2004 (Term Il). At both terms selected indices of antioxidative stress and the
threshold power (AT,) induced by physical exercise with graded intensity were analyzed. Main findings. At the second term of the
study, as compared with the first term, a higher activity of superoxide dismutase in blood samples at rest was found. At the same time
a decreased activity of glutathione peroxidase in blood samples after exercise was observed. The level of lipid peroxidation products
in red cells (TBARS) regarded as the marker of free radical-induced damage was also significantly lower. The results indicated that at
the second term of the study the rate of anaerobic metabolism measured with the blood lactate level was lower than at the first term
despite the fact that the threshold power values between both terms of the study did not reveal any significant differences.
Conclusions. The annual training cycle in young rowers, although not contributing significantly to the increase of the threshold
power, induced positive changes in their antioxidant defense systems; namely, the lower level of TBARS after exercise and the higher

SOD activity at rest.

Key words: anaerobic threshold, annual training cycle, oxidative stress

Introduction

The anaerobic threshold (AT),) is used for assessment
of athletes’ adaptation to exercise, level of trainedness
(in endurance athletes in particular) and the intensity of
training loads. It is defined as the lowest training load
during progressively increased exercise, above which
the increase of lactate concentration in blood becomes
rapid and continuous [1]. Although the exercise model
used in studies of athletes does not reflect the progres-
sion of intensity or the time of starting exercise, the
anaerobic threshold is currently one of the basic diag-
nostic methods used for assessment of rowers’ aerobic
capacity in laboratory conditions [2]. An analysis of the
threshold power in an annual training cycle can be use-
ful in management of training through the choice of
optimal training loads. It can also be a useful index of
effectiveness of endurance training [3].

* Corresponding author.

The exercise-induced oxidative stress leads to excess
production of reactive oxygen species. The increased
amount of free radicals, along with the insufficient anti-
oxidant adaptation to exercise, leads in turn to significant
changes in cellular and tissue functions [4]. The muscles
can be protected against the harmful effects of oxygen
free radicals thanks to the activity of muscular antioxida-
tive enzymes as well as antioxidants in blood [5].

A number of researchers [6, 7] show that exercise
can affect the body’s antioxidative defenses. According
to some authors [8], physical training, especially endur-
ance training, can alter the adaptability of enzymatic
antioxidants by increasing their activity. Mena et al. [9]
compared the blood level of superoxide dismutase
(SOD), catalase (CAT) and glutathione peroxidase
(GPx) in amateur cyclists, professional cyclists and non-
training subjects. The lowest SOD level was noted in
the group of amateur cyclists and the lowest in the non-
training individuals. The highest levels of CAT and
GPx were observed in the group of professionals.
Jenkins et al. [10] noted that in vitro oxygen uptake in
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skeletal muscle was correlated with the levels of CAT
and SOD, which was an indication of the growing mus-
cle antioxidative potential along with increasing muscle
metabolism.

In consideration of the above results the present
study was designed to examine the threshold power and
exercise-induced changes in the blood antioxidative
stress parameters in rowers between two measurements
(terms of the study)

Material and methods

The sample for the study were 15 rowers from the
Polish National Youth Rowing Team. The subjects’ ba-
sic anthropometric characteristics are presented in Tab.
1. The tests took place at the end of the preparatory
phase of an annual training cycle: at the beginning of
May 2003 (Term I) and in May 2004 (Term II) at
a training camp in the Olympic Games Training Centre
in Walcz, Poland.

The rowers performed an ergometer test with graded
intensity until refusal. The maximal power was set dur-
ing a controlled run at a distance of 2.000 m. The exer-
cise was performed on a Concept 2 rowing ergometer
(USA). A rower started the test at 50% of the maximal
power, and then the intensity was increased every three
minutes to 60, 70, 80 and 90%, respectively. The test at
90% of the maximal power was performed by the row-
ers until refusal. The consecutive three-minute exercise
sessions were separated with 30-second breaks, during
which capillary blood samples were taken from the sub-
jects to mark the blood lactate level and the anaerobic
threshold (AT,) [1].

Before the test, within one minute after its comple-
tion and after a 24-hour recovery the blood samples
were drawn from the ulnar vein. The blood was taken
on an anticoagulant containing dipotassium versenate
(K2EDTA), and centrifuged to separate red blood cells
from the blood plasma. The red blood cells were irri-
gated three times with normal saline (0.9% w/v of
NaCl) and haemolyzed with ice-cold double distilled
water. The hydrolysate was frozen at a temperature of —
28°C. The following concentrations were marked in the
hemolysate: superoxide dismutase (SOD) using the
RANSOD assay (SD 125) (UK), glutathione peroxidase
(GPx) with the RANSEL assay, (RS 505) with the
Paglia and Valentine assay [11], tiobarbiturate reactive
lipid peroxidation products (TBARS) following chro-
mogen extraction with n-butanol with the Buege and
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Aust assay [12], and hemoglobin with the Drabkin he-
moglobin assay. The lactate concentration (La) was
marked in the capillary blood using the Dr Lange enzy-
matic assay (Germany).

The obtained results were statistically processed
with the use of Mann-Whitney test. All calculations
were made using the Statistica 6.0. software package.
The subjects expressed their consent to participate in
the study and the tests were granted approval of the Lo-
cal Research Ethics Committee of the Poznan Universi-
ty of Medical Sciences.

Results

The obtained results are presented in Tab. 1-3. Tab.
1 contains the subjects’ anthropometric characteristics,
Tab. 2 includes the levels of measured stress parameters.

The comparative analysis of the antioxidant enzymes
(Tab. 3) at both terms of the study revealed a signifi-
cantly higher SOD activity at rest, and lower GPx activ-
ity following exercise (p < 0.05) at the second term. No
significant changes in the concentration of enzymes
were found after the 24-hour recovery. The results of the
rowing ergometer test at the second term of the study
also revealed smaller changes in TBARS concentration.

At the second term of the study the threshold power
was 12 W lower, and the maximal power 17 W lower,
whereas the total exercise time was 15 s longer than the
time at the first term (p = n.s.). The post-exercise blood
lactate concentration at the second term was more than
7 mmol/l higher; however, this increase was significantly
smaller than that from the first term (p < 0.05).

Discussion

The values of threshold power achieved by the row-
ers at the end of the preparatory phase of their annual
training cycle did not differ significantly from the re-
sults obtained a year earlier (Tab. 2). A small decrease
in the threshold power — a recognized index of endur-
ance training tests — was, however, noted. This tendency
could have resulted from insufficient training, but it

Table 1. Subjects’ characteristics (x £ SD)

Body Body Training
height weight experience
ears
m G Y ey

TermI  189+9.89 79.5+12.02 21.5+0.71 6
TermII 189+9.89 785+ 784 22.5+0.71 7
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Table 2. Levels of oxidative stress parameters

Parameter Term I. Term H.

x+SD Min Max x+SD Min Max
AT, (Watt) 319.5+30.41 283 346 307 + 80.02 249 376
HR,, (beats/min) 175.4+£10.92 159 192 174.2 £ 11.95 155 193
t(s) 969 + 74.21 780 1080 984.6 + 85.34 900 1080
Maximal power (Watt) 426.9 +20.74 400 450 409.4 + 30.86 370 456
HR _ (beats/min) 1943 +7.52 187 211 191.7 £5.96 180 204

AT, — threshold power, HR , ,, — heart rate at the anaerobic threshold, t — exercise time, HR —maximal heart rate

Table 3. Comparative analysis of the parameters studied at rest, after exercise and after 24-hour recovery
at the two terms of the study

Parameter Term | Term I1 Statistical significance of
x+SD x+SD differences

SOD at rest 1139.5 + 85.84 1248.1 £ 117.39 *
(U/gHDb) after exercise 1239.3 +126.51 1369.5 + 167.15 n.s.

after recovery 1409.8 + 89.89 1448.8 + 113.01 n.s.
GPx at rest 41.8 £12.76 45.1 £10.89 n.s.
(U/gHDb) after exercise 64.4+10.53 483+ 12.5 *

after recovery 45.8+11.49 451+719 n.s.
TBARS at rest 1.3+0.22 1.2+ 0.09 n.s.
(umol/gHb)  after exercise 1.8+0.38 1.5+0.27 *

after recovery 2.4+ 0.61 2.1+0.37 n.s.
La at rest 1.7+£045 1.6 £0.32 n.s.
(mmol/I) after exercise 12.2 +2.86 8.8 +3.31 *

SOD - superoxide dismutase level, GPx — glutathione peroxidase level, TBARS — level of lipid peroxidation products,
La — lactate blood concentration, * statistically significant at p < 0.05, n.s. — statistically non-significant

also confirms earlier observations by Klusiewicz et al.
[13] in their study of a six-year training cycle of Olym-
pic rowing champions. The anaerobic threshold values
of the Olympic rowers’ in the consecutive years did not
change significantly. Their threshold power did not in-
crease significantly even in the years of the rowers’
greatest sports successes. In training practice the abso-
lute value of threshold power AT, is, in fact, far less
important than the slightest fluctuations and differences
between the values achieved in the preparatory and
competitive periods of training.

The progression of intensity of training loads used in
the test at the first and second terms of the study led to
an increased production of reactive oxygen species
(ROS) measured with the level of thiobarbiturate reac-
tive substances (TBARS). At the first term of the study
the increased ROS level in the blood sample taken im-
mediately after exercise amounted to about 0.5 pmol/
gHb, and at the second term to about 0.3 pmol/gHb.
The increased ROS production leads, first of all, to oxi-
dative modification of phospholipids and disrupts the
cell membrane integrity [14]. An introduction of polar

peroxide, ketone, aldehyde or hydroxyl groups in the
areas of phospholipid molecules decreases the hydro-
phobicity of the lipid bilayer and increases the permea-
bility of not only hydrogen protons but also of other po-
lar molecules into the extracellular environment. Ac-
cording to many authors [10, 15-17] physical exercise,
especially of high intensity, leads — on the one hand — to
production of ROS, but on the other, to adaptation of the
body’s defenses against free radical-induced damage. In
the opinion of Lu et al. [18] this adaptation consists of
a direct and indirect stimulation of synthesis of multiple
proteins, including antioxidants. This observation is
confirmed by Marzatico et al. [19], and Ji et al. [20].
Marzatico et al. revealed that the activity of superoxide
dismutase at rest was two times higher in sprinters and
three times higher in marathon runners than in their
healthy non-training counterparts. They also noted an
increase in glutathione peroxidase for 58% and 100% in
the marathon runners in comparison with the control
group. Evelo et al. [16] in their study of the effects of
endurance training on the antioxidative glutathione sys-
tem of human erythrocytes noted, for the first time, that
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the level of exercise-induced oxidative stress is related
to the character of an annual training cycle. The exer-
cise-induced adaptation of the athlete’s body depends
on the type, duration and intensity of exercise as well as
the level of the body’s “trainedness.” According to Sen
et al. [21], long-term training of moderate intensity in-
creases the body’s physiological antioxidant capacity. Ji
et al. [20] observed that exercise-induced increase of
ROS production stimulates the gene expression of anti-
oxidant enzymes with NF-kB as the signaling pathway.

The intense physical effort involved in rowing train-
ing is related to an increase in the number and size of
mitochondria and it simultaneously enhances the activ-
ity of mitochondria enzymes in the electron transport
chain [6]. As shown by Mader et al. [22] from 93 to
99% of rowing training loads are exercises in which the
lactate concentration in blood does not exceed 4 mmol/I,
and in 80% is not higher than 2 mmol/l. Data from litera-
ture show that endurance training, in particular, in-
creases the body’s antioxidant capacity [5, 23, 24]. An
increase in the level of reduced glutathione and gluta-
thione peroxidase, a decrease in catalase concentration
and a stable level of superoxide dismutase were ob-
served in animal muscles in response to training [25].
Gunduz et al. [26] noted improved antioxidant capacity
in many tissues, including muscles, in aged rats in re-
sponse to one-year swimming exercise.

In our study, an increase in superoxide dismutase in
red cells (p < 0.05) and glutathione peroxidase (Tab. 3)
was noted at rest in rowers after one-year training. The
ergometer test at the second term of the study contrib-
uted to the increase in the activity of both enzymes. It
should be added that the increase in GPx activity at the
second term of the study was significantly lower than at
the first term of the study (p < 0.05).

The assessment of the status of antioxidant capacity
can be difficult due to the fact that the expression of
antioxidants can be induced in response to oxidative
stress. Thus a high activity of antioxidants can be an in-
dication of a good state of antioxidative defence mecha-
nism as well as of increased level of oxidative stress.
The high activity of both enzymes at rest at the second
term of the study points to the positive influence of
physical exercise. On the other hand, their higher activ-
ity during 24-hour recovery indicates an increasing
ROS production but it can also be a proof of facilitation
of the body’s antioxidative defenses. The concurrent
higher level of TBARS can also be a manifestation of
expression of antioxidant proteins in response to oxida-
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tive stress. Btaszczyk et al. [27] report that submaximal
exercise increases the concentration of antioxidant en-
zymes (SOD, GPx,) and lowers the level of malon dial-
dehyde (MDA) in red cells. The results of our study
show that the applied exercise test after a year of train-
ing brought about different responses of antioxidant en-
zymes and a lower increase of TBARS, right after the
exercise and after a 24-hour recovery (Tab. 3).

Conclusion

It should be concluded that physical training induces
positive changes in the body’s antioxidant adaptation, as
confirmed by the lower post-exercise level of thiobar-
biturate reactive substances. It can be assumed that
among the many factors affecting the sports result, the
capability of maintaining the prooxidant—antioxidant
equilibrium is one of the key components of biological
restitution and the capacity to take up new training and
competitive loads.
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ABSTRACT

Purpose. One of the aims of football training is to enhance the musculo-ligamentous apparatus and increase mobility of the lower
limbs’ joints. Proper football footwear is compulsory as games are being played on different surfaces. This has direct impact on the
placement of one’s feet and distribution of forces within feet arcs. The purpose of this study was to compare the placement of feet
and toes of boys training football with their peers who did not practise football. Basic procedures. This study was carried out on 72
junior football players, aged 10-14 years, who were divided into 4 groups according to age and training level. The control group
included 80 boys of similar age. The examination was performed using Moiré technique. Alignment of the knees was assessed
visually. Computer analysis of the results covered the following parameters: Clarke’s angle, a, g and y angles, length-to-width index
and KY index. Main findings. Feet anomalies were more frequent in footballers. In the older players these were mainly varus knees
(around 40%), while the younger one’s had valgus knees more often than the non-players. Hallux valgus (over 20%), especially of the
left foot, and varus toes (over 90%) were also more frequent in the non-training boys. Besides there was a decrease of curvature of
the longitudinal and transverse feet arcs that was more frequent in the right feet. However, longitudinal and transverse characteristics
of the left feet arcs did not differ between the exercising and non-exercising groups. Conclusions. The examination of the feet

confirmed the impact of football training on the placement of feet and toes and curvature of the feet arcs.

Key words: football training, alignment of the lower limbs, shaping of the feet, Moiré technique

Introduction

Sport training is a long-term, dynamic and compre-
hensive pedagogic process and players as a part of it
learn, acquire and systematically master the techniques
and tactics of a given sports discipline, develop their
physical fitness as well as volitional and personal traits.
The impact on physical constitution and harmonious
development of players is aimed at increasing their
physical ability, which divides into general, directed
and special. High dynamic force of the lower limbs
muscles, i.e. high efficiency of the musculo-ligamentous
apparatus is an absolute priority in football training. It
has been confirmed that an average footballer runs
a distance of over 10 km during a single game [1, 2].
The multi-stage preparation scheme for footballers lists
enhancement of the musculo-ligamentous apparatus
and increasing the mobility of the lower limbs’ joints as
the fundamental part of football training. Proper foot-
ball footwear is compulsory and the games are played
on various types of surface, which has impact on the
placement of the lower limbs and the curvature of the
feet arcs in football players.
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The aim of this study was to assess the placement of
the lower limbs and toes and shaping of the feet of boys
training football against their non-training peers.

Material and methods

The study covered 72 boys training football aged
10—14 years. They were divided into four groups, de-
pending on age and training experience: Group 1 in-
cluded 10 and 11 year-olds with training experience less
than two years; Group 2 included 11 and 12 year-olds
with training experience between two and five years;
Group 3 included 13 year-olds with training experience
between three and four years; Group 4 included 14
year-olds with training experience between three and
seven years. The control group consisted of 80 non-
training boys, who were divided into analogous age
groups, so that the mean age of the subjects from both
groups was nearly identical.

A questionnaire concerning the training experience,
training frequency, documented postural faults and
dominant side of the body was distributed among par-
ents and, in the case of players, among coaching staff.
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Placement of the lower limbs was assessed individu-
ally, in habitual position and looking from the front with
knees and/or ankles adhering or with knees and medial
ankles astray (cm). The following placement types were
distinguished: valgus limbs, when the distance between
the ankles was 5 cm or more with knees adhering; nor-
mal and varus, when the distance between the knees
was 5 cm or more with ankles adhering [3].

The evaluation of feet arcs curvature was performed
by means of a special photogrammetric kit produced by
CQ Elektronik from Wroctaw, Poland. The kit consisted
of glass panel with a CCD camera fixed underneath it.
The subjects had to stand on the panel in order for the
camera to register the image of their feet, which were
illuminated with rasterized light [3]. The images from
the camera were subjected to computer analysis, which
provided the following parameters: Clarke’s angle (Cl),
alpha (@), beta () and gamma (y) angles, length-to-
width index (LWI) and KY index.

The alpha and beta angles traced on the plantocon-
tourograms show the placement of the hallux and the
small toe. Correct angle of valgity of the hallux, accord-
ing to Wejsflog, ranges between 0° and 9°. The calca-
neal gamma angle is an angle between the tangents
from the external and internal edge of a foot and in nor-

mal conditions it should range between 15° and 18°.
This angle is the measure of transverse vaulting of
a foot [4-7]. The length-to-width index (LWI) is
a length to width ratio of a foot and also is an indicator
of the transverse vaulting of a foot. In normal conditions
it is close to a value of 3 and in the case of excessive
flattening of the foot arcs it reaches the value of 2 and
thus the following classification criteria have been de-
termined: transverse platypodia — below 2.3, depressed
vaulting — between 2.3 and 2.59, normal vaulting — 2.6
or higher [4]. KY index is a ratio of the shaded part of
the plantocontourogram to its overall width and Clarke’s
angle (C]) is the angle between a tangent from the me-
dial edge of a foot and a tangent from the apex of the
tarsus recess measured at the point where those tangents
intersect with the frontal tarsus line. Both Clarke’s an-
gle and the KY index express the longitudinal vaulting
of a foot. In the case of excessive vaulting (hollow foot)
the KY index is lower, whereas in feet with lowered
vaulting its values are higher than the recommended
ones. On the other hand, lower values of Clarke’s angle
indicate the flattening of a foot and higher ones show
that a foot is hollowed out. Evaluation by means of those
parameters should take into account the age of the sub-
jects (Tab. 1) [3-5].

Table 1. Assumed normal values for K'Y index and Clarke’s angle (Cl) (based on Kasperczyk and Lizis standards)

KY index Clarke’s angle (Cl)

Age Hollow foot Normal foot Flaft(tzrtled Flat foot = Hollow foot Normal foot Flaft::){[led Flat foot
10-11 years ~ under 0.4 0.4-0.54 0.54-0.75 over 0.75 over 45 31-45 20-30.9 under 20
11-12 years ~ under 0.3 0.3-0.45 0.45-0.75 over 0.75 over 47 32-47 20-31.9 under 20
13-14 years  under 0.3 0.3-0.45 0.45-0.75 over 0.75 over 50 42-50 30—41.9 under 30

Table 2. Arithmetic means (¥) of alpha, beta and gamma angles (a, f3, 7), length-to-width index (LWI),
KY index and Clarke’s angle (Cl)
a B y LWI KY Cl

Age Group n ) x) ) *) ) )

Right Left Right Left Right Left Right Left Right Left Right Left

1011 years FG 19 32 6.6 199 179 203 174 253 247 042 045 381 405
cCG 24 10 2.8 137 100 163 154 258 247 039 043 381 367

11-12 years FG 24 31% 46 210 179 189 170 260 250 040 046 389 404
cG 21 -09 1.1 153 9.9 16.5 154 2,60 247 046 046 375 372

13 years FG 16 25 5.6 17.3 155 190 157 254 245 042 047 396 415
cG 18 01 0.5 16.0 171 17.5 138 259 249 048 048 412 414
14 years FG 13 22 51 211 197 203 171 248 239 046 049 373 369

cG 17 -02 3.8 16.1 153 185 144 254 242 045 044 435 419

* statistically significant differences between the means of footballers (FG) and control group (CG) at p = 0.05, statistically
significant differences of means of footballers (FG) in comparison to control group (CG) in bold
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Results

The assessment of the lower limbs placement indi-
cated a high percentage of feet anomalies, mainly in
13- and 14-year old players (Fig. 1). Varus knees were
not observed in non-training boys, while the 14-year old
players, who had the longest training experience,
showed the highest prevalence of this anomaly (approx.
40%). Valgus knees were also more frequent in younger
players than in non-training boys.

Measurements of alpha angle showed that hallux
valgus was more frequent in footballers (18% in the
right foot, 32% in the left foot), while in the control
group the hallux was in normal or varus position (Fig.
2, 3). Mean values of alpha angle were higher in foot-
ballers than in the control group and in several cases
differences were statistically significant (Tab. 2). Beta
angle measurements showed common occurrence of
varus deformity of the small toes and it was more fre-
quent in footballers (over 90%) than in the control group
(80%). Mean values of beta angle were definitely higher
in footballers, and apart from 13 year-olds, the differ-

FG|CG FG|CG

10-11 year-olds | 11-12 year-olds 13 year-olds 14 year-olds

m valgus mnormal  @mvarus
knees knees knees

Figure 1. Placement of the lower limbs in football players
(FP) and in non-training boys (CG)

10-11 year-olds | 11-12 year-olds

13 year-olds 14 year-olds

@ hallux normal
(a0°-9°)

m hallux varus O hallux valgus
(a<0°) (a>9°)

Figure 3. Placement of the left hallux in footballers (FG) and
in non-training boys (CG)
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ences were statistically significant (Tab. 2). Larger var-
us deformity was observed in the right feet, while val-
gity was more common in the left feet.

Gamma angle, which is a measure of transverse vault-
ing of feet, indicated a quite common depression of trans-
verse foot vaulting (above 18). On average, 66% of foot-
ballers had depressed transverse vaulting of the right foot,
37% of the left foot, while in non-training boys those
numbers were 36% and 10% respectively. Statistically
significant differences were observed between the mean
values, mainly in the right foot (Tab. 2). The length-to-
width index (LWI) is also an indicator of the transverse
vaulting condition. Readings of this parameter confirmed
depression of the transverse vaulting of the feet. De-
pressed transverse vaulting of the right foot was more
common in footballers, while in non-training boys it was
equally common, but in the left foot (Fig. 4, 5; Tab. 2).

The KY index based evaluation of the longitudinal
vaulting of foot showed its depression. Just as the trans-
verse vaulting, it was more common in the footballers,
but only in the right foot. In the youngest subjects, the
depressed vaulting of feet was less frequent than in the

10-11 year-olds | 11-12 year-olds 13 year-olds 14 year-olds

@ hallux normal
(a0°-9°)

m hallux varus o hallux valgus
(a<0°) (a>9°)

Figure 2. Placement of the right hallux in footballers (FG)
and in non-training boys (CG)

10-11 year-olds | 11-12 year-olds 13 year-olds 14 year-olds

B transverse platypodia B depressed vaulting  Onormal vaulting
(below 2.3) (2.3-2.59) (above 2.6)

Figure 4. Transverse vaulting of the right foot in footballers
(FG) and in control group (CG)
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10-11 year-olds | 11-12 year-olds 13 year-olds 14 year-olds

Btransverse platypodia B depressed vaulting
(below 2.3) (2.3-2.59)

O normal vaulting
(above 2.6)

Figure 5. Transverse vaulting of the left foot in footballers
(FG) and in control group (CG)

10-11 year-olds | 11-12 year-olds 13 year-olds 14 year-olds

m platypodia mdepressed O normal feet = hollow feet

vaulting

Figure 7. Longitudinal vaulting of the left foot according
to K index in footballers (FG) and control group (CG)

(%)
100

80
60-
401
20

04

10-11 year-olds | 11-12 year-olds

13 year-olds 14 year-olds

Hplatypodia Edepressed Onormal feet B hollow feet

vaulting

Figure 9. Longitudinal vaulting of the left foot according to
Clarke’s angle in footballers (FG) and control group (CG)

older ones, yet there were many cases of hollow feet
(Fig. 6, 7; Tab. 2). Clarke’s angle measurements showed
fewer feet with depressed vaulting and fewer hollow
feet. The difference between vaulting of the right and
left feet was apparent, but not so much pronounced (Fig.
8, 9; Tab. 2).

Discussion

The results show that football training has impact on
the placement of the lower limbs, which is confirmed

10—11 year-olds | 11-12 year-olds 13 year-olds 14 year-olds

Eplatypodia Edepressed Onormal feet B hollow feet

vaulting

Figure 6. Longitudinal vaulting of the right foot according
to K index in footballers (FG) and control group (CG)

10-11 year-olds | 11-12 year-olds 13 year-olds 14 year-olds

MW platypodia @ depressed Onormal feet = hollow feet

vaulting

Figure 8. Longitudinal vaulting of the left foot according to
Clarke’s angle in footballers (FG) and control group (CG)

by high percentage of varus knees in boys with longest
training experience. Training also affects the placement
of toes and vaulting of feet. Hallux valgus, varus de-
formity of the small toe and depressed longitudinal and
transverse vaulting of feet were more common in foot-
ballers, especially those with the longest training expe-
rience, than in non-training boys.

Those observations found confirmation in results of
examinations of 17-18-year old footballers done by
Klata [8]. Klata observed depression of the longitudinal
vaulting of mainly right feet based on KY index (20%
of subjects) and transverse depression, and an increase
of gamma angle (25% of subjects) [8]. Klata [8] discov-
ered larger depression of the right foot in players of the
1%, 27 and 5 junior league. Klata found out, based on
answers to the questionnaire, that majority of the foot-
ballers examined were right-handed (92%) and right-
legged (85%), therefore, one may assume that the right
leg is dominant and thus much more burdened during
training and games.

Plantographic examinations of 8—15-year old girls
and boys indicate higher variability of vaulting of the
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left feet and more regular improvement of vaulting of
the right feet. Clarke’s angle of the majority of feet
ranged between 32° and 47°. Moreover Lizis, the author
of that study indicated asymmetric distribution of
Clarke’s angle [5, 9]. Our own studies confirm those
observations, yet only in the case of non-training boys.

Photogrammetric assessment of feet of non-training
boys aged 8—13 years showed that depressed transverse
vaulting of the right feet was present in 50% of boys and
of the left feet in over 80% of boys. There were no visi-
ble differences in longitudinal vaulting of both feet [3].

The present examination indicates the existence of
changes under influence of regular football training.
Overburdening of the lower limbs during training and
games is certainly one of the causes of those changes.
A footballer most often marches, trots, jogs, but also
runs with moderate speed or sprints, and moves back-
wards. The examinations revealed that an average foot-
ball player runs over 10 km distance during one game
[10]. Football training emphasizes enhancement of the
musculo-ligamentous apparatus and increasing mobility
of the lower limbs. Games are played on various types
of surface. Special football footwear, characteristic
movements of the front part of feet, shift weight to one
of the limbs, unnatural movements of shanks affect the
development of the lower limbs and feet. Shaping of feet
in a child can become disturbed by intense training that
mostly involves the lower limbs, resulting in character-
istic placement of the limbs and vaulting of the feet of
football players.

Conclusions

The examination showed correlation between foot-
ball training and placement of the lower limbs, toes and
vaulting of feet. The footballers examined, especially
those with the longest training experience, had varus
knees, hallux valgus, and varus deformity of the small
toes and depressed transverse and longitudinal vaulting
of the feet more often than the non-training boys. Most
probably it is a result of overburdening of the lower
limbs, especially of the dominant right leg, wearing
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special football footwear and movements of shanks
characteristic of football playing.

Introduction of corrective exercises for knees and
feet to the football training routine should be strongly
considered. It would be advisable to order players to
perform those exercises at home. It is important that
those exercises involve muscles that support the longitu-
dinal and transverse vaulting of the feet and toes.
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ABSTRACT

Purpose. The following paper aims to examine the influence of sensation seeking on training results of skiers with different needs for
stimulation, and to verify the hypothesis that people with higher needs of stimulation can achieve better results in skiing technique
tests. Basic procedures. In order to verify the research hypothesis, a number of tests were carried out, including Zuckerman’s
Sensation Seeking Scale. Forty-one participants in skiing courses were examined. The results achieved by the subjects in skiing
technique trials and in sports tests during the course were taken as the dependent variable. In addition, correlations were established
between the sensation seeking scale results and the skiing theory test results. Main findings. The results showed a gender-related
diversification of the main factors of stimulation demand, such as thrill and adventure seeking, as well as differences in the general
level of stimulation demand. A correlation was established between stimulation demand and skiing technique test results only among
women (0.74**, 0.59**). Conclusions. The skiers examined — regardless of their sex — reveal a high level of stimulation needs in thrill
and adventure seeking. It can also be stated that the correlation between stimulation demand and success in skiing training is
statistically significant in the sample under examination (0.65%).

Key words: downhill skiing, stimulation demand, skiing training

Introduction

Some recreational activities, regardless of the kind
of practiced sport, are often perceived as hazardous.
One of the reasons for such perception could be in-
creased demand for stimulation expressed by partici-
pants in recreation as well as a tendency to experience
a great deal of sensations while undertaking recreation-
al activity [1]. High-risk forms of physical recreation
include rock climbing, bungee jumping, scuba diving,
paragliding, car and motorcycle racing, etc. In fact, any
other widely accessible kind of physical recreation may
involve some elements of risk. Some seemingly low-risk
sports may include extreme elements, depending on
conditions of their practicing, e.g. longer distance, more
challenging terrain (e.g. desert) or increased training
loads. Such sports can be running, cycling, swimming,

*Paper delivered at scientific conference “Present-day snow sports:
current research and perspectives” at the University School of Phy-
sical Education in Katowice in 2007.

**Corresponding author.

sailing or various skiing forms, including progressive
recreational skiing [2, 3].

It may seem that extreme recreational activity can
only be undertaken by experts in particular sports.
However, risk-seekers are often amateurs, including be-
ginning skiers. Skiing amateurs who love to race down
an icy slope also do crave for excitement. Practicing
high-risk recreational activity can be conditioned by
one’s predispositions such as age, gender, skills or indi-
vidual demand for stimulation [4]. Stimulation demand
manifested by conscious seeking of intense skiing sen-
sations can, in our opinion, affect the development of
skiing habits and skills.

Stimulation demand is often directly associated with
the term sensation seeking, which is defined as a per-
sonality trait. Individuals can be categorized according
to their susceptibility to undertake activities generating
intense sensations [5, 6]. The readiness to seek sensa-
tions regarded as an important trait of personality was
described by Marvin Zuckerman [7]. On the basis of
Hebb’s notion of conceptual nervous system [8], Zuck-
erman postulated that people can display individual dif-
ferences in the optimal stimulation of their nervous sys-
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tem. It means that reaching a certain level of emotional
tension is necessary to generate an efficient action to
complete a given task [9].

The differences between individual demands for
stimulation can be affected by a variety of conditions
and situations. The source of stimulation is not so much
the empirical value of stimulation as its importance for
an individual. Individuals with greater needs for stimu-
lation are strongly disposed towards seeking new, in-
tense sensations and experiences. They are also ready to
face physical, social, legal and financial risks to ensure
the supply of proper stimulation [10]. Zuckerman distin-
guished four subcategories of sensation seeking: thrill
and adventure seeking, boredom susceptibility, experi-
ence seeking and disinhibition. He also suggested appli-
cation of the above theory in studies of sports activity
[11], assuming that the individual choice and success in
a certain physical activity depends on one’s need to ex-
perience intense sensations [12].

Zuckerman’s sensation seeking scale has been used
as an assessment tool in studies of stimulation demand
among mountaineers. Freixanet [13] observed a higher
level of stimulation demand among practitioners of ex-
treme mountaineering, both climbers and skiers. Skiers
have also been subject to psychological studies aimed at
determination of the level of their stimulation demand
(risk taking). Following Calhoon [14] and Boutera et al.
[15], it can be assumed that practicing progressive rec-
reational skiing aimed at self-perfection and achieve-
ment of higher results is associated with adoption of
a specific lifestyle which fulfills the skiers’ extraordi-
nary need of stimulation. This issue should be consid-
ered by skiing recreation and skiing training specialists
in terms of selection of forms or systems of skiing train-
ing that would more effectively contribute to the fulfill-
ment of trainee skiers’ needs, achievement of top sports
results and expected improvement of general life quality
[16]. Several research questions can be posed: In what
way do skiers’ diverse stimulation demands (an inde-
pendent variable) affect the outcome of their actions (a
dependent variable)? s a skier’s high demand of stimu-
lation conducive to his or her attainment of better train-
ing results? What forms of skiing activity (technical
skiing, ski gates trails) are undertaken only by sensa-
tion-seeking skiers? How is the aforementioned variable
affected by such factors as the skiers’ sex [6]?

This study aims to answer the above research ques-
tions with the help of the following research hypo-
theses:
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1. Progressive recreational skiers display considerable
stimulation demand.

2. A higher need for stimulation can lead to achieve-
ment of good results in skiing sport tests rather than
in skiing technique tests.

3. Skiers’ gender can be a discriminating factor in the
correlation between stimulation demand and skiing
training results.

Material and methods

The study sample consisted of 41 trainee skiers prac-
ticing progressive recreational skiing, who took part in
training courses organized by the Association of Skiing
Trainers and Instructors of the Polish Skiing Federation
and the University School of Physical Education during
the 2005/2006 season. The subjects included 13 women
and 28 men; their mean age was 23.1 years.

For the assessment of stimulation demand (inde-
pendent variable) Zuckerman’s Sensation Seeking Scale
[7, 17] was used, which consisted of four subscales re-
lated to particular factors of stimulation demand:

1. Thrill and adventure seeking (TAS) manifested by
one’s fondness for outdoor activities, extreme exer-
cises and sports.

2. Boredom susceptibility (BS) manifested by one’s re-
luctance to repeat exercises, sensitivity to idleness
and monotony, and feeling of anxiety in reaction to
routine.

3. Experience seeking (ES) manifested by a non-con-
formist lifestyle, fondness of unplanned trips, seek-
ing company and using stimulants.

4. Disinhibition (Dis), manifested by one’s tendency to
relieve stress and seek relaxation in a self-indulgent
lifestyle, alcohol consumption or erotic sensations.

Due to the nature of the study sample and the subject
of the study, only the first two subscales were used, i.e.
thrill and adventure seeking and boredom susceptibility.
The obtained results were used to determine four levels
of stimulation demand (very high, high, average and
low) on the basis of Zuckerman’s categorization [7], and
then they were processed using the sten scale [18].
U Mann-Whitney test and Spearman correlation coeffi-
cient were used for statistical analysis.! The participants’

I All statistical calculations were made by Elzbieta Hurnik, M.Sc.
from the Computation Centre of the University School of Physical
Education in Poznan, Poland.



HUMAN MOVEMENT
J. Gracz, H. Eleganczyk-Kot, M. Walczak, Stimulation demand in skiers

marks from sport technique tests and skiing theory tests
were used to assess the skiing training results. The
marking system was standardized and consisted of
a 10-point scale. The markers were professional refe-
rees. The skiing sport tests were marked using the sub-
jects’ times at particular ski gates.

Results

The discussion of the obtained results should begin
with an analysis of data concerning stimulation demand
among the skiers under study. Tab. 1 shows that the
highest level of thrill and adventure seeking (TAS) was
reached by men (8.96 pts.), which translated into a very
high level on the Zuckerman scale.

Slightly lower stimulation demand (7.69 pts.), but
still high, was noted among women. The difference be-
tween the men’s and women’s results was statistically
significant (U = 2.73**), which seems to confirm the
first research hypothesis.

In terms of boredom susceptibility (BS) the men’s re-
sults can be regarded as average (3.68 pts.) and women’s
as low (2.84 pts.). The difference between the men’s and
women’s results was statistically non-significant.

Tab. 2 presents the assessment of the subjects’ skiing
training level on a 10-point scale. The highest number
of points was scored by the subjects in their skiing theo-
ry tests (7.6 pts.), followed by skiing technique tests (6.6
pts.) and skiing sports tests (5.3 pts.). In all tests women
scored higher than men, however, the differences were
statistically non-significant.

Tab. 3 reveals correlations between total stimulation
demand (BS and TAS together) and skiing training re-
sults. The highest statistically significant correlation
was noted in women between stimulation demand and
skiing technique test results (0.74**) and sport test re-
sults (0.59%).

A statistically non-significant correlation (0.31) was
also noted between the stimulation demand level and
the skiing theory test results. No significant correlations

Table 1. Stimulation demand in skiers according to Zuckerman’s Sensation-Seeking Scale

Factors of stimulation Women Men All U Mann-
demand (subscales) X SD Mdn X SD Mdn X SD Mdn Whitney test
TAS 7.69 143 8 8.96 1.23 9 8.56 1.41 9 2.73%*
BS 2.84 1.72 3 3.68 1.43 4 341 1.73 3 1.35
Total stimulation demand 10.54  2.69 11 1264 2.09 13 11.97 247 12 2.39%
TAS — thrill and adventure seeking, BS — boredom susceptibility, Mdn — median, *a < 0.05, **a < 0.01
Table 2. Assessment of skiing training results
Assessment tests _ Women — Men — All U Mann-
X SD Mdn X SD Mdn X SD Mdn Whitney test
Skiing technique test 6.73 0.99 6.75 6.45 1.26 6.54 6.54 1.18 6.7 0.75
Skiing sport test 6.07 2.32 7.00 5.57 1.79 6.00 573 1.96 6.00 1.21
Skiing theory test 7.80 0.76 8.00 7.57 0.60 7.61 7.64 0.65 7.75 1.13
Total assessment score 6.87 1.20 7.17 6.53 1.04 6.55 6.64 1.10 6.79 1.24
Mdn — median
Table 3. Correlations between stimulation demand and skiing training results
Stimulation BS TAS BS + TAS
demand
Skiing Women Men All Women Men All Women Men All
training results
Skiing technique test 0.70%* 0.07 0.22 0.40 —-0.11 -0.07 0.74%* -0.04 0.10
Skiing sport test 0.60*  —0.06 0.15 0.26 0.03 —-0.02 0.59* —-0.05 0.08
Skiing theory test 0.40 0.04 0.10 0.05 -0.13 —-0.12 0.31 -0.07 -0.02
Total assessment score 0.64* —-0.03 0.15 0.30 —0.04 —-0.06 0.65* —0.08 0.05

BS — boredom susceptibility, TAS — thrill and adventure seeking, *a < 0.05, **a < 0.01
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were observed among the male subjects. Considering
particular factors of stimulation demand separately, it
can be confirmed that the observed correlations be-
tween the studied variables are most explicit between
boredom susceptibility (BS) and skiing technique test
results (0.70**) and sport test results (0.60*) in women,
and to a smaller extent between thrill and adventure
seeking (TAS) skiing technique test results (0.40) and
skiing sport test results (0.26).

Discussion

Research into sensation seeking has been often car-
ried out in consideration of the risk involved in particu-
lar sport activities. Different sports were classified into
different categories with reference to the likelihood of
accidents (traumas, injuries). Downhill skiing is classi-
fied as a sport with a high injury risk [2, 12]. There is
also note that people practicing high-risk sports are
susceptible to boredom and seek stimulation and ad-
venture [14, 15]. This observation is confirmed by the
results of the present study. The skiers (especially men)
under study featured a high level of stimulation de-
mand. The above mentioned authors fail to describe
possible correlations between the level of stimulation
demand and the level of efficiency of actions in high-
risk sports. The present study revealed diverse correla-
tions between the subjects’ thrill and adventure seeking
and susceptibility to boredom, and their skiing training
results. In terms of total stimulation demand it can be
stated that, in accordance with the first research hy-
pothesis, the skiers under study highly valued thrill and
adventure seeking, outdoor activities, physical exercise
of high risk and eagerness to practice extreme sports.
The skiers also showed relatively greater tolerance to-
wards their participation in boring, monotonous and
repetitive activities. The observed low and average de-
mand for novelty and diversity might be related to their
adaptation to the long-term process of development of
skiing skills and technique.

The second research hypothesis was not confirmed
in the study. No statistically significant correlations
were observed in the group of men under study, i.e. the
presumption about men being adventure-seekers and
achieving higher results in skiing training is not true;
however, it turned plausible for the group of women. It
could be that undertaking sensation-seeking activity
does not affect the effectiveness of men’s participation
in skiing training, but it is quite possible in the case of
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women. The third research hypothesis about gender-re-
lated differences was thus confirmed in the study, how-
ever, it definitely requires further research.

Conclusions

1. The female skiers under study revealed a high and
the male skiers a very high level of stimulation demand
in one sensation-seeking category, i.e. thrill and adven-
ture seeking (TAS).

2. The skiers, regardless of their sex, featured a low
level of boredom susceptibility, i.e. a high level of toler-
ance of monotonous and repetitive activities.

3. High stimulation demand is correlated with higher
skiing training results in women; no such relationship
was observed in the group of male skiers under study.

4. An important factor differentiating the types of
correlations between selected subscales of the sensa-
tion-seeking scale (TAS and BS) and success in skiing
training can be the skiers’ sex.
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ABSTRACT

Purpose. The purpose of this paper is to present a simple, table-graphic model of one-to-one play in soccer based on observation of
cooperation of top soccer players. Basic procedures. The research material consisted of audio-visual recordings from six soccer
matches played by the three top teams of the 2006 World Cup finals. The data concering one-to-one plays was entered on a special
form. Offensive and defensive actions were assessed with reference to the implementation of the game’s objectives and players’
position in the field zones. Main findings. It has been proven that elite soccer players are most effective at intercepting the ball down
the field and in other zones of the pitch. They are also very active in breaking their opponents’ offensive actions in midfield.
Conclusions. The models reflecting elite soccer players’ efficiency in one-to-one play should constitute important references for the

training of novice soccer players.

Key words: soccer, efficiency, one-to-one play, model

Introduction

A sport team game consists of a struggle between
players from two opposing teams, who try to secure
a point lead following the rules of the game. The strug-
gle consisting of players’ actions is a process of inces-
sant arrangement of relationships between team mates,
opponents and other persons involved in competition.

The essence of team play is the interdependence of
actions of all the players. The degree of this interde-
pendence varies and is contingent on the complexity of
situations during the game. The players’ actions during
a team game can be divided into those enabling achieve-
ment of the game’s objectives (individual actions on the
ball indirectly dependent on team mates; and team ac-
tions directly dependent on team mates) and those fa-
cilitating achievement of these objectives (organiza-
tional and socio-emotional facilitation) [1].

The player’s individual actions with the ball against
a single opponent or individual actions without the ball
against an opponent in possession of the ball, which are
relatively independent of the player’s team mates, can
be called a one-to-one play.

One-to-one play is direct interaction of two players
from the opposing teams aimed at attainment of contra-
dictory goals according to the rules of the game. One-
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to-one play in attack is a total of actions and reactions of
a player with the ball taken against a single opponent,
aimed to score a point (goal), create a goal scoring op-
portunity, control the field of play and/or retain posses-
sion of the ball. One-to-one play in defense consists of
actions of a player against one opponent in possession
of the ball aimed at interception of the ball, breaking his
movement or blocking the movement of the ball [2].

The above definitions of one-to-one play do not
cover struggle to take control of a loose ball, i.e. actions
of two opponents to take control of the ball, or com-
bined actions, i.e. actions commencing with a player in
possession of the ball engaging in one-to-one play and
then switching to cooperation with another team player,
e.g. passing the ball.

The results of one-to-one play should be assessed
positively or negatively in terms of attainment of the
aims of the game in attack or defense. On the other
hand, a player’s habitual behavior in unexpected situa-
tions of struggle for a loose ball should be marked posi-
tively regardless of the results of his actions. The play-
er’s readiness and actions to take possession of a loose
ball (taken without setting a definite goal and course of
action) are qualities by themselves as they facilitate the
synergic effects of actions of the entire team. Possible
assessment can be willingness (positive assessment) or
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unwillingness (negative assessment) to undertake such

actions [3].

Praxeology of sport play deals with a multiplicity of
its components represented as a system of sets: effi-
ciency criteria!, players’ patterns of behavior and ac-
tions, changing situations during competition, aims
pursued by players, players’ performance, ontogenetic
dispositions to play, and relationships within and be-
tween individual sets. Such a system is, in fact, a theo-
retical model of play enabling a detailed and ordered
presentation of qualitative and quantitative characteris-
tics (models) of the game components [4].

Praxeological models are constructed to understand
the principles of sport play and to improve players’ ac-
tions. According to Panfil, the praxeological models
enable:

« improvement of actions during play by referring to
objective models;

* improvement of effectiveness in play by imitating
model performances;

» economization of players’ actions through limitation
of ineffective actions and thus elimination of the
costly “trial and error” method [4, p. 151].
Designing praxeological models requires multiple

and reliable, objective observations of top class players
in real competition. The assessment of individual ac-
tions performed by players must take into consideration
the changing situations during play (stage and aim of
the game; place, way, time and conditions of action).
The ordering and valuation of observed actions accord-
ing to the accepted rules allow distinction of situation
patterns, i.e. representation models. The representation
models can then be used to create design models which
can facilitate players’ actions by demonstrating classi-
fied types of situations and their solutions.

The praxeological model of sport play includes, in
particular, tabular models, mathematical models (indi-
ces), graphic model (charts or computer generated
models) and simplified reality models (smaller game
variants, game parts, game tasks, etc). Simple mathe-

! In praxeological terms, efficiency of action is understood as a to-
tal of practical qualities of play, which includes: activity (number of
actions performed by players of one team during a match), effecti-
veness (number of positive actions with reference to the game’s
aims) and reliability (ratio between the number of effective actions
and the number of all actions of one type during the game). Other
indices of play efficiency encompass rationality (actions cognitive-
ly justified), valuableness (value of assessment of action efficiency)
and economy (loss-gain ratio) [4].

matical models contain the main indices of effective-

ness and reliability as well as auxiliary indices of activ-

ity, movement and controlling the zones of the field of

play [4].

The present paper aims to demonstrate in a table-
graphic form a simplified model of one-to-one play in
soccer based on observation of cooperation of top soc-
cer players. The following research questions have been
posed:

1. What player’s actions — indirectly dependent on his
team mates — are most frequently performed in one-
to-one attack and one-to-one defense plays?

2. What is the activity, effectiveness and reliability of
actions of soccer players intending to score a goal,
create a goal scoring opportunity, take control of the
field of play and keep possession of the ball in one-
to-one plays?

3. What is the activity, effectiveness and reliability of
actions of soccer players intending to intercept the
ball, tackle an opponent and control the field of play
in one-to-one plays?

4. What is the activity of soccer players struggling to
gain possession of a loose ball?

Material and methods
The research material consisted of audiovisual re-
cordings of six soccer matches played during the 2006

World Cup finals. The games of the three top teams
were examined (Tab. 1).

Table. 1. Soccer matches and their results

Competing teams* Score ~ Tournament stage
1. Italy—Czech Republic 2:0 group stage

2. Italy—Ukraine 3:0 quarter-final

3. France—Brazil 1:0 quarter-final

4. France—Portugal 1:0 semi-final

5. Germany—Portugal 3:1 third-place match
6. Germany—Sweden 2:0  knockout stage (1/8)

* teams under study in bold

The gathered data concerning one-to-one plays were
entered on a special observation form?. The analysis
was concerned with the efficiency of offensive and de-
fensive actions in one-to-one plays considering the
game’s objectives (goal scoring, creating a goal scoring

2 Based on earlier studies concerning the objectivity of the pro-
posed method, its reliability amounts to 97% and total accuracy to
95% [3].
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opportunity, taking control of the field of play and keep-

ing possession of the ball in attack; interception, tack-

ling, controlling the field of play in defense) and field

zones® (defense zone (A), midfield (B), attack zone (C)).
The following one-to-one play actions indirectly de-

pendent on team mates were defined:

» keeping possession of the ball — action of the player
in possession of the ball against an opponent within
2 m, leading to the former moving parallel to the
goal line or towards his own goal or retaining pos-
session of the ball without movement;

+ taking control of the field of play — action of the
player in possession of the ball against an opponent
within 2 m leading to moving the ball towards the
opponent’s goal;

* creating a goal scoring opportunity — action of the
player in possession of the ball against an opponent
within 2 m, leading to the possibility of taking a shot
at the goal or passing the ball to the striker;

» scoring a goal — action of the player in possession of
the ball against an opponent within 2 m, leading to
taking a shot or having a temporary freedom of ac-
tion to perform the shot (against the goalkeeper and
against a defender);

* interception — action of a player against the opponent
in possession of the ball within 2 m, leading to inter-
ception of the ball and undertaking an offensive ac-
tion;

+ tackling — action of a player against the opponent
with the ball within 2 m, leading to dispossessing
the latter of the ball temporarily (clearing) or perma-
nently (interception);

» controlling the field of play — action of a player
against the opponent in possession of the ball within
2 m, leading to the latter moving parallel to the goal
line or towards his own goal or retaining possession
of the ball without movement, or passing the ball to
a team mate.

Results and discussion

Data from Tab. 2 show that the dominant actions in
one-to-one plays during the competition included keep-

3 The defense zone (A) is the area between the player’s own goal
line, both touchlines and an imaginary 33 m line parallel to the goal
line; the attack zone (C) is the area between the opponent’s goal
line, both touchlines and an imaginary line parallel to the goal line;
the area between the attack zone and the defense zone is the mid-
field (B).
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Table 2. One-to-one play in attack
Index Number Percent-

Action age
Scoring a goal after one-to-one play 10 2.7
against the goalkeeper

Scoring a goal after one-to-one play 1 0.3
against a defender

Creating a goal scoring opportunity 30 8.0
Taking control of the field of play 116 30.8
Keeping possession of the ball 219 58.2
Total 376 100.0

ing possession of the ball (58.2%) and taking control of
the field of play (30.8%). Creating a goal scoring oppor-
tunity amounted to 8% of one-to-one play actions,
while scoring a goal to only 3% (including merely
one-to-one play action against a defender).

Tabular and graphic models (Tab. 3, Fig. 1) show that
the players in the matches examined were most efficient
in taking control of the field of play (14.16 actions on
average during a game; with 78% reliability). On other
hand, keeping possession of the ball (36.50 on average
per game) revealed much lower reliability (61%).

In creating goal scoring opportunities the World
Cup soccer players displayed 60% reliability (three ef-
fective actions out of five situations per game on aver-
age); however, in terms of goal scoring their reliability
was the lowest and featured 45% (1.83 actions per
game).

The activity and effectiveness results of one-to-one
play considering the field zones from Tab. 3 lend cre-
dence to the observed tendencies among the top World
Cup teams. The players’ activity in creating goal scor-
ing opportunities and goal scoring was observed only in
the attack zone (C). Effective possession of the ball and
taking control of the field of play were the dominant ac-
tions in midfield (B). Keeping ball possession was also
most frequent in the defense zone (A). The players dis-
played the highest reliability of one-to-one play in tak-
ing control of the field of play, which decreased as they
moved up the field (attack zone — 87%, midfield — 79%,
defense zone — 63%).

Earlier research [5] revealed statistically significant
differences in activity and reliability of one-to-one play
in attack between winning and losing soccer teams. The
former engaged in one-to-one play more frequently and
efficiently, especially in the midfield (B) and attack
zone (C).
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Table 3. Efficiency of one-to-one play in attack considering the game’s objectives and field zones

Index Defense zone (A) Midfield (B) Attack zone (C) Entire pitch

Action A E R A E R A E R A E R
Scoring a goal after one-to-one play 0 0 0.00 0 0 0.00 11 5 045 11 5 045
Creating a goal scoring opportunity 0 0 0.00 0 0 0.00 30 18  0.60 30 18 0.60
Taking control of the field of play 8 7 0.87 62 49 079 46 29 063 116 8 073
Keeping possession of the ball 32 21 0.66 126 81 0.64 6l 31 051 219 133  0.61
A —activity, E — effectiveness, R — reliability
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Figure 1. Graphic model of one-to-one play in attack
(average number of actions per game)

Tab. 4 presents a model of one-to-one play in de-
fense. It shows that the dominant one-to-one action in
defense undertaken by the top teams under study was
tackling (40.45%) followed by interception (29.67%)
and controlling the field of play (29.88%).

Fig. 2 shows a graphic model of the average number
of one-to-one actions in defense. It can be noted that the
top soccer players under study tackled their opponents
33 times, and controlled the field of play and intercepted
the ball 24 times on average per game. The number of
effective actions per game amounted to 14.66, 7.8, and
18.16, respectively.

The data from Tab. 5 show that the players of the top
three 2006 World Cup teams achieved the highest relia-
bility of actions in interception (75%), and much lower
in tackling (44%) and controlling the field of play
(32%). Tab. 5 shows that the players’ activity was the
highest in midfield (tackling — 120 times, controlling
the field of play — 62, ball interception — 58) and that
they intercepted the ball in their own defense zone very
frequently (60 effective actions out of 69 one-to-one ac-
tions). The reliability of their interception was the high-
est in the defense zone (87%) followed by attack zone
(68%) and midfield (62%).

Control the field
of play

- Interception Tackling

Figure 2. Graphic model of one-to-one play in defense
(average number of actions per game)

Table 4. One-to-one play in defense
Index Number Percent-

Action age

Interception 146 29.67
Tackling 199 40.45
Controlling the field of play 147 29.88
Total 492 100.00

The analysis confirmed the tendencies in the play of
elite soccer teams observed in earlier research. The top
European Championship and World Cup teams are
greatly superior to other teams in their one-to-one ball
interception activity, effectiveness and reliability in
midfield [5].

It should be emphasized that the soccer players un-
der study achieved the lowest results in tackling and
controlling the field of play in their attack zone (26%
and 36% reliability).

One of the characteristic elements in soccer play is
one-to-one struggle to gain possession of a loose ball.
Such situations are accidental plays resulting from un-
intended clearing, rebounding, the ball hitting the refe-
ree, corner flag, or goalkeeper’s punting downfield.
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Table 5. Efficiency of one-to-one play in defense considering the game’s objectives and field zones

Index Defense zone (A) Midfield (B) Attack zone (C) Entire pitch
Action A E R A E R A E R A E R
Interception 69 60  0.87 58 36 062 13 13 068 146 109 075
Tackling 60 40 0.66 120 43 036 5 19 026 199 88 044
Controlling the field of play 74 15  0.20 62 28 045 4 11 036 147 47  0.32

A — activity, E — effectiveness, R — reliability

They involve two opponents who undertake almost si-
multaneous action to gain possession of the ball.

Fig. 3 shows that the top World Cup soccer players
undertook on average 82 one-to-one actions in defense,
63 in attack and 70 actions to gain possession of a loose
ball per game. In quantitative terms, the statistics was
exemplary. Results of other studies [6—9] show that the
number of one-to-one actions undertaken by top soccer
players ranged from 200 to 300 per game.

Tab. 6 shows the number of one-to-one actions to
gain possession of a loose ball. It can be noticed that
most often the top soccer players under study undertook
such actions in midfield (33.33), and then in their own
defense zone (22) and attack zone (14.33). The number
of actions to gain possession of a loose ball ranged from
40 (France—Portugal) to 84 (France—Brazil) per game.

.struggling for loose balls

[Tone-to-one play in defense

.one-lc-one play in attack

Number of actions per game

50

One-to-one play

Figure 3. Graphic model of the number
of one-to-one actions

Numerous studies and expert opinions point to the
great significance of team work to achieve success in
team games. It is often emphasized that modern soccer
is dominated by offensive actions consisting of swift
play without receiving the ball, involving changing po-
sitions and tasks, and controlling the opponent by “play-
ing ball”. A modern soccer team which loses the ball,
quickly rearranges its defense line and coordinates all
the actions to successfully intercept the ball [3].

However, the significance of one-to-one play in soc-
cer must not be sidelined. Following Panfil, “Team
building weakens individual actions. This is an adverse
influence as it confines the range of means to achieve
the game’s aims to actions which are directly dependent
on team mates. It also lowers the level of players’ satis-
faction and, in consequence, their motivation to act” [4,
p. 75]. Panfil suggests that such influence should be
avoided by considering individual aspirations within the
indispensable, effective team actions.

The results of the present study indirectly confirm
the above observations. Most likely the relative easiness
of playing ball in one’s own defense zone, forcing the
highest activity from the players in midfield and their
reduced efficiency in the attack zone results from the
way the opposing team’s defense is organized (active
zone defense, off-sides, double marking, altering de-
fense width and depth).

The above analysis revealed that the players were
most effective while intercepting the ball not only in
their own defense zone but also in the other zones of the
pitch. They were also highly active in breaking the op-
ponent’s offensive actions in midfield. In attack, they
displayed great efficiency in taking control of the field

Table 6. The number of actions to gain possession of a loose ball

Index Defense zone (A) Midfield (B) Attack zone (C) Entire pitch
Loose balls
Number of actions 132.00 200.00 86.00 418.00
Arithmetic mean 22.00 33.33 14.33 69.66
The lowest number of actions 15.00 19.00 8.00 40.00
The highest number of actions 35.00 46.00 19.00 84.00
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of play and ball possession (mostly in midfield) as well
as in creating goal scoring opportunities.

The results of the research show that the elite soccer
players were very active in midfield. This partially con-
firms the well-known rule of soccer: “Who controls the
midfield, wins the game.”

It should also be noticed that the overall reliability of
the teams in one-to-one play (all one-to-one plays re-
gardless of the game’s aims, field positions and strug-
gles for loose balls) amounted to 60% in attack and
50% in defense, considering the relative balance be-
tween the number of offensive and defensive actions (63
one-to-one plays in attack and 82 one-to-one plays in
defense per game on average). It shows that one of the
major indicators of soccer play at the highest level can
be a high efficiency of one-to-one play actions in at-
tack.

Conclusions

1. The analysis of one-to-one plays in attack in the
matches under study revealed a dominance of actions
aimed at keeping possession of the ball and taking con-
trol of the field of play. They constituted 89% of all the
actions and featured 78% and 61% reliability, respec-
tively. Creating goal scoring opportunities and goal
scoring were rarer (8% and 3%, respectively) and their
reliability was lower (60% and 45%, respectively).

2. In one-to-one plays in defense the soccer players
displayed the highest activity (40%) in tackling, fol-
lowed by interception (30%) and controlling the field of
play (30%). The actions of highest reliability included
interception (75%), tackling (44%) and controlling the
field of play (32%).

3. The top World Cup players engaged in about 70
one-to-one struggles per game to gain possession of

a loose ball. In these plays their activity was the highest
in midfield.

4. Models reflecting one-to-one actions by top level
soccer players should serve as important references in
training of novice players.
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ABSTRACT

Gene doping is defined by the World Anti-Doping Agency (WADA) as “the non-therapeutic use of genes, genetic elements and/or
cells that have the capacity to enhance athletic performance.” The rapid development of molecular biology has enabled not only
treatment of many diseases, but also improvement of athletes’ fitness. Gene therapy methods can be used to modify the athlete’s
body by inserting genes into the target tissue. It is very possible that in near future, many genes will be used in gene doping, e.g.
erythropoietin, growth hormone, insulin-like growth hormone and vascular endothelial growth factor. Functional tests conducted by
many independent laboratories proved that products of these genes exert a crucial influence on the body’s adaptation to exercise.
The risk of gene doping is enormous. Gene therapy is currently in the phase of clinical tests so it is impossible to predict what kind of
side effects it may produce. Studies on animal models showed that the uncontrolled transgene expression and insertional mutagenesis
can even lead to death. At present the detection of gene doping is very difficult for a variety of reasons. The main problem is the
identification of the transgene and endogenously produced protein. The only possible detection is the biopsy of the target tissue,

where the exogenous genes were inserted.

Key words: gene doping, performance enhancement, gene transfer, doping detection

Introduction

One of the most serious problems of present-day
competitive sport is the increasing abuse of various per-
formance-enhancing substances. Doping is not a product
of modern times; illegal stimulants were already used in
antiquity. The first recorded case of using substances
enhancing athletes’ physical performance dates back to
the Olympic Games in the 3™ century BC. The use of
doping was also known in ancient Rome and Egypt. The
first banned substances were of natural origin and in-
cluded, for instance, a beverage from donkey hooves, or
dried figs [1]. In the 19" century long-distance swim-
mers and cyclists were reported to use such performance
enhancing substances as caffeine, strychnine, ether, al-
cohol or oxygen. The state of knowledge of the human
physiology and effects of different substances on metab-
olism of human cells was fairly limited at that time and
athletes’ abuse of the mentioned compounds led some-
times to death. The first recorded lethal case was cyclist

* Corresponding author.
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Arthur Linton who died in 1896 after having taken
strychnine. The absence of drug tests made many ath-
letes enhance their performance with impunity. Taking
stimulants, however, not always yielded favorable results
and often led to serious health problems.

In the case of present-day athletes one may gain an
impression that using “ordinary” stimulants is not suf-
ficient. The development of medicine and molecular bi-
ology makes it possible to use doping adjusted to indi-
vidual physiological parameters important for a given
sport. The number of athletes ready to violate the rules
of fair play to achieve better results increases constantly.
Many of them are ready to risk their health, or even life,
to take first place. Attaining a desired aim takes priority
over health consequences of using doping substances.

At present, the list of banned substances taken orally,
intravenously or intramuscularly includes a few dozen
items. In recent years some recombinant substances!
that have been successfully used in treatment of many

! Recombinant substances are natural compounds present in the
human body, which are manufactured synthetically, e.g. growth
hormone, erythropoietin and insulin.
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diseases have been often administered as illegal stimu-
lants. The first recombinant substance was insulin, pro-
duced in bacteria host cells following the insertion of
a viral vector carrying an insulin-encoding gene. It be-
came registered in the United States in 1982 as Humu-
lin. Recombinant substances can enhance the muscle
function, aerobic capacity or the body’s regeneration.
They are manufactured using prokaryotic or eukaryotic
expression systems. Their production consists of con-
structing expression vectors, which are fragments of
genomes (e.g. bacterial, Saccharomyces or mammalian
cell lines), to introduce and express a specific gene into
a target cell. Once the expression vector is inside the
cell, a protein encoded by the gene is produced by the
cellular transcription and translation machinery [2].
The recombinant substances are still very difficult to
detect, and an increase in their abuse by athletes can be
expected in the future. The commercialization of new
pharmaceuticals manufactured with the aid of biotech-
nology will lead to their wider accessibility.

A form of doping which has recently become very
attractive to some athletes is gene doping based on gene
therapy methods, which allows direct insertion of genes
into the athlete’s body. The products of such genes, e.g.
proteins, can be used as a substance enhancing athletic
performance. The long-term production of such protein
in the target tissue increases its concentration and activ-
ity. Gene doping methods include:

* insertion of a specific gene into the target tissue;
* administration of substances enhancing gene ex-
pression.

The prospects of gene doping can be very attractive
to athletes, as for the time being its detection remains
virtually impossible.

Gene doping is becoming a serious hazard. In 2005
the World Anti-Doping Agency (WADA) defined gene
doping as “the non-therapeutic use of genes, genetic ele-
ments and/or cells or modification of gene expression
that have the capacity to enhance athletic performance.”
The list of prohibited substances tested for gene doping
becomes longer each year; the most popular substances
include growth hormone (GH), erythropoietin (EPO), in-
sulin, insulin-like growth factor (IFG-I), hemoglobin-
based oxygen carriers (HBCOs), alpha-actinin 3 (ACTN3),
angiotensin convertase (ACE), hypoxia inducible factor
(HIF-1a), delta peroxisome proliferative activated recep-
tor delta (PPAR), and endothelial growth factor (VEGF).

Gene insertion techniques used in gene therapy can
be divided into:

* biological: through viral vectors;
* physical: through injection or gene gun;
* chemical: through liposomes.

The most effective are methods using viral vectors,
which can modify both prokaryotic cells (bacteria) and
eukaryotic cells (yeasts, insect cells, mammalian cell
lines). They usually involve deletion of a part of the viral
genome critical for viral replication. Such a recombinant
virus can efficiently infect cells which are capable of
transgene expression. The most frequently applied viral
vectors are retroviruses, adenoviruses, Herpes simplex
viruses and adeno-associated viruses (AAV).

An ideal viral vector should:

* be able to penetrate both prokaryotic and eukaryotic
cells;

+ easily integrate into the host genome;

* ot cause any responses of the immune system;

» feature a high level of expression of the carried
gene;

» synthesize proteins of low toxicity;

* be capable of regulating gene expression.

The main advantages of viral vectors include long-
lasting expression of the transduced gene and cellular
tropism. However, such a significant intervention in the
human body may lead to severe complications like:
 insertional mutagenesis, associated with the applied

viral vector system, type of transformed cell, loca-

tion of vector integration, and transgene expression;
* development of an infectious virus;
» excessively long or uncontrolled transgene expres-
sion.

During insertion of a gene into the organism, its ex-
pression should be controlled to prevent excessive
amounts of protein from accumulating. Otherwise an
uncontrolled cell division, cell toxication or poisoning
of the entire body may occur.

Gene therapy involves many risks related to the
ways of gene insertion into the target tissue, immuno-
logical response to the viral vector, or insertional muta-
tions. The history of gene therapy knows cases of pa-
tients” deaths or development of leukemia, e.g. death of
a patient suffering from the deficiency of transcarbam-
oilase due to transduction of an unmutated gene; or in-
duction of insertional mutation by a retroviral vector
resulting in leukemia in 2 out of 11 patients suffering
from X chromosome-related acute complex immuno-
logical deficiency [3].

The effects of application of such methods by ath-
letes willing to “perfect” their bodies are very difficult
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to predict. There are alarming reports about studies into
gene transduction into human tissues and gene expres-
sion resulting in long-lasting protein overexpression.
Observing the increasing tendency among athletes to
constantly enhance their performance by all means, one
can expect that they would reach for gene doping, una-
ware of its hazards. Intensive research into gene doping
detection has so far brought no successful results. Gene
doping detection is exceptionally difficult as the insert-
ed gene causes an increase in the concentration of a spe-
cific substance only in the target tissue. Thus any blood
or urine tests are not able to detect it. It is also highly
probable that a transgene product will be identical to
a naturally synthesized protein, and the detection of dif-
ferences between such two products will require a great
quantity of detailed tests. Another question is whether
a higher concentration of a given factor is a result of
training, doping or athlete’s genetic predispositions
which can lead to its increased expression.

Selected non-viral techniques of gene insertion
Electroporation

Electroporation consists of application of a high volt-
age current to target cells. It opens the pores in the cell
membrane through which exogenous DNA can enter
the cell.

Gene gun

A gene gun is a device for injecting cells with ge-
netic information. It uses particles of a heavy metal
(gold, silver, tungsten) coated with plasmid DNA. The
DNA coated particle is delivered to the target tissue
with the aid of a helium propellant and the DNA is re-
leased into the cytoplasm. The inserted DNA then mi-
grates into the cell nucleus where it becomes integrated
into the genome DNA.

Liposomes

Liposomes are spherical vesicles composed of a bi-
layer membrane, whose structure resembles the mem-
brane of animal cells. The delivery of DNA into a cell
consists of a fusion between the liposome and the cell
membrane. The amount of DNA delivered this way is
far smaller than by using viral vectors; however, the li-
posomes have been considered by researchers for drug
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delivery in treatment of cancer and a number of genetic
disorders.

Prohibited substances used in sport doping
Growth hormone (GH)

One of the most commonly abused substances in
sport over the last decades has been undoubtedly growth
hormone, also known as somatotrophine. GH is a pro-
tein hormone, which is secreted in large pulses from the
anterior pituitary. The GH secretion is stimulated during
sleep, fever, physical exercise, stress as well as by some
amino acids (leucine, arginine) and hormones (estrogens
and androgens). The GH level also increases in hyper-
thyroidism. Long and intense physical exercise can ele-
vate GH secretion up to ten times [4]. The inhibitors of
GH secretion include obesity and hyperglycemia.

The peak GH secretion takes place in puberty and
then it decreases with age. GH affects a number of dif-
ferent tissues; however, it exerts the greatest influence
on the bone tissue, cartilage, skeletal muscle, adipose
tissue, liver, kidneys and the immune system. Soma-
totrophin has anabolic activity. Its protein synthesis po-
tential is comparable to that of testosterone. GH pro-
motes lipolysis, enhances calcium retention and bone
growth and mineralization by stimulating chondrocytes
to synthesize insulin-like growth factor (IGF-I), which
in turn enhances the synthesis of collagen and muco-
polysaccharides. It also promotes the synthesis of IGF-I
in the liver. GH is regarded as the agonist of insulin.
Some factors, e.g. stress or physical exercise, activate
the central nervous system which sends impulses to the
hypothalamus. Depending on the type of impulse the
hypothalamus cells start synthesizing the growth hor-
mone releasing hormone (GHRH) or growth hormone
inhibiting hormone, i.e. somatostatine (SS). These fac-
tors reach the anterior pituitary and stimulate or inhibit
GH secretion. GH receptors are located in the majority
of human tissues. The contact between GH and a recep-
tor results in dimerization of the former and stimulation
of the intracellular domain of the receptor tyrosine ki-
nase. The signal transduction consists of protein phos-
phorylation and, in consequence, of regulation of tran-
scription of specific genes. GH secretion can be also
stimulated by ghrelin — a short peptide produced in the
hypothalamus, anterior pituitary and stomach.

About 50% of GH in the blood is bound to the
growth hormone binding protein (GHBP). The GHBP
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level in serum depends on a number of factors, e.g. age,
nutritional status, and the levels of growth hormone, in-
sulin and sex hormones.

Important mediators in GH activity are insulin-like
growth factors (IGF-I, IGF-II) synthesized in the liver
stimulated by GH. The activity of IGFs can be of auto-
crine and paracrine character, e.g. in fibroblasts, myob-
lasts, chondroblats, osteoblats and brain or renal cells.

In the late 1950s GH from the pituitary of deceased
persons was first used for treatment of somatorophin
deficiency in children. In 1989 recombinant human
growth hormone (thGH) was developed. The rhGH
treatment of patients with GH deficiency increases the
muscle mass and lean body mass, reduces the adipose
tissue and enhances the functioning of the heart and
kidneys [4].

Growth hormone became commercially available as
an ergogenic aid in 1988 and soon became immensely
popular among athletes who were interested in the en-
hancement of their training quality. The attractiveness
of GH relied on a conviction that the hormone strength-
ened tendons, accelerated tissue regeneration, increased
muscle mass and strength and reduced the fat deposi-
tion. Its main advantages were anabolic activity, acces-
sibility, small risk of side effects and impossibility to
detect [5].

Growth hormone is mainly abused by strength
sports athletes, sprinters as well as endurance sports
athletes and soccer players. GH is often used by women
as it entails no risk of androgenic side effects [4].
A number of outstanding athletes were known to use
GH doping, e.g. Ben Johnson, who was stripped of his
Olympic gold medal from Seoul in 1988 after having
admitted taking GH in combination with anaerobic
steroids for many years [5].

Despite the conviction about the absolute safety of
GH use, there are indications that a long-term adminis-
tration of human growth hormone can increase the risk
of diabetes, retention of fluids, joint and muscle pain,
hypertension, cardiomyopathy, osteoporosis, irregular
menstruation, impotence and elevated HDL cholesterol
[6].

A few independent laboratory tests failed to confirm
the observation of GH greatly enhancing muscle
strength and mass. Taking large doses of GH does not
enhance exercise-induced protein synthesis. It leads to
an increase of the lean body mass in result of adipose
tissue reduction, increasing total body water and the
level of total protein synthesis in the body. These data

concern, however, the entire body rather than individual
body parts. An increase in muscle strength was not ob-
served due to GH administration [4].

Insulin-like growth factor I (IGF-I)

The insulin-like growth factor I (IGF-I) is a media-
tor of growth hormone which affects almost all tissues
in the human body. Six IGF binding proteins have been
identified in serum as well as an acid-labile subunit
(ALS). IGF-I affects the cells through the receptor tyro-
sine kinase but it can also bind with an insulin receptor
and cause hypoglycemic effects. IGF-I plays a key role
in GH regulatory processes. The local synthesis of IGF-I
leading to its autocrine and paracrine secretion is an in-
dication that IGF-I is a factor inducing a variety of met-
abolic processes [5]. The blood concentration of IGF-I is
related to age, sex, diet (low-calorie and low-protein diet
decrease the IGF-I level) as well as the levels of insulin,
parathyroid hormones, sex hormones (estrogens de-
crease and androgens increase the IGF-I level). In dia-
betes and pregnancy the IGF-I synthesis decreases, but
it rises in regenerating tissues (especially in skeletal
muscle). A higher IGF-I synthesis was observed in the
course of some malignant diseases, e.g. prostate, breast
and colon cancer. The spectrum of IGF-I activity in-
cludes:

+ stimulation of cell growth and development in bone,
cartilage, muscle, hematopoetic system, kidneys and
pancreas;

+ stimulation of growth;

* activation of protein synthesis and glucose and gly-
cogen uptake;

* inhibition of degradation of muscle proteins;

* regeneration of tissues;

» antiapoptic effects (in reaction to hypoxia);

 stimulation of acetylocholine secretion;

» regulation of the cell growth cycle;

* modulation of immunological response (affecting
the synthesis of cytokines, and immune system
cells) [6].

The clinical use of recombinant human IGF-I
(thIGF-]) is based on its regulatory properties. The
rhIGF-I regulates glucose homeostasis through regula-
tion of insulin activity and it has been used in treatment
of diabetes mellitus type 1 and insulin resistance for
about twenty years. The administration of IGF-I in pa-
tients with diabetes mellitus type 2 and acute insensitiv-
ity to insulin has also yielded positive test results. The
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influence of endogenous IGF-I on glucose metabolism
is not clear: it either directly lowers the glucose activity,
or directly increases insulin sensitivity [7].

The control of IGF-I expression is multilevel. The
IGF-I expression is controlled by hormones, mainly gly-
cocorticoids, which cause a decrease of IGF-I expres-
sion in osteoblasts and of type I collagen expression as
well as an increase of type I1I collagen expression. They
also induce apoptosis in many types of cells. Research
has shown that cortisol lowers IGF-I expression for
50%, whereas parathormone and prostaglandin E2
(PGE2) stimulate it [8, 9].

Endogenous IGF-I has three protein isoforms:

* IGF I-Ea synthesized in skeletal muscle, very similar
to the main IGF-I form produced in the liver;

* Mechano-Growth Factor (MGF) produced in skele-
tal muscle;

» IGF I-Eb produced in the liver; its role in muscle re-
mains unknown.

Exercise-induced MGF expression most likely leads
to the activation of satellite cells responsible for the for-
mation of new muscle fibers. MGF plays a significant
role in muscle hypertrophy following training or muscle
damage [10]. In young people the MGF expression oc-
curs after the first strength training session. In older
people it comes much later: only after five weeks train-
ing did the amount of mRNA MGF increase for 163%.
Strength training-induced MGF expression increases
even for 456% following the administration of thGH in
elderly men [11]. It proves that only the combination of
physical exercise and administration of thGH can result
in muscle hypertrophy. Most studies have indicated that
rhGH administered in non-training subjects fails to en-
hance muscle strength [10]. One of results of strength
training was also the expression of IGF-Eb; however,
the precise role of this protein in muscle remains un-
known.

IGF-I can be abused as a stimulant due to some of its
properties:

» hypertrophic adaptation of muscles to exercise, i.e.
working hypertrophy;

* potential contribution to adaptation of the cardiac
muscle to exercise;

* participation in glucose metabolism;

* affecting the ion balance.

IGF-I can be regarded as an attractive doping sub-
stance due to its role in the Growth Hormone/IGF-I axis
in glucose metabolism. Clinically administered GH and
IGF-I induce changes in glucose homeostasis and resist-
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ance to insulin. The role of IGF-I is similar to that of
insulin, whereas GH is antagonistic. The precise mech-
anism of these processes remains largely unknown;
however, an increased GH secretion lowers the insulin
blood level, which leads to IGF-I synthesis in the liver
[12]. Studies on mice showed that the lack of IGF-I gene
resulted in a decrease of IGF-I in circulation, higher
blood levels of GH and insulin and reduced or absence
of insulin sensitivity. Insulin insensitivity was shown to
be muscle-specific and associated with the lack of acti-
vation of insulin receptor and insulin-receptor substrate.
The insertion of recombinant human IGF-I decreased
the level of insulin in blood and increased insulin sensi-
tivity [12]. These studies confirm that IGF-I is an im-
portant factor regulating the glucose concentration in
blood, which significantly affects the body’s adaptation
to physical exercise.

Each kind of strength, endurance or speed training
significantly loads the myocardium. There are currently
a number of studies being conducted on rats which are
to reveal whether IGF-I can influence the adaptation of
the cardiac muscle to physical exercise. The insertion of
exogenous IGF-I increases the amount of mRNA of the
insulin-like growth factor I receptor after six weeks of
swimming training. The training caused an elevated
myocardial IGF-I mRNA expression in rats with and
without transduced exogenous IGF-I [13]. These results
point to the fact that the role of IGF-I in the body’s ad-
aptation to intensive exercise is not merely confined to
the muscle tissue but is related with all IGF-I sensitive
tissues.

An intramuscular, intravenous injection or oral ad-
ministration of IGF-I or other doping substances is eas-
ily detectable in blood or urine tests. Thus, gene therapy
researchers pointed to the fact that gene transfer could
be also used for enhancement of athletic strength and
performance. Numerous tests were carried out aimed at
the IGF-I gene transfer via a viral vector into the muscle
tissue of mice with Duchenne muscular dystrophy [14].
The inserted IGF-I gene was only expressed in skeletal
muscle cells, but there was no increase in the concentra-
tion of IGF-I in blood or urine. The results were remark-
able: an increase in muscle mass of 15-30% was ob-
served in the mice infected with the recombinant virus.
Other tests show that in mice with permanent IGF-I
gene overexpression the skeletal muscle mass was in-
creased for about 20-50% and their regenerative capa-
bilities were similar to those of younger organisms. The
muscle regeneration consisted of reconstruction of the
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cell membrane of muscle fibers and formation of new
myofibrils in an existing muscle fibre. In mice with
heavy dystrophy the regenerative processes were greatly
accelerated. The question appeared whether apart from
the increase in muscle mass an increase in muscle
strength can be also achieved. H. Sweeney’s and R. Far-
rar’s teams revealed that an insertion of a vector carry-
ing the IGF-I gene and a few weeks strength training
caused a twofold increase in muscle strength. Charac-
teristically, after discontinuation of training the muscle
with the transgene returned to its original state much
slower than the one without it. Additionally, an increase
in muscle strength of 15% was observed in rats unable
to move after the IGF-I transfer [14]. These results are
very promising as they point to the great significance of
IGF-I in muscular hypertrophy and regeneration. For
the time being, the conducted tests do not allow clinical
application of gene therapy using IGF-1. An insertion of
the IGF-I gene into a human body followed by its un-
controlled overexpression may lead to:

» excessive growth of muscle mass inadequate to the

strength of bones, tendons and ligaments;
* hampering of blood circulation related to muscular
hypetrophy;
» cardiac and thyroid diseases.

Insulin

GH, IGF-I and insulin are the most significant fac-
tors in anabolic processes. These proteins act in a syner-
gistic fashion. GH and IGF-I directly stimulate the syn-
thesis of proteins by activating amino acids transporters
in the cell membrane. Insulin, on the other hand, inhib-
its the degradation of proteins and acts synergistically
in relation to steroids [5, 15]. The effectiveness of GH
activity depends on insulin activity. Administration of
GH to patients with a lowered insulin level (suffering
from diabetes mellitus type 1 or undergoing hunger
cure) was discovered to stimulate catabolic reactions
which may lead to diabetic ketoacedosis [5]. Insulin is
a substance with a significant impact on the anabolic
processes; it is often regarded by many athletes as
a drug enhancing training effects through:

+ facilitation of glucose uptake which can make the
amount of glucose delivered to the cell exceed the
cell’s physiological demand for glucose, and make the
synthesis and storage of large amounts of glycogen
possible during physical deconditioning, which would
then enhance muscle work during competition;

* transportation of amino acids into muscle cells;

+ enhancement of general endurance;

» acceleration of regeneration processes;

+ enhancement of the anabolic activity of growth hor-
mone;

* increasing muscle mass and performance through
glycogen storage and inhibition of degradation of
muscular proteins [5].

Insulin is therefore a highly effective performance-
enhancing drug and it can significantly influence an
athlete’s sport results. Insulin was included in the Pro-
hibited List by the International Olympic Committee.
Diabetics are, however, exempted.

Statistical research shows [15] that about 25% of ath-
letes using anabolic androgenic steroids take them in
combination with insulin to improve their effects. To
avoid hypoglycemia following an intake of insulin ath-
letes consume high-carbonate products. Very few ath-
letes using insulin are aware of the hazards related to its
abuse. Taking high doses of insulin may cause hypogly-
cemia, which if untreated, can lead to a coma or even
death.

Erythropoietin (EPO)

Erythropoietin (EPO) is a glycoprotein hormone
produced in the renal cortex which significantly stimu-
lates the process of erythropoiesis. It has been one of
the most commonly abused drugs by athletes for a few
decades. In 1989 the IOC introduced a new category of
prohibited substances — protein hormones, which in-
cludes recombinant human erythropoietin (thEPO).

The main function of EPO is regulation of red cells
production. Human erythropoietin was the first clinically
applied recombinant hematopoetic growth factor [16].
rhEPO is most often manufactured with genetic engi-
neering and biotechnological methods using animal cell
lines with a transduced human EPO gene [17]. It is pro-
duced in four forms: alpha, beta, omega and delta [16].

The activity of thEPO rises the quantity of red cells,
enhances the uptake of iron, calcium and glucose ions
by maturing erythrocytes and elevates the hematocrit
level.

The use of thEPO can significantly affect:

* aerobic capacity;
¢ VOZmax;
 ventilatory threshold (VT).

The level of endurance following the insertion of

EPO can increase for about 20% [18]. The use of EPO
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as a performance-enhancing drug is particularly signif-
icant in endurance sports (cycling, swimming, cross-
country skiing). After a subcutaneous injection, 20—
30% of thEPO can be detected four days later, and fol-
lowing an intravenous injection 2-3 days later. The
EPO level is most likely unrelated to age, sex or the
phase of the menstrual cycle, thus setting physiological
standards for EPO is not difficult [19]. The erythropoi-
etin abuse can cause a number of serious disorders:
+ functional iron deficiency (FID) resulting in a re-
lease of hypochromic red cells (HRC) [19];
* increasing risk of thrombosis and pure red cells
aplasia (PRCA) [20].

The administration of recombinant erythropoietin
from animal cell lines is just one of possible applica-
tions of molecular biology methods to enhance the
body’s aerobic capacity. A number of tests are currently
carried out on a possible insertion of homological cDNA
via a viral vector into skeletal muscles. Functional tests
on macaques revealed that such a transgene featured
different patterns of expression than the endogenous
form. It resulted in a change of EPO isoelectric mobility
requiring higher pH. So far, only animal tests have been
conducted, but it can be assumed that the gene expres-
sion in a genetically modified human tissue will be dif-
ferent from the endogenous pattern. Since the skeletal
muscles constitute a perfect target tissue for the gene
transduction, and the effectiveness of its overexpression
is very high, the use of thEPO as a form of gene doping
seems vary plausible. The impact of the EPO transgene
on the human body requires further research. It may
seem that the formation of transgenic muscles should be
relatively simple in the age of such remarkable develop-
ments in molecular biology, however it still requires
a great number of tests on the influence of overexpres-
sion of a given protein on the human body. Functional
tests carried out in 1997 and 1998, consisting of the
transduction of the EPO gene into macaques led to
heavy thickening of blood, which can be a cause of my-
ocardial infarction. The EPO transduction can have
many possible side effects. On the other hand, the de-
tection of virally inserted EPO may not be that difficult
due to the availability of the target tissue and consider-
able differences between the endogenous and trans-
duced EPO forms [17].

Most recent studies concerning methods of increas-
ing of the EPO level in the body show that stimulation
of EPO synthesis may result not only from the insertion
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of exogenous EPO but also from the activity of hypoxia-
inducible factors (HIFs). Hypoxia inhibits the activity
of enzymes degenerating HIF-la and HIF-1p — which
permeat to the cell nucleus and stimulate the transcrip-
tion of EPO gene — as well as of glycolitic enzymes tak-
ing part in cellular responses to a lower oxygen concen-
tration. The HIFs can be of potential use in clinical
treatment of cancer, inflammations or myocardial inf-
arctions. They can also be used as performance-en-
hancing drugs increasing the EPO level in blood and
thus improving tissue oxygenation. The detection of re-
combinant HIFs would be very difficult, especially in
the case of transduction via viral vectors. The results of
insertion can be very severe as the HIFs activate the ex-
pression of angiogenic genes and genes modulating cell
growth, division and survival. The changes in HIFs ex-
pression may also cause tumors.

Potential substances enhancing athletic
performance

Apart from the substances discussed above there are
many other chemical compounds, whose properties can
lead to their abuse as performance-enhancing substanc-
es in the near future (Tab. 1)

Table 1. Factors affecting the body’s adaptation to exercise
Factor Function

ACTN3 Structural protein of muscle fibres taking
part in regulation of muscular contractions

ACE Vasoconstriction

HIF-la Switching between aerobic and anaerobic
metabolism

PPAR delta Transforming of fast twitch fibres into slow
twitch fibres

Alpha-actinin 3 (ACTN3)

Alpha-actinin is a protein belonging to a diverse
group of cytoskeletal proteins which also includes dys-
trophin. Two genes enconde alpha-actinin in humans
and are expressed in skeletal muscles: ACTN2 (ex-
pressed in all skeletal muscle fibres) and ACTN3 (ex-
pressed in fast twitch fibres only). Alpha-actinin 3 is the
main structural element of the sarcomere Z-line. It
stimulates the formation of fast twitch fibres by cooper-
ating with the signaling pathway — calcineurin. It also
stimulates glucose metabolism in fast twitch fibres by
binding with an gluconeogenic enzyme (fructose-1,6-
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diphosphate). The genetic structure of ACTN3 [21] dis-
plays a considerable polymorphism of the stop codon
in:

* sprinters,

» endurance sports athletes,

 control group.

The mutation in ACTN3 is a nonsense mutation
(CGA — TGA): the arginine codon translates into the
stop codon (R577X), which results in the absence of
ACTN3 synthesis in fast twitch fibres, which occurs
often in endurance athletes. In sprinters the sequence of
ACTN3 lacks R577X. It is estimated that this variant is
present in both gene copies in about 18% of the world
population. These results suggests that the absence of
ACT3 is a predisposition to slow but effective muscle
contractions, whereas its presence increases the speed
of muscle fibre contractions [21]. ACTN3 then is a fac-
tor affecting muscle adaptation to exercise, and its poly-
morphism determines the morphological and functional
differences in muscles.

Angiotensin convertase (ACE)

Angiotensin convertase activates angiotensin re-
sponsible for vasoconstriction. The ACE gene has two
isoforms: D and I. Isoform I was shown to be present in
both gene copies in mountaineers who were able to
reach the elevation of 7000 m above sea level with no
difficulties, more often than in the general population.
A study of rowers also revealed a high incidence of iso-
form 1. These results show that the presence of isoform
I of the ACE gene enhances the body’s adaptation to
strength and endurance training [22].

Hypoxia inducible factor HIF-1a

This transcription factor is a sort of switch between
aerobic and anaerobic metabolism. HIF-lo induces
modifications in cells so they can adapt to anaerobic
conditions. It stimulates glycolysis, angiogenesis and
erythropoiesis. The body’s endurance depends to
a great extent on its adaptation to physical effort in
hypoxia conditions. HIF-la is capable of inducing
such adaptation. Knockout studies in mice with re-
moved HIF-la genes from their skeletal muscle cells
revealed exercise-induced tissue-specific changes: de-
crease or absence of HIF-a, changes in the activity of
glycolytic enzymes, low level of lactic acid and muscle
damage [23, 24].

Peroxisome proliferative activated receptor delta
(PPAR delta)

PPAR delta is a nuclear hormone receptor that bind
peroxisome proliferators and control the size and
number of peroxisomes produced by cells. It acts as
a transcription factor affecting gene expression in mus-
cle fibres. It induces transformation of fast twitch mus-
cle fibres into slow twitch muscle fibres, and is respon-
sible for enhancement of fat oxidation. A transduction
of the PPAR delta gene into the skeletal muscle of mice
induced:

« an elevated PPAR delta level in slow twitch fibres;

* an increased level of myoglobin in slow twitch fi-
bres;

* an increased concentration of contractile proteins
specific to slow twitch fibres;

» areduced concentration of contractile proteins spe-
cific to fast twitch fibres;

» reduced number of fat cells (intensification of oxida-
tive processes, increased tolerance to glucose).

In result, the running endurance of transgenic mice
was increased: the running time was longer for 67%
and the running distance for 92% [25]. It can be stated
that PPAR delta is a significant enhancer of aerobic me-
tabolism of skeletal muscle, which in turn improves the
efficiency of muscle work and reduction of the adipose
tissue and fatigue.

Vascular endothelial growth factor (VEGF)

VEGEF induces:

+ proliferation and growth of endothelial cells;
+ cell migration;

* an increase in permeability of blood vessels;
* inhibition of apoptosis.

The activity of VEGF leads to a proliferation of
blood vessels in organs, which increases the distribution
of oxygen to tissues. Clinical tests showed that a trans-
duction of the VEGF gene in patients with atherosclero-
sis and following myocardial infarction led to formation
of new blood vessels. These are preliminary results and
the problem of control of VEGF-stimulated prolifera-
tion of blood vessels and associated risk of development
of neoplasms still remains. An increase in the concen-
tration of VEGF in blood may enhance the performance
of the cardiac muscle, improve training effectiveness
and delay fatigue. Although the VEGF effects seem
very interesting to athletes, research showed an elevated
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VEGEF level in patients with prostate cancer. The man-
agement of risk related to the transduction of the VEGF
gene still requires much time and research [26].

Studies on the effects of the above factors on train-
ing effectiveness seem to confirm the hypothesis about
genetic predispositions to practice a specific sport. Cer-
tainly, the environmental factors (appropriate diet and
training) determine the athlete’s preparation. The iden-
tification of genes affecting the crucial parameters in
the training process may yield positive results and led to
development of training programs specific for individu-
al athletes. On the other hand, gene research may lead
to gene doping consisting of transduction of genes
whose expression would enhance athletic performance.

Detection
Growth hormone (GH)

Growth hormone (GH), which is a strong anabolic
substance, was included in the Prohibited List by the
I0C, although no reliable GH detection method has
been developed. The biggest problem with GH detec-
tion is the fact that GH is an endogenous substance
which is very hard to differentiate from its exogenous
form. The main form of somatothropin is a 22kDa iso-
mer, however, due to the gene transcription and post-
transcription modification new forms emerge. One of
them is a 20kDa isomer, constituting 10% of the 22kDa
isoform. Using this information Bidlingmaier et al. [27]
developed a test detecting non-pituitary exogenous GH.
The test used a mixture of nonspecific monoclonal anti-
bodies and two specific monoclonal antibodies identify-
ing epitopes of the 22kda and 20kDa isoforms. They
showed that the absence of the 20kDa form in a blood
sample containing a considerable quantity of the 22kDa
isoform is evidence of an exogenous administration of
rhGH.

The development of a test detecting thGH requires
establishment of the basic GH concentration norms.
This could be very difficult as the GH is secreted by the
pituitary gland in pulses in response to different kinds
of external stimuli and changing physiological and bio-
chemical status of the body. The GH concentration de-
pends on:

* age,
* sex —women feature a higher GH concentration than
men,; this elevation can be caused by the use of oral
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contraceptives, different body composition, lower

body mass and greater quantity of estrogens; the

highest GH concentration is observed in women
during the follicular phase of the menstrual cycle,

* “trainedness” status of the body,

» exercise — the blood concentration of GH may in-
crease up to fifty times following intense physical
exercise; this level is, however, maintained for about
60 min after the completion of the exercise [27].

A relationship was observed between the amount of
released GH, applied training load, general efficiency
and the type of sport. It should be remembered that in
persons with an elevated basal GH, exercise does not
stimulate the pituitary secretion of GH. A study of 96
athletes representing different sports revealed post-ex-
ercise elevated GH in middle-distance runners, rowers,
swimmers and cyclists [28]. In defining the GH concen-
tration norms it should be remembered that GH secre-
tion can also be affected by such factors as diet, stress
and exercise.

As GH features a high biological activity influenc-
ing a number of metabolic processes, a reasonable pros-
pect may seem an analysis of substances directly de-
pendent on GH, which can serve as GH markers. Cer-
tainly, only such markers must be identified whose con-
centration increases due to administration of considera-
ble amounts of rhGH, but remains stable following in-
tense exercise. This way the development of a drug test
detecting exogenous GH might be possible [29]. There
are two types of substances interacting with growth
hormone:

(1) components of the GH/IGF-I axis, i.e. GH, IGF-I,
and binding proteins of IGF-I:

* acid-labile subunit (ALS)

+ IGFBP-2

» IGFBP-3
IGFBP-3 and ALS are modulators of IGF-I in blood

serum; ALS increases the affinity between IGFBP-3

and IGF-L

(2) markers of bone and collagen turnover:

* C-terminal cross-linked telopeptide of type I colla-
gen (ICTP) responsible for bone resorption;

» amino-terminal propeptide of type III procollagen
(PIIIP) responsible for formation of calluses;

» carboxyterminal propeptide of type I procollagen
(PICP) responsible for bone remodeling;

* bone-specific alkaline phosphatase (BS-ALP) re-
sponsible for bone mineralization;

* osteocalcin responsible for bone mineralization.
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A number of independent research teams have re-
cently studied the effects of thGH abuse and physical
exercise on the blood concentration of the above mark-
ers in athletes representing various sports. The ob-
tained results show that the level of these substances
increases due to physical exercise but they feature
a greater sensitivity to thGh activity which enhances
the effects of the exercise. The GH level rises following
exercise and administration of thGH, however, the level
of the other components of the GH/IGF-I axis increases
slightly and returns to its original value 30—60 min af-
ter exercise [30]. A higher concentration of IGF-I was
only noted in the urine [30], despite the fact that physi-
cal exercise is known to induce the expression of the
two main IGF-I isoforms, i.e. MGF and IGF-1Ea)
present in skeletal muscles. Also the level of markers of
bone turnover increases insignificantly or remains un-
changed, and returns to its original value or slightly
decreases within 120 min following the completion of
exercise. Only in the case of BS-ALP was a significant
exercise-induced increase noted, and its concentration
remained unchanged following an administration of
rhGH [30]. It is commonly suggested that the blood
concentration of these markers can be genetically de-
termined [5].

The influence of rhGH on the markers of the GH/
IGF-I axis and the markers of bone turnover is different:
a significant increase of GH, IGF-I, IGFBP-3, PICP,
PIIIP, ICTP, and a decrease of IGFBP-2 were noted.
Also thGH elevates the IGF-I/IGFBP2 ratio and lowers
the IGFBP3/IGFBP2 ratio [30, 31]. Physical exercise in
combination with thGH administration was observed to
enhance the response of the markers, whereas discon-
tinuing thGH administration inhibits the growth of GH,
even in the same training conditions [29].

These results can be used in studies on development
of drug tests. The markers discussed above feature
a characteristic sensitivity to rhGH and a relatively poor
response to physical exercise. A good chemical detector
should be characterized by:

+ stability in physiological conditions, during training,
recovery period and after injuries;
+ relatively long half-life.

The markers of bone and collagen turnover are
present in the blood for at least 96 hours after adminis-
tration of rhGH; some sources claim they can remain up
to several weeks, i.e. for much longer than the markers
of the GH/IGF-I axis.

In the process of development of effective drug tests
the physiological norms of the markers must be estab-
lished. They would then allow the assessment of GH
blood and urine concentrations. An excessive level of GH
concentration may be indicative of an administration of
exogenous GH. However, the concentration of markers
may depend on a number of different factors, e.g.

* type of sport,

* age,

* sex,

* place of origin,

* past diseases and injuries,

« taken medicines,

» disorders (undiagnosed acromegaly),

* training period (regeneration, preparatory, pre-com-
petitive),

» marker’s time of response to thGH [29, 5].

No correlation has been found between the concen-
tration of the studied markers and body height, body
weight, BMI or VO, . The reference values of the
markers have not been established yet, but the collected
data was used in the international project GH-2000. The
reference values of each marker were set for both sexes
in conditions of maximal intensity exercise [29]. The
changes in the level of a given marker during an ath-
lete’s annual training cycle can also yield important in-
formation.

The analysis of the markers of the GH/IGF-I and of
bone and collagen turnover led to identification of two
substances which can be very significant in develop-
ment of GH abuse detection methods: PIIIP and ICTP.
Their useful properties include:

* insignificant changes in response to intensive, long-
term training;

* strong response to even most insignificant doses of
rhGH;

* increased concentration up to 96 hours after discon-
tinuation of rhGH administration, before and after
exercise [29].

The main regulator of IGF-I synthesis in the liver is
GH. IGF-I can thus act as a marker of GH activity in the
liver and of the presence of thGH in the body. Studies
show that administration of thGH significantly increas-
es the blood level of IGF-I [10], and contributes to lower
IGF-I secretion in the urine. This seems interesting
since one of results of physical exercise is proteinuria,
i.e. the presence of an excess of serum proteins in the
urine. Studies of athletes in conditions of intensive exer-
cise revealed an elevated post-exercise concentration of
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IGF-], creatinine, and protein in the urine [10]. The ori-
gin of post-exercise IGF-I in the urine is unknown; it
may come from:

 circulation (directly),

» glomelural filtration rate,

 direct renal synthesis.

The identification of the IGF-I source and its normal
concentration in the urine before and after exercise
could be a basis for development of a test detecting
rhGH abuse [10].

IGF 1

An oral, intramuscular or intravenous administra-
tion of IGF-I significantly changes its blood and urine
concentrations. The IGF-I levels can be easily estab-
lished using common immunological tests. More diffi-
cult is the establishment of IGF-I physiological refer-
ence values in blood and urine. As mentioned earlier the
IGF-I level varies, depending on a number of physiolog-
ical and environmental factors. Its amount in blood and
urine increases after exercise. Thus IGF-I concentration
norms should be established before and after exercise at
different intervals, as well as after taking exogenous
IGF-I [10]. A reliable, positive drug test result is an indi-
vidual matter. The IGF-I concentration in the blood and
urine should be correlated with other physiological pa-
rameters, body weight, body height, intervals between
exercises, diet and other factors affecting directly and
indirectly the IGF-I concentration.

Equally difficult is the detection of a tranduced IGF-I
gene inserted via a viral vector to the muscle tissue: the
expressed gene is almost identical with the endogenous
protein. The development of a drug test capable of iden-
tification the endogenous form from the exogenous one
has so far proven unsuccessful. The difficulty in detect-
ing IGF-I gene doping is also due to the fact that this
protein is only produced in the target tissue in which the
gene was expressed and it does not occur in the blood or
urine. Detection of extra IGF-I molecules would be only
possible by way of muscular biopsy [32].

Insulin

Detection of insulin abuse remains very difficult due
to the impossibility of discrimination between its exog-
enous and endogenous forms [15].
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EPO

The development of a drug test detecting rhEPO has
been subject of intense research for several years. It will
become possible after all differences between the en-
dogenous and exogenous EPO forms are thoroughly
analyzed. These differences are due to variable isolec-
tric mobility resulting from different post-translational
modifications of glycoprotein [18]. The main agents de-
termining the differences are oligosaccharide molecules
on the surface of erythropoietin, which participate in
the plication and protection of the protein against pro-
teases and influence its activity [16]. The synthesis of
oligosaccharides as well as the saccharides of recom-
binant glycoproteins (thEPO) is tissue- and cell-specif-
ic. Venke S. et al. [16] carried out a thorough analysis of
endogenous and exogenous EPO forms and revealed
that the altered structure of thEPO is caused by the ab-
sence of tissue-specific synthesis, which does not take
place in cell lines (due to lack of appropriate enzymes).
Thus the two forms of EPO differ in type, structure and
quantity of saccharide residues. Endogenous EPO con-
tains more neutral sugars, whereas thEPO contains nu-
merous extra acidic saccharide residues which increase
its molecular mass and extend the half-life of glycopro-
tein affecting its biological activity. The observed dif-
ferences are also related to the sensitivity of both pro-
teins to proteases [16]. The study focused on an analysis
of serum EPO (sEPO), urinary EPO (uEPO), and
rhEPO, revealing a lower molecular mass of sEPO than
uEPO and rthEPO. Another study [16] proved that uEPO
contained more acidic saccharides than sEPO. It indi-
cates the existence of structural differences between the
two forms, which can result from their different renal
re-absorption patterns. Therefore a more detailed analy-
sis of uEPO properties seems necessary as they may
constitute a basis for detection of recombinant human
erythropoietin doping.

Another promising study into detection of thEPO
abuse is concerned with the influence of thEPO on the
expression profile of erythrocyte marker genes: hemo-
globine B (HBB), ferritin light chain (FTL) and orni-
thine decarboxylase antizyme (OAZ) (Tab. 2) [33].

An analysis carried out during thEPO administra-
tion as well as three weeks after its discontinuation re-
vealed an increasing level of expression of the afore-
mentioned markers. As the effect of thEPO activity is
significantly shorter in the case of hematological chang-
es as opposed to gene expression, it is indicated that
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Table 2. Functions of erythrocyte markers

HBB FTL OAZ
(hemoglobin B) (ferritin light (ornithine
chain) decarboxylase
antizyme)
Binding hemo- Storage of iron Degradation of

ornithine decar-
boxylase, control
of the concentra-
tion of polyamines

globin polypeptide ions in a nontoxic
chain state

these genes can serve as markers of thEPO doping [33].
The detection of rthEPO in the body becomes increas-
ingly difficult several days after discontinuation of its
administration, even in case of taking small doses and
enhancers of thEPO activity (GH, IGF-I) [33].

Generally, rhEPO detection methods are classified
as direct and indirect.

The direct methods, i.e. immunological tests, mark
the concentration of EPO in the urine and blood serum.
The main difficulty lies in discrimination between the
exogenous and endogenous EPO forms and in detecting
EPO only 2-3 days after the discontinuation of its ad-
ministration. The immunological tests can detect im-
munoreactive protein forms but they are not always bio-
active forms. Another difficulty in detection is a very
short half-life of protein hormones, which makes it nec-
essary to run drug tests in a very short period of time.

Functional studies [19] using electrophoretic and im-
munological analysis of EPO in the blood and urine re-
vealed that the probability of rhEPO detection three
days after thEPO injection was less than 50%, and was
almost impossible after 1-3 weeks. Some methods, e.g.
High Performance Liquid Chromatography (HPLC) in
combination with mass spectrometry and capillary
electrophoresis, can yield interesting results but they re-
quire more detailed research.

Indirect methods of thEPO detection include assess-
ments of the following blood parameters:

* hematocrit

* hemoglobin (quantity),

* reticulocytes (quantity),

+ erythrocytes (quantity, shape, size),
» serum transferrin receptor (STfR),

as well as markers such as functional iron deficiency
leading to the formation of hypochromic red cells. This
deficiency is not neutralized, even if it is simultaneously

supplemented with iron, and occurs immediately in re-
sponse to rthEPO. It should be noted, however, that some
athletes may feature elevated post-exercise HRC [19].

The use of hematocrit as a marker of thEPO doping

has brought negative results. Although its higher concen-
tration might follow an administration of thEPO, it de-
pends on a variety of factors such as plasma volume, loss
of fluids, dietary habits, training, iron metabolism, age,
sex, body weight and circulating blood volume. The level
of hematocrit also depends on the type of sport [19].
Overall, it is not a reliable detector of thEPO abuse.

Also testing the quantity of reticulocytes does not

yield satisfactory results either, due to the vast discrep-
ancy between the reference values of their concentration
[19].

The level the serum transferring receptor can be ele-

vated in cases of:

iron deficiency;

increased demand for iron during stimulated erytho-
poesis;

administration of thEPO.

The sTfR was also regarded as a potential thEPO

marker, however, research results showed that it can act
as a drug detector only in the case of administration of
large doses of rhEPO without iron supplements [19].

Reliable thEPO detectors were also sought among

urinary markers such as fibrynogen degradation prod-
ucts (TDPs) resulting from the fibrinolytic activity of
rhEPO. One study revealed the presence of TDPs in the
urine of 10 out of 76 athletes. However, these results
still require further analysis. There is no persuasive evi-
dence ecither that an increased level of TDPs indicates
the presence of thEPO in the body [19].

The majority of researchers have focused on the im-

pact of thEPO on individual molecules being biochemi-
cal and hematological markers, and tried to determine
their potential role in detection of thEPO abuse. How-
ever, none of these markers can provide definite evi-
dence of the presence of thEPO in the human body.

In the late 1990s R. Parisotto et al. attempted to de-

velop a drug test based on a few markers dependent on
exogenous EPO. The subjects in their study were divid-
ed into three groups:

subjects given an injection of EPO and iron supple-
ments (injection);

subjects given an injection of EPO and oral adminis-
tration of iron supplements (stronger reaction to
EPO);

subjects given a placebo.
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Each assessed parameter was assigned a specific
number of points, averaged for each group. The differ-
ences between the groups provided with exogenous
EPO and the control group were calculated. All possible
combinations of parameters were estimated using the
logit function. The developed test was based on 31 pos-
sible combinations of biochemical and hematological
markers; it was approved by the IOC in July 2000 and
used at the Summer Olympic Games in Sydney [34].

The rapid development of the pharmaceutical indus-
try led to manufacturing of a synthetic form of erythro-
poietin called epoetin delta used to treat anemia associ-
ated with chronic renal failure. Standard urine thEPO
tests have all so far failed to detect it. Epoetin delta is
synthesized in human cell lines and thus its properties
are very similar to those of endogenous EPO. It can be
detected with a blood test but the obtained result must
be confirmed with a urine test [20].

It seems that a reliable method of detection of one of
the most abused substances, thEPO, has been devel-
oped. However, recent reports show that thEPO doping
still remains largely undetectable. Dr. Mike Ashenden,
head of international consortium Science and Industry
Against Blood Doping presented the most recent results
of studies of cyclists taking part in Tour de France.
These results show that in athletes who take microdose
rhEPO regiments the concentration of hematocrit is el-
evated but only to an accepted level. Then a gradual re-
duction of the doses allows maintaining a high level of
hematocrit. In this case a higher concentration of EPO
is undetectable. Certainly, this kind of doping is possi-
ble under the supervision of a specialist who can admin-
ister the correct doses of the hormone [35].
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BOOK REVIEWS

COACHING UZDOLNIONEGO GRACZA
(COACHING OF A TALENTED PLAYER)

Professor Ryszard Panfil in his
recent book focuses on praxeological
aspects of the processes of manage-
ment, coaching and education of tal-
ented players for team games. Since
the team games are sports games the
players should possess particular dis-
positions to cope with the demands
of any particular sports game. Thus
coaching of a talented player involves
organizational and specific require-
ments in working with talented sports
players.

The book consists of three chap-
ters. Chapters Two and Three contain
important characteristics of develop-

Ryszard Panfil

COACHING

Akademia Umiejetnosci

UZDOLNIONEGO GRACZA

counting for its attractiveness; devel-
opment of the game’s organization
involving the broad scope of players’
offensive and defensive skills in their
actions directly and indirectly de-
pendent on their partners’ actions;
and the individualization of the
coaching process aimed at recogni-
tion of the player’s profile (disposi-
tions and skills) conditioning his or
her position and function in the game.
The anticipation allows recognition
of players’ individuality and develop-
ment of their skills.

The significant actions in the proc-
ess of coaching include recruitment of

ment of player’s skills to act in
a game and his/her actions as the
main aims of coaching.

Chapter Two focuses on player’s individual actions:
indirectly and directly dependent on the player’s part-
ners. The author presents examples of such actions in
consideration of specific characteristics of a given game
and the ways to achieve the game’s objectives. It is as-
sumed that the skills to act are developed by a player
who by making use of his or her dispositions in specific
conditions (offensive or defensive) is able to execute the
assigned tasks. Chapter Three discusses activities in the
process of coaching of a talented player. It is a process
which enables the player’s acquisition of knowledge and
development of playing skills. The concept of personal
coaching is understood here as a partnership in which
a qualified coach enhances the player’s development and
prepares the player to compete on a professional level.

The activities involved in the process of coaching
include anticipation of the player’s development in the
course of a given game. The following tendencies can
be anticipated: development of a given sport (growing
popularity, number of participants, investments, profes-
sionalization); development of the rules of the game ac-
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" talented players for a particular game.

Subchapter 3.2. discusses three sys-
tems of player’s identification (simulated, centrally coor-
dinated and net systems) with their positive and negative
sides. It is assumed that the proper recruitment of talented
players ensures proper identification of their dispositions
and rational planning of their further development.

One of the indispensable conditions of development
of the player’s talent is the player’s activity. A player is
active if his or her sports development is stimulated.
The player’s activization should involve the process of
intellectualization, inspiring and motivating methods,
assignment of tasks and self-assessment of task execu-
tion, and analysis of individual cases, e.g. seeking one’s
own profile of skills, playing simulation games to ac-
quire the knowledge of one’s own capabilities, playing
games in the presence of an audience conducive to pro-
voking correct responses. If the player responds cor-
rectly to the situations in the game then the presence of
spectators will facilitate his or her task execution. The
emphasis is placed on fulfilling functions of different
degrees of difficulty. Only in this way can the game be
properly understood and the knowledge of the oppo-
nent’s and partners’ capabilities facilitated.
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One of the activities in coaching of a talented player
is the process rationalization, i.e. selection and adjust-
ment of training means and conditions in consideration
of the player’s current capabilities (skills) and knowl-
edge of the coaching process. The effectiveness of
training means should be assessed using appropriate
measurements of skill development. The training means
become effective when the player is able to transform
his/her skills into dispositions to play. These disposi-
tions are in turn manifested during a game. In this con-
text the rationality of skill development consists in using
training means which effectively combine individual
skills, and transform them into dispositions. Once this
is achieved a player can effectively execute the actions
learnt during the game despite external obstacles. The
author assumes that rational preparation of a player to
play the game, which limits the impact of chance on the
game’s outcomes, requires adjustment of training means
to the game’s conditions. These means must account for
the game’s aims, current composition of forces, time
and current result. The measures of skills to play a game
are actions which are correct, flexible, alternate, quick
and based on cooperation and surprise. These measures
are illustrated in the book with numerous relevant ex-
amples. The tools used in the coaching process include
coordination of cooperation with external agents (gen-
eral education teacher, trainer cooperating with experts
in auxiliary sciences) as well as using it and e-learning.
The cooperation with these external agents in the proc-
ess of development of a talented player requires alterna-
tive activities in player’s training. The coordination of
cooperation is aimed to promote the necessity to reach
alternative solutions in the process of achievement of
assigned tasks.

The main idea of the book can be best described using
the author’s words that coaching of a player is a rational
process aimed at development of player’s talent in refer-
ence to spatiotemporal, social and methodological con-
ditions. This process is implemented by way of player’s
activation, selection and choice of training means, coor-
dination of preparatory actions and anticipation of de-
velopment of the player and the game.

Wroctaw April 30, 2008

Prof. dr hab. Zbigniew Naglak
Chair of Team Sport Games
University School of Physical Education in Wroctaw

Professor Ryszard Panfil’s work Coaching of a talen-
ted player is an interesting book on athlete coaching
combining sport and management sciences. It is a highly
valuable sports publication on the Polish market.

Prof. dr hab. Ryszard Panfil is a well-known re-
searcher and educator from the University School of
Physical Education in Wroctaw. In recent years he has
been carrying out interdisciplinary research combining
physical culture studies with management sciences. He
has been a supervisor of a number of doctoral disserta-
tions as well as the author of training programs, semi-
nars and publications.

Coaching has recently become a key topic in man-
agement sciences following the increasing demand for
instruments and techniques of active enhancement and
development of human resources in the business world.
However, it would still be very difficult to find valuable
works on coaching of athletes among the numerous
publications on management. In psychological literature
one can find merely a few sources treating coaching as
a promising psychotherapeutic method. Panfil’s Coach-
ing of a talented player fills in this gap by incorporating
personal coaching (Chapter One) into the processes of
sports team player’s development (Chapter Two and
Three).

In Chapter One — extremely useful to managers,
management students and lecturers — the author sorts
out the terminological mess related to the concept of
“coaching” in modern literature. His discussion of
coaching as a process (pp. 11-17) and clear and useful
listing of coach’s skills and attitudes deserve particular
attention (pp. 17-18). In my opinion the future editions
of this outstanding book should include such coaching
facets as net coaching and knowledge coaching, which
currently constitute the fundamental research prospects
in management sciences.

Responding to the IT challenges of the present day
the author also devoted a section of his book to the so-
called e-learning coaching (3.5.3, p. 119). Selected syn-
ergic aspects of net management of sports clubs, espe-
cially in terms of HR policies, are discussed in 3.2.3.

Chapters Two and Three are mainly addressed to
sports coaches and instructors, athletes and the teaching
staff of university departments of sports team games,
sport psychology and communications and manage-
ment in sport in Poland.

Professor Panfil’s book can be effectively used as
a regular textbook and educational aid for students of
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sports universities in Poland. The author’s style of nar-

ration is easy to follow, and the book is accurately illus-

trated, e.g. 2.1.1, pp. 20-29.

The subject of sports coaching is thoroughly dis-
cussed in Chapter Three, which touches upon the fol-
lowing issues:

— individual coaching versus team coaching (Tab. 2, p.
31),

— individualization of the coaching process (3.1.2),

— intellectualization of the process of player’s develop-
ment (3.3.1), with useful references to the highly
popular concept of management of intellectual capi-
tal,

— the use of ‘case studies’ (3.3.4) and simulation games
(3.3.5).

In conclusion, after a brief review of Coaching of
a talented player by Professor Ryszard Panfil it should
be stressed that the publication is a breakthrough in
sports training methodology. Its versatility makes Pro-
fessor Panfil’s book a compendium of knowledge and
skills that can be very useful for managers and coaches
of sports clubs as well as for sport and non-sport con-
sulting professionals.

Wroctaw March 18, 2008

Prof. dr hab. Kazimierz Perechuda
Department of Organization and Management
University School of Physical Education in Wroctaw
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CONFERENCE REPORTS

INTERNATIONAL CONFERENCE
“SOCIAL AND CULTURAL
DIMENSIONS OF SPORT”

The international conference “Social and Cultural
Dimensions of Sport” was organized in Warsaw on Sep-
tember 14—16, 2007 by the Chair of Social Sciences of the
Academy of Physical Education in Warsaw. The partici-
pants in the conference included a number of prominent
sport philosophers and sociologists from Poland and
abroad: Zbigniew Krawczyk, Jerzy Kosiewicz, Stanistaw
Kowalczyk, Kazimierz Obodynski, Marek Kazimierczak
(Poland), Jan Junger (Slovakia) and Ivo Jirasek (Czech
Republic). The conference spawned the foundation of the
Polish Society for Social Science of Sport and the Inter-
national Society for Social Science of Sport. Selected
conference proceedings will be published.

CONFERENCE
“POSITIVE AND NEGATIVE TRENDS
IN SPORT AND TOURISM”

The all-Polish scholarly conference “Positive and
Negative Trends in Sport and Tourism” was held in War-
saw on October 13, 2007. It was organized by the De-
partment of Sociology of the Academy of Physical Edu-
cation in Warsaw and the Salesian Sport Organization of
the Republic of Poland. The conference sessions were
devoted to positive development tendencies as well as to
the formidable challenges and threats facing present-day
sport and tourism. The conference speakers were most
distinguished Polish scholars representing the areas of
physical culture, sport and tourism and specializing in
philosophy, sociology and pedagogy: Zbigniew Dziubin-
ski, Zofia Zukowska, Zbigniew Krawczyk, Jerzy Kosie-
wicz, Jozef Lipiec, Stanistaw Kowalczyk, Marek Kazi-

mierczak and Andrzej Pawlucki. The conference pro-
ceedings were published in a single volume.

CONFERENCE
“CORRUPTION IN SPORT”

The all-Polish scientific conference “Corruption in
sport” took place on October 19, 2007 in the auditorium
of the University School of Physical Education in
Poznan. The conference was organized by the Polish
Association of Sports Law, Chair of Humanistic Bases
of Physical Culture of the University School of Physical
Education in Poznan and Faculty of Law and Adminis-
tration of Adam Mickiewicz University in Poznan. The
honorary patronage of the conference was taken by
Minister of Sport of the Republic of Poland Elzbieta Ja-
kubik. The opening address was delivered by Rector
Magnificus of the University School of Physical Educa-
tion in Poznan, Prof. dr hab. med. Tadeusz Rychlewski.
The conference initiator and main animator was Prof.
dr hab. Andrzej J. Szwarc, President of the Polish As-
sociation of Sports Law and Dean of Faculty of Law
and Administration of Adam Mickiewicz University in
Poznan. The “Corruption in Sport” conference was in
fact the twelfth organized by Prof. A. J. Szwarc. The
conference speakers included distinguished academics
from a number of Polish institutions of higher education
as well as practicing lawyers from all over the country.

The organizers prepared an attractive and diverse
conference program. The papers were delivered by the
majority of the lawyers, all heads of departments of the
Chair of Humanistic Bases of Physical Culture and
Head of the Department of Cultural Bases of Tourism
Prof. AWF dr hab. Marek Kazimierczak. The confer-
ence papers touched upon ethical, philosophical, psy-
chological, historical, pedagogical and legal aspects of
corruption in sport.
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The conference theme sections were:

Criminal responsibility for corrupt practices in sport
(Prof. dr hab. Andrzej J. Szwarc),

Psycho-social aspects of corruption in sport (Prof.
AWF dr hab. Jacek Gracz),

Corruption in sport in a historical perspective (Dr
hab. Maciej Luczak),

Ethical aspects of corruption in sport (Prof. AWF dr
hab. Marek Kazimierczak, dr Tomasz Sahaj),
Pedagogical development of attitudes towards cor-
ruption in sport (Prof. AWF dr hab. Bozena Binia-
kiewicz),

6. Organizational instruments of prevention and com-
bating corruption in sport (dr Robert Zawtocki,
M. Sc. Michat Glowacki).

Dr Tomasz Sahaj
Department of Philosophy and Sociology
University School of Physical Education in Poznari
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COMPETITION

COMPETITION OF RESEARCH PAPERS

PHYSICAL EDUCATION TEACHING
for Prof. Bogdan Czabanski's Award

Submission requirements:

* Only papers published in the year prior to the date of
competition may be submitted

» Papers (offprints) must be sent before the end of
March of each year to the Organizers’ address:

Akademia Wychowania Fizycznego
Katedra Dydaktyki Wychowania Fizycznego
ul. Witelona 25, 51-617 Wroctaw, Poland
tel. 0 (prefix) 71 347-31-69, fax 348-25-27
www.awf.wroc.pl/czabanski
e-mail: olepio@.awf.wroc.pl

* Independent academics must not partake in the
competition

* Former award winners must not partake in the com-
petition

* Aresearch paper can be a team work effort, but the
team of authors must not include an independent
academic

Evaluation criteria:

» Submitted papers must be research papers

» All papers must be on the subject of physical educa-
tion teaching

Jury:
Three independent academics, Professors of the Univer-
sity School of Physical Education in Wroctaw, Poland:

» Prorector for Research
+ Head of Chair of Physical Education Didactics
* Head of Chair of Swimming

The jury convenes annually on April 24. The jury’s final
decision will be made available to all participants.

Only one paper is awarded with the prize (diploma of
merit and 1.000 PLN).

The award is presented each year during the inaugura-
tion ceremony of the academic year at the University
School of Physical Education in Wroctaw, Poland.
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b University School of Physical Education
in Wroctaw

Polish Society of Biomechanics

The International Congress of the Polish Society of Biomechanics

BIOMECHANICS 2008

Biomechanics in Sport, Medicine and Physiotherapy
Wroctaw, Poland, 318t August — 3™ September 2008

Scientific Committee
Tadeusz Bober — Chairman, AWF Wroctaw

Organizing Committee
Alicja Rutkowska-Kucharska — Chair, AWF Wroctaw

Secretary
Adam Siemienski

Honorary patronage
Mayor of Wroctaw — Rafat Dutkiewicz
Marshal of the Lower Silesian Voivodeship — Andrzej £.0$
Rector of the University School of Physical Education — Tadeusz Koszczyc

Congress Topics

* Bioengineering and orthopedics

* Bone and joints

* Clinical biomechanics

* Ergonomics

* Locomotion

» Locomotion in cerebral palsy children
» Methods in biomechanics

* Modelling

Among invited speakers are:

Michael A. Adams, University of Bristol

Rik Huiskes, Eindhoven University of Technology
Peter Konrad, DSHS, Ziirich, K&In

Kornelia Kulig, USC, Los Angeles

Louis Peeraer, KU, Lueven

Alex Stacoff, ETH, Zurich

lan Sutherland, Brunel University, London
Jozsef Tihanyi, Semmelweis University, Budapest

All papers submitted for presentation during the Con-
gress will be reviewed by the Scientific Committee.
Full six-page-long papers should be e-mailed to the
Congress’ address not later than 01.03.2008. Authors
of accepted papers will be notified by 01.04.2008.
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* Motor control and learning

» Muscle mechanics

* Physiotherapy

* Sports technique; jumping, hitting, throwing, turning
« Stability and posture

* Teaching biomechanics

+ Training and performance

Accepted papers will be published in Acta of Bioengi-
neering and Biomechanics and in Prace Naukowe AWF
we Wroctawiu [in Polish].

For detailed information visit:
www.biomechanics2008.awf.wroc.pl

* English and Polish are the languages of the congress.

All correspondence should be directed to:
BIOMECHANICS 2008

Department of Biomechanics

University School of Physical Education

Al. 1.J. Paderewskiego 35

51-612 Wroctaw

tel./fax +48 71 347 3063

tel. +48 71 347 3248

e-mail: katedra.biomechaniki@awf.wroc.pl
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REGULAMIN PUBLIKOWANIA PRAC
INSTRUCTIONS FOR AUTHORS

Redakcja potrocznika Human Movement przyjmuje do
publikacji oryginalne prace empiryczne oraz przegladowe
dotyczace ruchu cztowieka z réoznych dziedzin nauki (m.in.
medycyny sportu, fizjologii wysitku fizycznego, biome-
chaniki, antropomotoryki, socjologii, psychologii, pedago-
giki) w zakresie wychowania fizycznego, zdrowotnego, re-
kreacji i turystyki, rehabilitacji, fizjoterapii. Przyjmowane
sa rowniez listy do Redakcji, sprawozdania z konferencji
naukowych 1 recenzje ksigzek. Prace moga by¢ napisane
w jezyku polskim lub angielskim. Teksty polskie po uzy-
skaniu pozytywnej recenzji sa thumaczone na jezyk angiel-
ski przez Redakcjg. Autorzy nie otrzymujg honorarium.

Warunkiem rozpoczgcia prac redakcyjnych nad artyku-
fem jest dostarczenie do Redakcji trzech kopii maszynopisu
(wydruku komputerowego) przygotowanego zgodnie z ni-
niejszym regulaminem oraz dyskietki (3 1/2” w formacie
IBM) lub dysku CD-ROM zawierajacych komplet materia-
Iow. Na etykiecie dyskietki (CD-ROM-u) nalezy podac ty-
tul pracy oraz numery wersji uzytych edytoréow i progra-
moéw graficznych. Praca moze by¢ wyslana pocztg elektro-
niczng (por. Poczta elektroniczna).

List przewodni i oSwiadczenie

Do maszynopisu (wydruku komputerowego) autor po-
winien dotaczy¢ list przewodni oraz o§wiadczenie, ze tresé
artykutu nie bytfa i nie bedzie publikowana w tej formie
w innych wydawnictwach bez zgody Redakcji czasopisma
Human Movement oraz ze zgadza si¢ na ogloszenie jej
w tym potroczniku. W przypadku prac zespotowych
oswiadczenie moze ztozy¢ w imieniu wszystkich wspotau-
torow autor gtowny.

Ocena pracy (recenzja)

Praca jest recenzowana przez dwie osoby. Autor moze
poda¢ nazwiska potencjalnych recenzentow, lecz Redakcja
zastrzega sobie prawo decyzji o ich doborze. Recenzenci
nie znaja nazwiska autora ani autor nie zna nazwisk recen-
zentow, dlatego do artykutu nalezy dolaczy¢ tzw. slepa
strong, tzn. tylko z tytutem pracy. W zaleznosci od sugestii
0s0b oceniajacych Redakcja podejmuje decyzje o dalszym
losie pracy. Decyzja Redakcji jest ostateczna.

Maszynopis (wydruk komputerowy)

Tekst prac empirycznych wraz ze streszczeniem, rycina-
mi i tabelami nie powinien przekraczac 20 stron, a prac prze-
gladowych — 30 stron znormalizowanych formatu A4 (ok.
1800 znakoéw na stronie, ztozonych 12-punktowym pismem
Times New Roman z zachowaniem 1,5 interlinii). Redakcja
przyjmuje teksty przygotowane wytacznie w edytorze tekstu
Microsoft Word. Strony powinny by¢ ponumerowane.

The Human Movement journal, issued semi-annually,
accepts for publication original papers and review papers in
various aspects of human movement (e.g., sociology, psycho-
logy, pedagogy, exercise physiology, biomechanics, motor
control, sport medicine) in a broad sense of the term: physi-
cal education, recreation, physiotherapy, health and fitness,
and sport science. Authors are not paid for their articles.
Letters to the Editor, reports from scientific meetings and
book reviews are also welcome. Articles written in Polish
and English will be accepted. After acceptance, articles in
Polish will be translated into English by the Editorial Office.

Three copies of the manuscript and figures should be
sent to the Editorial Office. If you send the printed version
by e-mail, a floppy disk should be submitted containing the
whole text of the paper. The label of the disk should include
the name of the first author, paper title, as well as the ver-
sion numbers of the word processor and graphics programs
used. IBM 3 1/2” disks and CD-ROMs are acceptable. It is
advisable to use Microsoft Word. Electronic manuscripts
are preferred.

Cover letter

Authors must submit a cover letter with the manuscript.
Each submission packet should include a statement signed
by the first author that the work has not been published pre-
viously or submitted elsewhere for review. It should also
contain Author’s acceptance of Publisher’s terms. The pa-
per should be accompanied with the correspondence ad-
dress of the Author, the telephone number, fax number and
e-mail address.

Review process

Received manuscripts are first examined by the editors
of Human Movement. Incomplete packages or manuscripts
not prepared in the required style will be sent back to au-
thors without scientific review. Authors are encouraged to
suggest the names of possible reviewers, but Human Move-
ment reserves the right of final selection. Manuscripts will
be sent anonymously to two reviewers. As soon as possible
after the review process is concluded, you will be notified
by e-mail of the acceptance or rejection of your contribu-
tion for publication, our decision is ultimate.

Preparation of the manuscript

Experimental papers should be divided into the follo-
wing parts: title page, blind title page, abstract with key
words, introduction, materials and methods, results, discus-
sion, conclusions, acknowledgements, references. In papers
of a different type, sections and their titles should refer to
the described issues.
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STRONA TYTULOWA

Na stronie tytutowej nalezy podac:

1. Tytul pracy w jezyku polskim i angielskim. 2. Skré-
cony tytul artykutu w jezyku angielskim (nie dtuzszy niz
40 znakow), ktdry bedzie umieszczony w zywej paginie. 3.
Nazwiska autoréw z afiliacja. 4. Imi¢ i nazwisko autora
(autoréw) wraz z adresem do korespondencji, numerem te-
lefonu, faksu i koniecznie e-mailem.

Kontakt z autorem begdzie utrzymywany wylacznie za
pomoca poczty elektroniczne;.

STRESZCZENIE

Przed tekstem glownym nalezy umiescic streszczenie
w jezyku angielskim, zawierajace okoto 250 wyrazéw i 3—6
stow kluczowych (ze stownika i w stylu MeSH). Powinno
si¢ ono sktadac¢ z nastgpujacych czesci: Purpose, Basic pro-
cedures, Main findings, Conclusions.

TEKST GLOWNY

Tekst gléwny pracy empirycznej powinien zawierad
nastepujace czesci: wstep, materiat i metody, wyniki, dys-
kusja (oméwienie wynikow), wnioski, podzigkowania (je-
zeli potrzebne), przypisy (jezeli wystgpuja), pismiennictwo
(zawarte tylko w bazach danych, np. SPORTDiscus, Med-
line). W pracach innego typu nalezy zachowaé logiczng
cigglos¢ tekstu, a tytuty poszczegdlnych jego czesci po-
winny odzwierciedla¢ omawiane w nich zagadnienia.

Wstep. Nalezy wprowadzi¢ czytelnika w tematyke arty-
kutu, opisac cel pracy oraz podaé hipotezy oparte na prze-
gladzie literatury.

Material i metody. Nalezy doktadnie przedstawi¢ mate-
riat badawczy (w przypadku osob bioracych udziat w eks-
perymencie podac ich liczebnos¢, wiek, pte¢ oraz inne cha-
rakterystyczne cechy), omowi¢ warunki, czas i metody
prowadzenia badan oraz opisa¢ wykorzystana do nich apa-
ratur¢ (z podaniem nazwy wytworni i jej adresu). Sposob
wykonywania pomiardw musi by¢ przedstawiony na tyle
doktadnie, aby inne osoby mogtly je powtorzy¢. Jezeli me-
toda jest zastosowana pierwszy raz, nalezy ja opisac szcze-
gblnie precyzyjnie, potwierdzajac jej trafnos¢ i rzetelnosé
(powtarzalno$¢). Modyfikujac uznane juz metody, trzeba
oméwi¢, na czym polegaja zmiany oraz uzasadni¢ koniecz-
no$¢ ich wprowadzenia. Gdy w eksperymencie biorg udziat
ludzie, konieczne jest uzyskanie zgody komisji etycznej na
wykorzystanie w nim zaproponowanych przez autora me-
tod (do maszynopisu nalezy dolaczy¢ kopi¢ odpowiedniego
dokumentu). Metody statystyczne powinny by¢ tak opisa-
ne, aby mozna bylo bez problemu stwierdzi¢, czy sg one
poprawne. Autor pracy przegladowej powinien rdwniez po-
da¢ metody poszukiwania materiatéw, metody selekcji itp.

Wyniki. Przedstawienie wynikdéw powinno by¢ logiczne
1 spojne oraz powigzane z danymi zamieszczonymi w tabe-
lach i na rycinach.

Dyskusja (omowienie wynikéw). Autor powinien od-
nie$¢ uzyskane wyniki do danych z literatury (innych niz
omdéwione we wstepie), podkreslajac nowe i znaczace
aspekty swojej pracy.
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Papers should be submitted in three printed copies or
sent via e-mail. An experimental paper, together with the
figures, tables and abstract, should not exceed 20 pages (30
pages for a review paper). A normal page is considered to
be an A4 sheet, of 30 lines and 60 characters per line, with
12-point Times New Roman font, one and half-spaced text,
with margins of 25 mm at the sides and at the top and bot-
tom. Type or print on only one side of the paper. Use one
and half spacing throughout, including the title page, abs-
tract, text, acknowledgments, references, tables, and le-
gends. Number pages consecutively, beginning with the ti-
tle page. Put the page number in the upper-right corner of
each page.

TITLE PAGE

The title page should contain: title of the article, name
and surnames of author(s) and their affiliations, name and
address of the author responsible for correspondence about
the manuscript with fax, phone, and e-mail address; and
a short running head of no more than 40 characters (count
letters and spaces).

BLIND TITLE PAGE. Because reviews are blind, include
a blind title page with only the title.

ABSTRACT
The second page should contain the abstract (ca. 250
words). The abstract should be divided into: Purpose, Basic
procedures, Main findings and Conclusions. It should em-
phasize any new and important aspects of the study.

Below the abstract, authors should provide (and identify
as such) 3 to 6 key words that will assist indexers to cross-
index the article. If suitable MeSH terms are not yet availa-
ble for recently introduced terms, present terms may be
used.

TEXT should contain the following sections: Introduc-
tion, Material and methods, Results, Discussion, Conclu-
sions, Acknowledgements (if necessary), References.

Introduction. State the purpose of the article and sum-
marize the rationale for the study. Give only strictly perti-
nent references and do not include data or conclusions from
the work being reported.

Material and methods. Clearly describe selection of the
experimental subjects. Identify their age, sex, and other
important characteristics. Identify the methods, apparatus
(give the manufacturer’s name and address in parentheses),
and procedures in sufficient detail to allow other workers to
reproduce the results. Give references to established me-
thods, including statistical methods (see below); provide
references and brief descriptions for methods that have
been published but are not well known; describe new or
substantially modified methods, give reasons for using
them, and evaluate their limitations. When reporting expe-
riments on human subjects, indicate whether the procedu-
res followed were in accordance with the ethical standards
of the responsible committee on human experimentation
(institutional or regional). The Editors reserve the right to
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Whioski. Przedstawiajac wnioski, nalezy pamigtac
o celu pracy oraz postawionych hipotezach, a takze unikac
stwierdzen ogodlnikowych i niepopartych wynikami wia-
snych badan. Stawiajac nowe hipotezy, trzeba to wyraznie
zaznaczy¢.

Podziegkowania. Mozna wymieni¢ osoby lub instytucje,
ktére pomoglty autorowi w przygotowaniu pracy badz
wsparty go finansowo lub technicznie.

Pismiennictwo. Pismiennictwo nalezy uporzadkowac
wedtug kolejnosci cytowania w tekscie, w ktérym dla
oznaczenia odwolania do pismiennictwa nalezy postugi-
wacé si¢ numerami ujetymi w nawiasy kwadratowe, np.
Bouchard et al. [23]. PiSmiennictwo (zawarte tylko w ba-
zach danych, np. SPORTDiscus, Medline) powinno si¢
sktada¢ z nie wigcej niz 30 pozycji, z wyjatkiem prac prze-
gladowych. Niewskazane jest cytowanie prac nieopubliko-
wanych.

Przyktady zapisu pismiennictwa

Powotanie na artykut z czasopisma [nazwisko autora
(autor6éw), inicjat imienia, tytut artykutu, tytut czasopisma
w przyjetym skrdcie, rok wydania, tom lub numer, strony]:
Shinohara M., Li S., Kang N., Zatsiorsky V.M., Latash
M.L., Effects of age and gender on finger coordination in
MVC and submaximal force-matching tasks. J App! Phy-
siol, 2003, 94, 259-270.

Gdy autorami artykutu jest szes¢ lub mniej osob, nalezy
wymieni¢ wszystkie nazwiska, jezeli jest ich siedem 1 wig-
cej, nalezy podac szes¢ pierwszych, a nastgpnie zastosowac
skrot ,et al.”

Tytut artykutu w jezyku innym niz angielski autor po-
winien przettumaczy¢ na jezyk angielski, a w nawiasie
kwadratowym poda¢ jezyk oryginatu. Tytul czasopisma
nalezy zostawi¢ w oryginale. W pracy powinny by¢
uwzglednianie tylko artykuty publikowane ze streszcze-
niem angielskim: Jaskdlska A., Bogucka M., Swistak R.,
Jaskolski A., Mechanisms, symptoms and after-effects of
delayed muscle soreness (DOMYS) [in Polish]. Med Sporti-
va, 2002, 4, 189-201.

Powotlanie na ksigzke [nazwisko autora(éw) lub redak-
tora(6w), inicjat imienia, tytut pracy przettumaczony na
jezyk angielski, wydawca, miejsce i rok wydania]: Osin-
ski W., Anthropomotoric [in Polish]. AWF, Poznan 2001.

Powotanie na rozdziat w ksigzce [nazwisko autora(ow),
inicjat imienia, tytut rozdziatu, nazwisko autora(éw) lub
redaktora(éw), tytut pracy, wydawca, miejsce i rok wyda-
nia, strony]: McKirnan M.D., Froelicher V.F., General prin-
ciples of exercise testing. In: Skinner J.S. (ed.), Exercise te-
sting and exercise prescription for special cases. 2" Ed.
Lea & Febiger, Philadelphia 1993, 3-28.

Powotanie na materiaty zjazdowe tylko umieszczane
w miedzynarodowych bazach danych, np. SPORTDiscus:
Racz L., Tihanyi J., Hortobagyi T., Muscle fatigue during
concentric and eccentric contraction. In: Avela J., Komi
PV., Komulainen J. (eds.), Proceedings of the 5" Annual

reject papers if there is doubt whether suitable procedures
were used. Describe statistical methods with enough detail
to enable a knowledgeable reader with access to the origi-
nal data to verify the reported results. When possible,
quantify findings and present them with appropriate indi-
cators of measurement error or uncertainty (such as confi-
dence intervals). Authors submitting a review manuscript
should include a section describing the methods used for
locating, selecting, extracting, and synthesizing data. These
methods should also be summarized in the abstract.

Results. Present results in a logical sequence in the text,
tables, and figures. Do not repeat in the text all the data
presented in the tables or illustrations; emphasize or sum-
marize only important observations.

Discussion. Emphasize the new and important aspects of
the study and the conclusions that follow from them. Do not
repeat in detail data or other material given in the Introduc-
tion or the Results section. Include implications of the fin-
dings and their limitations, including implications for future
research. Relate observations to other relevant studies.

Conclusions. Link the conclusions with the goals of the
study but avoid unqualified statements and conclusions not
completely supported by the data. Avoid claiming priority
and alluding to work that has not been completed. State
new hypotheses when warranted, but clearly label them as
such.

Acknowledgments. List all contributors who do not
meet the criteria for authorship (e.g., a person who provided
purely technical help or writing assistance). Financial and
material support should also be acknowledged.

References. References (only the ones included in inter-
national data bases, e.g. SPORTDiscus, Medline etc.) sho-
uld be submitted on a separate sheet of paper and in the or-
der of appearance in the text. References should be numbe-
red consecutively in the order in which they are first
mentioned in the text. Identify references in text, tables,
and legends by Arabic numerals in parentheses, e.g. Bo-
uchard et al. [23]. Except in the case of review articles, the
total number of references should not exceed 30.

A journal article should include: surname of the au-
thor(s); first name (only initials); title of the paper; title of
the journal in the accepted abbreviation; year, volume (num-
ber), and pages. List all authors when six or less; when seven
or more, list first six and add et al. Example: Shinohara M.,
Li S., Kang N., Zatsiorsky V.M., Latash M.L., Effects of age
and gender on finger coordination in MVC and submaximal
force-matching tasks. J App! Physiol, 2003, 94, 259-270.

Articles not in English: Authors should translate the ti-
tle into English and enclose the language of translation in
square brackets. Do not translate the title of the journal.
Only papers with English abstracts should be cited. Exam-
ple: Jaskoélska A., Bogucka M., Swistak R., Jaskolski A.,
Mechanisms, symptoms and after-effects of delayed musc-
le soreness (DOMS) [in Polish]. Med Sportiva, 2002, 4,
189-201.
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Congress of the European College of Sport Science. July
19-23, 2000, Jyvaskyla Finland, 600.

Powotlanie na artykuly w formie -elektronicznej:
Donsmark M., Langfort J., Ploug T., Holm C., Enevold-
sen L.H., Stallknech B. et al., Hormone-sensitive lipase
(HSL) expression and regulation by epinephrine and
exercise in skeletal muscle. Eur J Sport Sci, Volume 2,
Issue 6 (December 2002). Available from: URL: http:/
www.humankinetics.com/ejss/bissues.cfm/

Przypisy. Przypisy, objasniajace lub uzupelniajace
tekst, powinny by¢é numerowane z zachowaniem ciaglosci
w calej pracy 1 umieszczone na koncu tekstu gldwnego.

Tabele i ryciny. Tabele i ryciny wraz z numeracjg, pod-
pisami oraz opisami nalezy umiesci¢ na osobnych stronach,
na ktérych odwrocie trzeba podac tylko tytul pracy, bez
nazwiska autora. Jezeli w tekscie nie ma powotania na ta-
belg lub rycing, nalezy zaznaczy¢ miejsce jej umieszczenia.
Ryciny musza by¢ czarno-biate lub w odcieniach szarosci.
Symbole, np. strzatki, gwiazdki, lub skréty nalezy doktad-
nie objasni¢ w legendzie. Wykresy powinny by¢ wykonane
w programach Excel lub Statistica 5.0 i dotaczone jako
osobne pliki w formacie *xIs lub *.stg. Pozostale ryciny
(np. schematy) nalezy przygotowa¢ w programie Corel
Draw (wersja 8 lub nizsza) i dotaczy¢ jako osobne pliki
w formacie *.cdr. Fotografie lub inne materiaty ilustracyjne
mozna dostarczy¢ w formie elektronicznej (*.tif, *jpg — ge-
sto$¢ punktow obrazu 300 lub 600 dpi) badz w postaci na-
dajacej si¢ do ostatecznego opracowania przez Redakcjg.

Nie mozna powtarza¢ tych samych wynikéw w tabe-
lach i na rycinach.

Praca, w ktdrej tabele i ryciny beda przygotowane nie-
zgodnie z podanymi wymogami, zostanie odestana do au-
tora.

Korekta autorska

Artykut po opracowaniu redakcyjnym zostanie przeka-
zany do autora w celu naniesienia przez niego korekty au-
torskiej. Obowiazkiem autora jest odestanie korekty w cia-
gu jednego tygodnia. Kosztami poprawek innych niz dru-
karskie bedzie obciazony autor.

Poczta elektroniczna

Zachecamy autoréw do przesylania prac w postaci elek-
tronicznej (jako zataczniki). Kazda czg$¢ pracy powinna
by¢ przestana jako oddzielny zatacznik: plik tekstowy, plik
z rycinami, plik z tabelami, plik fotograficzny itd. Aby
przyspieszy¢ przesylke, pliki nalezy skompresowaé w po-
staci *.arj lub *.zip. Komplet plikéw powinien by¢ przesta-
ny na adres hum_mov@awfwroc.pl

Prawa Redakcji

Redakcja zastrzega sobie prawo poprawiania usterek
stylistycznych oraz dokonywania skrétow. Prace przygoto-
wane niezgodnie z regulaminem beda odsytane autorom do

poprawy.
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A book should include: the author’s or editor’s surname
(authors’ or editors’ surnames), first name initials, the title
of the book in English, publisher’s name, place and year of
publication. Example: Osinski W., Anthropomotoric [in
Polish]. AWF, Poznan 2001.

Chapter in a book: McKirnan M.D., Froelicher V.F.,
General principles of exercise testing. In: Skinner J.S. (ed.),
Exercise testing and exercise prescription for special cases,
2" Ed. Lea & Febiger, Philadelphia 1993, 3-28.

Conference proceedings and papers can only be refer-
red to in the text if they are included in international data
bases, e.g. SPORTDiscus. Example: Racz L., Tihanyi J.,
Hortobagyi T., Muscle fatigue during concentric and ec-
centric contraction. In: Avela J., Komi PV., Komulainen J.
(eds.), Proceedings of the 5" Annual Congress of the Euro-
pean College of Sport Science. July 19-23 2000, Jyvaskyla
Finland, 600.

Article in electronic form. Example: Donsmark M.,
Langfort J., Ploug T., Holm C., Enevoldsen L.H., Stallknech
B. et al., Hormone-sensitive lipase (HSL) expression and
regulation by epinephrine and exercise in skeletal muscle.
Eur J Sport Sci, Volume 2, Issue 6 (December 2002). Ava-
ilable from: URL: http://www.humankinetics.com/ejss/
bissues.cfm/

Tables and figures. Each table together with its number,
title, and annotations, should be submitted on a separate
sheet of paper. Authors should identify the places where ta-
bles and figures are to be included within the text. Figures
should be prepared in black and white and marked on the
back with the title of paper only (do not include the name of
the author). Legends for the figures should be submitted on
a separate sheet of paper and should be self-explanatory.
When symbols, arrows, numbers, or letters are used to
identify parts of the illustrations, identify and explain each
one clearly in the legend. Only Figures prepared in Excel,
Statistica 5.0 or Corel Chart (version 8 or lower) will be ac-
cepted. The recommended file formats for figures are:
*jpg, *.tif, with an image resolution of 300 or 600 dpi.

Figures and tables should be numbered consecutively ac-
cording to the order in which they have been first cited in the
text. Data should not be repeated in tables and figures.

Photographs must be black and white glossy prints.

Proofs

The corresponding author will receive one proof. Only
minor corrections can be made at this time. Corrections
other than printing errors may be charged to the author. It is
the author’s responsibility to return the corrected proofs
within 1 week.

Sending via e-mail

Authors who have an access to Internet are encouraged
to send their work-files electronically using standard
e-mail software. The e-mail software must have an option
to send data files attached to the e-mail message. In such
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Prawa autorskie

Publikacje podlegaja prawu autorskiemu wynikajacemu
z Konwencji Bernenskiej i z Migdzynarodowej Konwencji
Praw Autorskich, poza wyjatkami dopuszczanymi przez
prawo krajowe. Zadna czes¢ publikacji nie moze by¢ repro-
dukowana, archiwizowana ani przekazywana w jakiejkol-
wiek formie ani zadnymi srodkami bez pozwolenia wihasci-
ciela praw autorskich.

Platna reklama

Redakcja przyjmuje zamoéwienia na reklamy, ktore
moga by¢ umieszczane na 2. i 3. stronie oktadki lub na do-
datkowych kartach sasiadujacych z oktadka. Ceny reklam
beda negocjowane indywidualnie.

cases, all parts of the work should be sent as a separate
files: text file, picture file(s), table file(s), photo
file(s). To speed up the data transfer, files should be com-
pressed (if possible) using *.arj or *.zip formats before
transmission. Complete packages of manuscripts are to be
sent to the following address: hum_mov@awfwroc.pl

Reprints

Each Author will receive 1 copy of the issue in which
his/her work appears.

Advertising

The Editorial Board accepts advertising orders. Adver-
tisements can be published on the second and third page of
the cover or on the pages next to the cover. Advertisement
prices will be negotiated individually.

ZASADY PRENUMERATY CZASOPISMA HUMAN MOVEMENT
THE RULES OF SUBSCRIBING THE HUMAN MOVEMENT JOURNAL

Cena rocznej prenumeraty (dwa numery) dla odbiorcéw indy-
widualnych w kraju wynosi 27 zi, dla instytucji 55 zt. Dla od-
biorcéw indywidualnych za granica wynosi 27 eu, dla instytucji
55 eu.

Numery czasopisma wysylamy poczta po otrzymaniu odpo-
wiedniej wplaty na konto:

BPH PBK S.A. O/Wroclaw
18 1060 0076 0000 3200 0040 0409
Akademia Wychowania Fizycznego
al. Paderewskiego 35, 51-612 Wroclaw,
z dopiskiem: Prenumerata Human Movement.

Prosimy zamawiajacych o bardzo wyrazne podawanie adresow,
pod ktére nalezy wysytaé zamawiane egzemplarze czasopisma.
Pojedyncze egzemplarze mozna zaméwic, wplacajac 16 zt (od-
biorca indywidualny) i 30 zt (instytucja) na podane konto i wpi-
sujac numer oraz liczbe¢ zamawianych egzemplarzy na odwrocie
blankietu wptaty (odcinek dla posiadacza rachunku).
Pojedyncze numery mozna zakupi¢ w cenie 16 zt w punktach
sprzedazy ksiazek w AWF we Wroctawiu oraz AWF w Warsza-
wie.

Dla odbiorcow z Europy Wschodniej zachowujemy taka sama
ceng jak dla odbiorcow w Polsce, przeliczajac zlote na walutg
kraju docelowego po kursie w dniu zamawiania.

The price of annual subscription (two issues) for individual fo-
reign subscribers is Euro 27 and Euro 55 for foreign institu-
tions.
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