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Dear Readers,

It is not news that the world is currently in a state of tremen-
dous turmoil. For many of us it is a toxic world. Since our
mission is to serve children, youth, families, communities,
and school personnel from around the world, we do believe
that you will find the Montenegrin Journal of Sports Science
and Medicine to be fertile ground for offering assistance to
others via the generation, dissemination, and preservation of
findings from front-line research. On the other hand, the sci-
ence is the fuel of progress, in the sports sciences, medicine,
and much wider and we have to use this opportunity to
spread out the best ideas and make this World better, mostly
due to the reason the industrialization and technological ad-
vancement has adversely affected our environment and life-
styles that has manifested in new types of diseases and ail-
ments, which poses a challenge not only to medical but also
to sociological, psychological and more related fraternities.
Hence one needs to do specialization and also acquire certa-
in skills in advanced technologies, necessary to operate and
use sophisticated equipment’s, which not only help in exact
diagnosis of the subjects in need but also provide options to
use non-invasive methods of treatment and also increase
healthy lifestyles dramatically. Maximum improvement of
health and relief from suffering within available resources
should be our main goal.

I would also remind again all the potential authors that
Montenegrin Journal of Sports Science and Medicine also
provides an ideal forum for exchange of information on as-
pects of sports science and medicine; all clinical aspects of
exercise, health, and sport; exercise physiology and biophy-
sical investigation of sports performance; sport biomecha-
nics; sports nutrition; rehabilitation, physiotherapy; sports
psychology; sport pedagogy, sport history, sport philosophy,
sport sociology, sport management; and all aspects of scien-
tific support of the sports coaches from the natural, social
and humanistic side, in various formats: original papers, re-
view papers, editorials, short reports, peer review - fair re-
view, as well as invited papers and award papers.

In recent years, the Montenegrin Journal of Sports Science
and Medicine has continued to show important advances in
both the content and quality of its published articles, and the
volume of submissions has increased substantially. Since
the end of 2014, over 60 manuscripts have been processed
(peer- and editorial-reviewed, and accepted or rejected).
Now indexed in 29 databases, Montenegrin Journal of
Sports Science and Medicine has kept recognition as one of
Montenegrin leading scientific journals in the area of sports
science and medicine. This is reflected in its MR4 status, as
recognized by the University of Montenegro, the Depart-
ment specialized for the classification of scientific publicati-
ons. Additionally, Montenegrin Journal of Sports Science
and Medicine has earned a current score of ICV 6.17, as re-
ported in the IC Journals Master List 2013. As a consequen-
ce of these accomplishments, on behalf of our authors, jour-
nal board members and anonymous reviewers, all of people
who have volunteered to contribute to the success of the
journal, I have a pleasure to invite additional members to jo-
in us in an effort to make the Montenegrin Journal of Sports
Science and Medicine widely recognized international pub-
lication.

Finally, we wish to encourage more contributions from the
scientific community and industry practitioners to ensure a
continued success of our journal. Authors, reviewers and
guest editors are always welcome. We also welcome co-
mments and suggestions that could improve the quality of
our journal.

Thank you for reading us and we hope you will find this
issue of MJSSM informative enough.

Editor-in-Chief
Prof. Dusko Bjelica, PhD
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Comparison of Fitness Levels between Croatian
and Lithuanian Students

Dario Novak

University of Zagreb, Faculty of Kinesiology, Zagreb, Croatia

Harvard University, Department of Social and Behavioral Sciences, Boston, United States
Hrvoje Podnar

University of Zagreb, Faculty of Kinesiology, Zagreb, Croatia

Arunas Emeljanovas

Lithuanian Sports University, Faculty of Sports Education, Kaunas, Lithuania

Risto Marttinen

Columbia University, Teachers College, New York, United States

ABSTRACT

The aim of this study was to determine and compare the level of individual anthropological characteristics of children in
Croatia and Lithuania. The study examined height, weight, BMI and flexibility, explosive power and muscle endurance. The study
included a total of 11,258 participants from two different countries. Of the total sample, 8,289 participants were from Croatia
between ages 11 and 14 (mean age 12,5+1.5), of which 4,032 were male and 4,157 were female students. The other 2,969
participants were from Lithuania, also in the age range of 11-14 years (mean age 12,4+1.6), of which 1,504 participants were male
and 1,456 females. During the 2009-10 school year, reserachers conducted measurements on students at different schools across
Croatia. The same battery of tests was conducted in Lithuania during the same year. The results showed that the Croatian students
have a higher body-mass, have higher BMI values and score better on tests of flexibility. Lithuanian students achieved better results
in the repetitive strength test. Boys are taller, heavier and had higher BMI values as well as achieved better results in tests of
explosive power and muscle endurance, while girls were more flexibile. Boys from Lithuania scored highest in all tests except in
flexibility compared to boys in Croatia. Girls from Lithuania are thinner, have lower BMI and achieve better results in repetitive

test of strength than girls in Croatia. Age was shown as a significant factor in the increase in all tested variables.

Key words: morphology, motor skills, gender.

Introduction

According to World Health Organization's definition (WHO),
health is a state of complete physical, mental and social well-
being and not merely the absence of disease or infirmity. Humans
are built for movement, and, therefore, physical activity is crucial
for their physical, cognitive and social development, as well as
for the capacity to learn and develop fundamental motor skills
and abilities that later enable an active lifestyle. Technological
development and advances in technology may lead to increasing
sedentary behaviour beginning at early childhood. This in turn
can lead to increased risk of heart disease, malignant diseases,
stroke, hypertension, diabetes; which are all leading causes of
mortality among adults in developed countries.

Research on physical activity of children in the first grade
of primary school show that 19.3% of boys and girls watch TV
more than two hours per day. In addition, between 12% and
18% of pupils spend over two-hours per day playing computer
games. 61.3% of boys and 57.4% of girls ride bicycles only
once or less per week (for 30 minutes or more). 19.1% of boys
and 28.9% of girls engage in walking or running once (or less)
a week (JureSa, Musil, & Petrovi¢, 2009). These data point to
the current insufficient physical activity levels among children
and to the need for organized forms of physical activity. It is
important, for this reason, to monitor and check anthropological

Received for publication November 15, 2014

measures starting at early childhood.

Most commonly, when measuring the diversity of living
between countries, data are associated with differences in dieta-
ry habits, access to sports facilities and possibilities for enga-
ging in various physical activities, as well as in differences in
education and training systems. Furthermore, there is very little
research dealing with the cultural examination of anthropologi-
cal characteristics of children in the countries of eastern and
northern Europe.

Anthropological measures can be indicators of a person’s
health status and nutritional status of a population; therefore,
studies of anthropological features are needed. Additionally, re-
sults from anthropological diagnostics can be used for forecas-
ting anthropological features development, planning, program-
ming and preparing all types of work in physical and medical
fields, identifying talented children, monitoring body composi-
tion and physical fitness, signposting children toward appropri-
ate anthropological activities and determining indicated lifelong
physical exercise activities for children (Neljak, Novak, Sporis,
Viskovi¢, & Markusg, 2012).

Many studies have shown that the level of anthropological
characteristics is affected by various factors including: environ-
mental factors (Malina, Pefla Reyes & Little, 2008), lifestyle,
dietary habits (Hebbelinc, Clarys, & De Malsche, 1999),
cultural differences, and socio-economic status (Freitas et al.,
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2007). Therefore, the objective of this research was to measure
and determine the differences between anthropological chara-
cteristics among children in Croatia and Lithuania.

Methods

Participants

The study included a total of 11,258 participants from two
countries. During the 2009-10 school year measurements were con-
ducted on students at different schools across Croatia. The same
protocol was done in Lithuania during the same school year. Of the
total sample, 8,289 participants were from Croatia between ages 11
and 14 (mean age 12,5+1.5) of which 4,032 were male and 4,157
were female students. The distribution of participants was the
folowing: 11yr-1994, 12yr-2103, 13yr-2200 and 14yr-1992. The
other 2,969 participants were from Lithuania, also in the age range
of 11-14 years (mean age 12,4+1.6) of which 1,504 participants
were male and 1,456 females. The distribution of participants was
the folowing: 11yr-760, 12yr-752, 13yr-725 and 14yr-732.

Measurements

During the research, the following data was collected:
weight (kg), height (cm), body mass index (BMI), and three
motor skills tests: 1) Sit and Reach test (SAR) for lower back
flexibility; 2) Sit-up test (SUP) for abdominal muscles enduran-
ce; and 3) Standing Broad Jump (SBJ) test for explosive power.

Tests

SAR: The sit and reach test was used to assess flexibility of
the spine and the posterior leg muscles. Each participant was
asked to sit on the gymnasium floor, with knees straight and
resting their bare feet vertically against a box 30 cm in height.
To perform the test, the subject leaned forward with straighten-
ed arms and knees and reached over the top surface of the box.
The distance between toes and finger was measured. Positive
values were recorded if the participant was able to reach further
than his/her toes, negative values were recorded if the partici-
pant was unable to reach his/her toes, and a zero value was gi-
ven when participants just touched their toes.

Table 1. Descriptive statistics (mean+standard deviation) for Croatian and Lithunian students

Mean £SD
Variables Lithuania Croatia
Height 160,09+10,12 159,79+9,83
Weight 48,04+10,46 52,38+12,76
BMI 18,6+3,28 20,86+3,65
SAR -21,11+7,03 2,05+8,81
SBJ 165,97+27,71 166,79+26,05
SUP 24,22+4,65 20,19+4,97

Legend: BMI - mass index, SAR - Sit and Reach test, SUP - Sit-up test, SBJ - Standing Broad Jump.

SUP: The maximum number of sit-ups achieved in 60-se-
conds was recorded. The participants were instructed to keep
their arms across their chest while curling up to a sitting positi-
on until their elbows touched their thighs. This test gave us in-
sight in abdominal strength and endurance. One trial was given.

SBJ: The standing broad jump test defines the maximum
horizontal distance attained by a jump, with feet together. The
higher score of the two attempts was considered as the final
score.

Table 2. Descriptive statistics (mean+standard deviation) within gender (not considering age and country)

Mean +£SD
Variables Male Female
Height 160,39+11,15 159,36+8,49
Weight 51,72+13,24 50,72+11,37
BMI 20,53+3,89 19,9+3,49
SAR -6,61+12,63 -1,57£13,19
SBJ 175,44+27,19 157,85+22,7
SUP 22,5545,23 20,13+4,75

Study design

The measurements conducted, were a part of the project:
“Evaluation of anthropological characteristics of students in
primary and secondary schools - Cro Fit Standards,” under the
leadership of the Agency for Education in Croatia. Measurers
were trained physical education teachers, who were familiar
with the methodology of measurements during workshops whe-
re they had learned about the details of the measurement. An-
thropometric variables (weight and BMI) were obtained using
the Omron BF 500 (Omron Medizintechnik, Mannheim, Ger-
many) device that works on the principle of bioelectrical impe-
dance. Height was measured with centimeter tape.

Statistical analysis

Descriptive statistics are expressed as mean and standard
deviation for all variables. Two-way group ANOVA was used
to examine the differences between Croatian and Lithuanian fe-
male participants and between Croatian and Lithuanian male
participants. Three-way group ANOVA was used to examine
the differences within age by country and sex. The alpha level
was set at p<.05.

Results

When comparing Lithuanian and Croatian students as a
whole, while not considering age and sex, we can see that two
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groups are different. In particular, Croatian students are heavi-
er, and have higher values of BMI, although, there is no signifi-
cant difference in body height. Lithuanian students achieved

better results in SUP, while Croatian students scored better in
the flexibility of lower back and back thigh and explosive po-
wer (Table 1 and 7).

Table 3. Descriptive statistics (mean+standard deviation) within gender for Croatian and Lithunian Students

Mean £SD
Variables Lithuania Croatia
Height 159.45+8.71 159.33+8.41
E]J Weight 47.594+9.71 51.83+11.71
< BMI 18.59+2.82 20.394+3.58
E SAR -19.13+£6.8 4.66+8.43
=~ SBJ 153.7+£21.19 159.39+£23.04
SUP 22.85+4.34 19.13+4.49
Height 160.71£11.29  160.27+11.09
- Weight 48.47+11.13 52.95+13.75
— BMI 18.61+£3.68 21.49+3.64
S SAR 23.03£6.7  -0.45+7.97
SBJ 177.94428.08  174.46+26.77
SUP 25.56+4.55 21.38+5

Furthermore, as shown in Table 2 and 7, comparison of ma-
le and female students (not considering age and country) show-
ed some statistically significant differences. Males were taller,
heavier, with higher BMI and performed better in SUP and
SBJ. Female students achieved higher results in SAR test.

When comparing Lithuanian and Croatian students while
considering gender, results showed significantly significant di-
fference for all motor variables: SAR (p<.05), SBJ (p<.05),
SUP (p<.05) and BMI (p<.05). There was no significant diffe-
rence in body height and body weight (Table 3 and 7).

Table 4. Descriptive statistics (mean+standard deviation) for total sample (not considering country and gender)

Mean £SD
Variables 11 12 13 14
Height 151,09+7,59 157,59£7,64  163,12+7,71 167,72+8,15
Weight 43,59+10,46 49,37+11,2 53,82+11,52  58,15+11,29
BMI 19,37+3,65 20,13+3,67 20,3743,57 20,79+3,74
SAR -5,13+12,81 -4,82+13,51 -3.26+12,79 -3,06+13,4
SBJ 154,86+21,54 162,16+24,17 170,86+24,86 178,29+29,04
SUP 19,77+4,96 20,83+4,94 21,99+5,01 22,69+5,15

In order to examine whether there was a difference in ob-
served variables according to age (not considering gender and
country), the three-way analysis of variance was performed. As
can be seen in Table 8, all variables obtained statistical signifi-

cance at the level of .05. In all variables a progress with regard
to age of participants can be observed (Table 4). The same
occurs when age and gender were considered (Table 5).

Table 5. Descriptive statistics (mean+standard deviation) within age for male and female students (not considering country)

Mean £SD
Variables 11 12 13 14
Height 151,75+7,72 158,09+6,94 162,44+6,59 164,89+6,31
E Weight 43,93+£10,6 49,26+10,78 53,37+10,3 56,13+£10,01
< BMI 19,07+3.,62 19,66+3,56 20,22+3,37 20,6+3,21
E SAR -3,67+13,15 -1,98+13,25 -0,7+12,6 -0,01+13,52
= SBJ 149,25+21,01 156,87+22,69 161,62+21,82 163,16+22,69
SUP 18,77+4,62 19,81+4,54 20,76+4,58 21,07+4,92
Height 150,43+7.4 157,11+8,21 163,88+8,73 170,56+8,78
o Weight 43,25+10,3 49,47+11,59 54,33+12,73 60,18+12,12
— BMI 19,76+3,64 20,67+3,73 20,56+3,8 21,01+4,24
é SAR -6,6+12,29 -7,51+13,2 -6,12+12,39 -6,14+12,55
SBJ 160,47+20,58 167,09+24,48 181,43+23,9 193,55+26,66
SUP 20,78+5,08 21,78+5,12 23,37+5,12 24.33+4,86

When age and countries were considered, the analysis
showed statistically significant differences for whole morpholo-
gical and motor battery of tests (Table 8). In all variables a pro-
gress with regard to age of participants can be observed in both

countries (Table 6).

When examined whether there is a difference between Cro-
atian and Lithuanian male and female participants when consi-
dering age results showed significantly difference for all mor-

7
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phological variables (Height (p<.05); Weight (p<.05), and BMI
(p<.05). There was no significant difference in SBJ and SUB
(p<.05) between male and students from Croatia and Lithuania

Table 6. Descriptive statistics (mean+standard deviation) within age for Croatian And Lithunian Students (not considering sex)

when considering age while in SAR we can notice statistically

significant differences.

Mean £SD
Variables 11 12 13 14
Height 151.29+7.73 157.11+7.65 163.24+7.7 167.42+8
< Weight 45.05+10.98 50.18+11.77 55.14+11.94 59.07+11.9
z BMI 20.33+3.71 20.78+3.76 20.98+3.7 21.26+3.36
8 SAR 1.46+7.7 1.73+£8.35 2.39+8.64 3.01+£9.51
&) SBJ 155.63+21.82 162.73+23.69 170.344+24.89 178.16+27.99
SUP 18.51+4.58 19.72+4.63 20.91+4.68 21.734£5.02
< Height 150.57+7.2 158.91+7.44 162.77+7.72 168.52+8.49
Z Weight 39.8+7.76 47.1249.1 49.949.08 55.68+9.05
< BMI 17.47+£2.64 18.59+2.95 18.74+2.58 19.65+4.3
E SAR -22.14£5.78 -22.92+6.91 -20.02+7.16 -19.26+7.53
E SBJ 152.96+20.73 160.67+25.35 172.334+24.74 178.62+31.62
SUP 22.91+4.44 23.75+4.53 25.09+4.65 25.21+4.6

Discussion and Conclusions

Numerous studies have shown that environmental factors
(European Commission, 2013), cultural differences (Prskalo,
Kraljevi¢, & Kovaci¢, 2011), socio-economic circumstances
(Jimenez Pavon et al., 2010a) and possibly differing physical
education curricula, and the very availability of sporting facili-
ties and venues largely influence children's physical fitness.
With this in mind, the goal of this research was to measure phy-
sical fitness of children aged 11 to 14 years between two coun-

tries, Croatia and Lithuania. The results showed that the sample
of children from Croatia significantly differed from the sample
of children from Lithuania in almost all of the examined
variables; only height was not significantly different. Croatian
pupils are heavier and have a higher BMI, and achieve better
results in the Sit and Reach (SAR) test, i.e. lower back flexibili-
ty test. Pupils in Lithuania achieve significantly results in the
Sit-ups (SUP) test, i.e. abdominal muscles endurance test. The-
re was a statistically significant difference in all of the exami-
ned variables between genders.

Table 7. Results of the analysis of variance (two-way ANOVA with interaction)

Variables Source of dF MS F p
Interaction

Height Groups 1 171.91 1.75 0.18
Gender 1 2621.56 26.76 0.00
Group*gender 1 53.83 0.55 0.45
Weight Groups 1 41311.17 278.46 0.00
Gender 1 2160.96 14.57 0.00
Group*gender 1 31.46 0.21 0.64
BMI Groups 1 11289.02 914.91 0.00
Gender 1 651.88 52.83 0.00
Group*gender 1 599.45 48.58 0.00
SAR Groups 1 1169091.54 19012.04 0.00
Gender 1 44118.27 717.46 0.00
Group*gender 1 794.577 12.92 0.00
SBJ Groups 1 2613.94 4.20 0.04
Gender 1 830255.96 1335.38 0.00
Group*gender 1 45250.32 72.78 0.00
SUP Groups 1 33573.70 1540.07 0.00
Gender 1 13259.04 608.21 0.00
Group*gender 1 110.13 5.05 0.02

Legend: dF - degrees of freedom; MS - mean square; F - MS factor/MS residual; p - statistical significance.

As already mentioned, there is a possibility that genetics,
geographical area of living (Kovacevi¢, Kvesi¢, & Kuna, 2011)
and differing dietary habits (Strauss & Pollack, 2001) play a
major role in morphological and motor abilities. Although pre-
vious studies have not yielded conclusive results, most of them
have shown that the socio-economic circumstances of an indivi-
dual's ecosystem are also related to the level of motor abilities
as well as to some morphological characteristics (Jimenez Pa-

8

von et al., 2010a and 2010b). According to research conducted
by Jimenez Pavon et al. (2010b), higher socio-economic status
was negatively related to BMI; in other words, in more develo-
ped countries with better socio-economic status a lower preva-
lence of obesity was observed. This may be an explanation for
the differences obtained in our research (better results of pupils
from Lithuania in the weight and BMI values). These results
are supported by research conducted by Janssen et al. (2005),



D. Novak et al.: Comparison Of Fitness Levels, Monten. J. Sports Sci. Med. 4 (2015) 1: 5-12

who observed that Lithuania is the country with the lowest pre-
valence of obesity (0.4 %) among 34 primarily European coun-
tries included in systematic review, while in Croatia the preva-

lence of obesity amounts to 3.8% (Antoni¢ Dega¢, Kai¢ Rak,
Mesaro§ Kanjski, Petrovié, & Capak, 2004).

Table 8. Results of the analysis of variance (three-way ANOVA with interaction)

Variables Source of Interaction dF MS F p
Groups 1 759.94 13.13 0.00
Gender 1 17422.34 301.03 0.00
Age 3 56219.10 971.39 0.00
Height Group*gender 1 3.38 0.06 0.80
Age*gender 3 5670.38 97.98 0.00
Group*age 3 230.48 3.98 0.00
Age*Group*gender 3 204.44 3.53 0.01
Groups 1 5938.92 49.90 0.00
Gender 1 8388.16 70.48 0.00
Age 3 42227.93 354.79 0.00
Weight Group*gender 1 4.73 0.04 0.84
Age*gender 3 2157.34 18.13 0.00
Group*age 3 476.14 4.00 0.00
Age*Group*gender 3 479.68 4.03 0.00
Groups 1 1372.21 113.69 0.00
Gender 1 66.47 5.51 0.01
Age 3 486.89 40.34 0.00
BMI Group*gender 1 19.10 1.58 0.20
Age*gender 3 105.79 8.77 0.00
Group*age 3 158.69 13.15 0.00
Age*Group*gender 3 28.62 2.37 0.05
Groups 1 265352.04 4405.72 0.00
Gender 1 17378.93 288.55 0.00
Age 3 2420.88 40.19 0.00
SAR Group*gender 1 1068.67 17.74 0.00
Age*gender 3 522.86 8.68 0.00
Group*age 3 454.28 7.54 0.00
Age*Group*gender 3 229.88 3.82 0.00
Groups 1 524.21 1.00 0.00
Gender 1 584918.66 1112.30 0.00
Age 3 127074.46 241.65 0.00
SBJ Group*gender 1 22427.41 42.65 0.00
Age*gender 3 51531.62 97.99 0.00
Group*age 3 2185.39 4.16 0.00
Age*Group*gender 3 775.01 1.47 0.21
Groups 1 6571.93 322.13 0.00
Gender 1 5929.55 290.65 0.00
Age 3 1684.98 82.59 0.00
SUP Group*gender 1 7.25 0.36 0.55
Age*gender 3 249.81 12.25 0.00
Group*age 3 56.61 2.77 0.03
Age*Group*gender 3 6.40 0.31 0.81

The observed differences in motor abilities between child-
ren from Lithuania and children from Croatia may be due diffe-
ring curricula. Namely, according to the European Commi-
ssion's research, there are differences in teaching plans and pro-
grammes between European countries. About one third of the
educational systems in Europe have two levels of physical edu-
cation teaching programme: mandatory and elective teaching
programme. (European Commission, 2013). According to the
same research, Lithuania has a lot more mandatory teaching
units in its mandatory teaching programme, as well as a wider
selection of elective sports activities than Croatia, which may
result in the obtained motor ability differences.

The difference noted in terms of flexibility (at the level of
the entire sample and subgroups; boys and girls) favouring Cro-
atian pupils is also supported by research conducted in Lithua-

nia (Volbekiene, & Griciute, 2007). In their research with child-
ren from Lithuania aged 12-16, Volbekiene and Griciute found
a trend of a significant reduction in flexibility, which they inter-
preted as a consequence of lower physical activity on a daily
basis. In addition, they noted a mild increase in the repetitive
strength of the torso.

Further, by making a comparison between boys and girls it
was observed that boys had a higher body mass, were taller,
had a higher BMI, and that they achieved better results in the
SUP and SBJ tests, while girls displayed better results only in
the SAR test. During the entire period of growth, with the exce-
ption of early adolescence growth momentum when girls sur-
pass boys in height, girls are shorter on average (Misigoj-Dura-
kovi¢, 2008). By making comparisons with results obtained
through similar studies, it can be concluded that the results of
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this research are very similar and that the subsamples differ in
the same anthropological characteristics and motor abilities.
Past research has obtained similar results (Boye et al., 2002;
Malina & Katzmarzyk, 1999; Mrakovi¢, Findak, Metikos, &
Neljak, 1996; Prskalo et al., 2011) where boys have better re-
sults in tests examining explosive power and muscle endurance,
while girls achieve higher values in motor tests that assess fle-
xibility. The obtained differences in motor abilities among res-
pondents may be a consequence of sexual dimorphism which
results in differences in body proportions and composition,
greater muscle mass and better functional and motor abilities in
favour of men compared to women (Segregur, Kuhar, & Para-
dzik, 2010). If we take into account the fact that boys have
greater muscle mass than girls, this muscle mass will also have
a higher percentage of different muscle fibres responsible for
performance of high-speed movements, which can lead to a be-
tter SBJ test result (Kovacevié¢ et al., 2011). Mrakovié et al.
(1996) state that lower motor ability values in girls should not
be attributed only to the specificities of their morphological
characteristics, but also to lower levels of usual physical activi-
ty and especially to lower participation in organized recreatio-
nal or sports activities.

According to Currie et al., (2012), 81% of girls and 69% of
eleven-year old boys are insufficiently active, and among thir-
teen-year-olds it is 85% for girls and 69% for boys, showing
that the prevalence of insufficient activity is higher among girls
than among boys. Longitudinal research (McHale, Crouter, &
Tucker, 2001) carried out over a three-year period showed that
girls spend much more time in sedentary recreational activites,
i.e. they much more commonly engage in a hobby or reading,
while boys typically spend their free time on sports or various
kinds of games.

As for the differences in the examined variables with regard
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ABSTRACT

The aim of the study was to examine the physical and physiological differences as dependent on age of young wrestlers. One
hundred and twenty-six 15 — 17 year old wrestlers volunteered as subjects in the present study. The physical and physiological
profiles included body weight, height, body mass index, flexibility, anaerobic power, aerobic endurance, strength, speed, and body
composition. The statistically significant (p<0.05) results are as follows: Age group 17 (AG 17) had significantly higher leg and
arm anaerobic power and capacity (leg power: 9521216 Watt (W); arm power: 684194 W and leg capacity: 489+101 W, arm
capacity: 354%88 respectively) as compared to the AG15 with (leg power: 718279 Watt (W); arm power: 458+149 W and leg
capacity: 376132 W; arm capacity: 247+86 W respectively). AG17 wrestlers were significantly faster than AG 15 (4.29+.25
second - 4.53+.30 second respectively). AG 15 wrestlers had significantly lower right and left hand grip strength (vight: 36.4+10.7
kg, left: 34.9+10 kg) than AG 16 (right: 43.9+8.4kg, left: 42.5+7.8 kg) and AG17 wrestlers (right: 46.6£8.7kg, left: 46.4+8.3 kg). In
conclusion The results of this study suggest that height, body weight, fat free mass, arms — legs anaerobic power and capacity,
speeds and hand grip strengths were increased both in one age range and in two ages range together with age progression, but it

was clearly seen statistical differences in two ages range.

Key words: Aerobic, Anaerobic, Body composition, Strength, Wrestlers.

Introduction

Wrestling is one the first sports included in the ancient
Olympic Games. It is characterized as a discipline which makes
great demands on athletes in terms of physical preparation
(Sterkowicz-Przybycien et al., 2011). Anaerobic and aerobic
capacity, upper and lower body strength, power, agility, and
flexibility are important factors needed to achieve good results
in wrestling competitions (Bloomfield, 1994, Horswill, 1989,
Horswill, 1992, Yoon, 2002, Mirzaei et al., 2009). The results
of the study (Horswill, 1992) summarizes that the general phy-
siological profile of the successful wrestler as one having high
anaerobic power (mean ranging from 6.1 to 7.5 Wkg™' for arms
and from 11.5 to 19.9 Wkg™' for legs); high anaerobic capacity
(range for arms from 4.8 to 5.2 Wkg™' and for legs from 7.4 to
8.2 Wkg™"); high muscular endurance; average to above average
aerobic power (range from 52 to 63 ml/kg/min); average pul-
monary function (range from 1.90 to 2.02 //kg/min for maximal
minute ventilation (Vgpay)); normal flexibility; a high degree of
leanness (3.7-13% fat), excluding heavyweights; and a somato-
type that emphasizes mesomorph. To achieve the better perfor-
mance, the wrestling training has to be formulated according to
these components.

Wrestling is a sport that applied based on the specific age
categories. In other words, in wrestling there are many age cate-
gories, including schoolboys (14-15 years (from 13 with medi-
cal and parental certificate), cadet (16-17 years (from 15 with
medical and parental certificate), junior (18-20 years (from 17
with medical and parental certificate), senior (20 years and
older) and veterans (older than 35 years) (FILA, 2014). How-
ever, there is no enough information available in the literature
about age — related characteristics of physical and physiological
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on wrestlers struggling in a category. Therefore, in the current
study, we asked whether the differences of are physical and
physiological based on ages in the category of cadet struggling
wrestlers. It was hypothesized that depending on the age and
training experience in wrestlers, physical and physiological di-
fferences occur and this promotes advantage in favor of older
wrestlers.

Methods

Subjects

One hundred and twenty-six young wrestlers ( age: 16.5 +
0.7 year (yr); Height (HT): 170.2 + 8.0 cm; body weight (BW):
67.7 £ 15.2 kg) volunteered as subjects in the present study.
The wrestlers were divided into three independent age groups
according to obtained personal informative form: age group 15
(AG15): n=25; AGl6: n=41; AG17: n = 60.

Procedures

Before participating, subjects’ parents (all under the age of
18) read and signed an informed consent form. It was asked for
the athletes not to participate daily training program within 24
hours prior to testing. Testing was completed for all wrestlers in
the same laboratory and field facilities on three consecutive
days. However, all participants completed a personal informa-
tion form that included their age (day/month/year), training
background. The subjects and coaches were informed in detail
about the experimental procedures and the possible risks and
benefits of the project. The study, which complied with the De-
claration of Helsinki, was approved by the Bioethics Commi-
ssion of the University of Ankara.
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Physical Tests

Height and Body Weight

Body height (HT) and weight (BW) measurements were
made using a digital scale (Seca gmbh & co.kg Germany) in ba-
re feet and wearing only shorts.

Body Composition

Body composition analysis was determined by measure-
ment of skinfold thickness and was measured at 3 sites (subsca-
pular, triceps, abdominal) with a Holtain caliper. Body fat per-
cent was calculated from the formula developed by Lohman
(1992). Fat free mass (FFM) was calculated by subtracting the
fat tissue mass (in kg) from the total body mass.

Physiological Tests

Anaerobic test

The Wingate (WAnT) tests were used for the arms and
legs during separate tests (Inbar et al., 1996). The leg Wingate
test consisted of a 30-s supramaximal cycling against a resis-
tance load. Each test was performed on a Monark cycle ergo-
meter (Model 894-E) and the load was calculated as 0.075 kg
x.kg"! body mass for each participant (Hiibner-Wozniak et al.,
2004). Arm cranking was performed at standing body posture
using ergometer (Monark 894E). Resistance of 0.055 kp.kg™
body mass was used for the athletes (Hiibner-Wozniak et al.,
2004).

Sprint running test (10— 30 m)

After a standardized 15-min warm-up period (low-intensity
running, several acceleration runs, and stretching exercises), the
subjects undertook a sprint running test consisting of two maxi-
mal sprints of 30 m, with a 3 min rest period between each
sprint. Maximal sprints of 10 m were measured during 30 m
sprint running test. The better of two measurements were recor-
ded. The running speed of the wrestlers was evaluated using
dual-beam electronic timing gates (Sport Expert MPS 501 Mo-
del). Speed was measured to the nearest 0.01 s.

Maximal hand grip and back strength tests

Hand grip strength was measured for right and left hands
with a Dynamometer (Takei A5001 Hand Grip Dynamometer
Tokyo, Japan). Maximal back and leg strength (BS) were mea-

sured using a back and leg muscle dynamometer (Takei A5002
Back and Leg Dynamometer, Tokyo, Japan). The average of
two trials was recorded.

Flexibility test

Flexibility of the trunk was determined from a sit and reach
test using a standard sit and reach box. Two trials were perfor-
med for this test. The better of two measurements were re-
corded

Aerobic endurance test

Aerobic endurance was determined by using shuttle run (20
meter) test. The wrestlers started running back and forth a 20 m
course and touched the 20 m line. The initial speed was 8.0
km/h which got progressively faster (0.5 km/h. every minute),
in accordance with a pace dictated by a sound signal on an
audiotape. The wrestlers were instructed to keep pace with the
signal for as long as possible. When the subjects could no lon-
ger follow the pace, the last stage recorded was used to predict
VO2max. A predicted VO2max was obtained using the equa-
tion of Leger and Gadoury (1989).

Statistical Analysis

General characteristics of the participants were presented as
means and standard deviations. Standard statistical methods
were used for the calculation of the mean and standard deviati-
ons (SD). The differences between the three age groups (AG:
15, AG: 16, and AG: 17) were determined using the one-way
analysis of variance (ANOVA). Post hoc comparisons were
made using the tukey procedure. Additionally, Pearson correla-
tion was calculated to examine the relationships between varia-
bles. The level of significance for all statistics was set at
p<0.05.

Results

According to age groups, characteristics, body composition
( Fat%, FFM ), hand grip, leg, and back strength, speed, flexibi-
lity, aerobic endurance, arms and legs anaerobic power and ca-
pacity values are presented in the tables below.

Table 1. The Characteristics of Wrestlers

A B C Post Hoc
M=SD MSD MSD p Significant
Result

Height(cm) 163.329.0 169.8+8.0 171.6+7.3 0.00  A-B,AC
Weight (kg) 55.9+15.1 66.4+15.6 70.4+14.1 001  AB,AC
Fat % 6.5+3.6 8.6+5.6 9.5+5.8 0.20
FFM (kg) 51.9+11.8 60.0+10.3 63.249.1 0.00  A-B,A-C
BMI 20.7+3.2 22.843.7 237433 0.02 AC
Training 45513 5.441.5 5.8+1.6 0.02 AC
Experiences

Legend: A - AG 15,B-AG 16,C - AG 17, FFM - fat free mass, BMI - body mass index

According to age groups, there was significant difference in
height variable between AG 15 and AG 16; and between AG 15
and AG 17 (p<0,05). There was significant difference in weight
variable between AG 15 and AG 16; and between AG 15 and AG
17 (p<0.05). There was significant difference in FFM variable
between AG 15 and AG 16; and between AG 15 and AG 17
(p<0.05). There were significant differences in BMI and sport ex-
periences variables between AG 15 and AG 17 (p<0.05) Table 1.

14

According to aerobic and anaerobic performance values,
there was significant difference in leg anaerobic peak power
(W) between AG 15 and AG 17 (p<0.05). There was significant
difference in leg anaerobic average power (W) between AG 15
and AG 16; and between AG 15 and AG 17 (p<0.05). There
was significant difference in arm anaerobic peak power (W)
between AG 15 and AG 16; and between AG 15 and AG 17
(p<0.05). There was significant difference in relative arm peak
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power (W/kg), arm average power (W) and relative arm avera-
ge power (W/kg) between AG 15 and AG 17 (p<0.05). There

was no significant difference in aerobic endurance (V02 Max)
among all age groups (p>0.05) Table 2.

Table 2. Aerobic and leg and arm anaerobic performance values of wrestlers

A B C SI.’OSFfHOC
M=SD M:SD MSD p ignificant
Result
LPP (W) 718279 868204 9521216 0.00 A-C
RLPP (W/kg) 12.6+1.8 13.2£1.9 13.5+1.8 0.20
LAP (W) 376:132 462102 4892101 0.00  A-B,A-C
RLAP (W/kg) 6.6:0.7 7.0£0.8 7.0£0.7 0.25
APP (W) 458+149 6162193 684194 000  A-B,A-C
RAPP (W/kg) 8.2+1.2 9.3+2.2 9.742.0 0.05 A-C
AAP (W) 247486 31596 35488 0.00 A-C
RAAP (W/kg) 4.40.6 4.7+0.9 5.0:0.8 0.02 A-C
Aerobic (V02 Max) 51.9+4.6 49.6+5.7 50.8£5.9 0.38

Legend: LPP - Leg peak power, RLPP - Relative leg peak power, LAP - Leg average power, RLAP - Relative Leg average power,
APP - Arm peak power, RAPP - Relative arm peak power, AAP - Arm average power.

Table 3. Speed, strength and flexibility values of wrestlers

A B C Post Hoc Significant
M=SD M=SD M=£SD P Result
10 meter (s) 1.82+.10 1.78+.12 1.80+.11 0.55
30 meter (s) 4.53+.30 4.36+.21 4.29+.25 0.01 A-C
Right hand grip (kg) 36.4+10.7 43.9+8.4 46.6+8.7 0.00 A-B, A-C
Left hand grip (kg) 34.9+10 425478 46.448.3 0.00 A-B, A-C, B-C
Back strength (kg) 135+32 150+32 153435 0.23
Leg strength (kg) 176£36 189+40 194+38 0.30
Flexibility (cm) 30.6+6.3 32.0+7.5 33.6+5.9 0.21

According to speed, Strength and flexibility values, there
was significant difference in 30 meter (m) between AG 15 and
AG 17 (p<0.05). There was significant difference in right hand
grip strength between AG 15 and AG 16; and between AG 15

and AG 17 (p<0.05). There was significant difference in left
hand grip strength among all age groups (p<0.05). There was
no significant difference in back strength, leg strength and
flexibility among age groups (p>0.05) Table 3.

Table 4. The correlation of selected physical and physiological parameters

i\r]): 126 LPP LAP APP AAP RHS LHS BS LS

Height 74%* TTEE .65%* JI5%* 70%* 69%* 67 56%*
Weight 82%* .89** T L82%* T5%* 74%* TR 61%*
BMI 76%* .84%* L65%* JTEE 70%* 69%* T3 S6%*
FFM 85%* 92%* JTHE 8TH* .80** R ITEE LO2%*

Legend: RHS - right hand strength, LHS - left hand strength, BS - back strength, LS - leg strength, **p=0.01.

It was identified high level correlation between height,
weight, BMI, FFM and arms-legs anaerobic performance valu-
es (power and capacity) (Table 4).

Discusion

The primary findings of this investigation indicate that AG
15 wrestlers were shorter than AG 16 and AG 17 wrestlers (3.8
and 4.8 % respectively) significantly. AG 17 wrestlers were
significantly heavier than AG 15 wrestlers (21 %). AG 15
wrestlers had significantly lower FFM than AG 16 and AG 17
wrestlers (13.5 and 17.9 % respectively). AG 15 wrestlers had
significantly lower BMI than AG 17 wrestlers (12.7 %). How-
ever, AG 17 had more training experience (22 %) than AG 15
wrestlers according to Table 1. When the results for the three
elite groups (AG 15, AG16, and AG 17) were compared, some
anthropometric variables such as height (HT), body weight

(BW), body mass index (BMI), and fat free mass (FFM) seem
to be related to age differences. Camic et al. (2009) confirmed
that in young wrestlers the increase of BW, HT, and FFM were
related to age in a similar pattern to that in non-trained adole-
scents. Housh et al. (1993) who compared age-related changes
in HT and BW in a sample of 477 high school wrestlers with
those of a national sample of 14- to 18-yr-old males. They re-
ported average yearly increases of 2.1 cm in HT and 2.6 kg in
BW. Whereas Camic et al. (2009) found yearly increases of 5.7
cm in HT and 4.3 kg in BW (813 yr). Housh et al. (1997) re-
ported yearly increases of 2.1 cm in HT and 4.0 kg in BW in a
sample of 67 high school wrestlers in a longitudinal investigati-
on. These differences in yearly increases in HT and BW for the
young wrestlers likely reflected the growth spurt associated
with adolescence in the young wrestlers. In addition, the incre-
ase of FFM with age may be as a result of both more training
experience and age related.

The comparison of anaerobic performance indicates that
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AG 17 had significantly higher leg peak power than AG15 (25
%). AG 15 wrestlers had significantly lower leg average power
than AG 16 and AG 17 wrestlers (18.6 and 23 % respectively).
AG 15 had significantly lower arm peak power than AG 16 and
AG 17 wrestlers (26 and 33 % respectively). However, AG 15
had significantly lower relative arm peak power and relative
arm average power than AG 17 wrestlers (15 and 12 % respe-
ctively). In addition, AG 15 had significantly lower arm avera-
ge power than AG 17 wrestlers (30 %) (Table 2). In the availa-
ble literature, there are little reports of studies of legs and arms
anaerobic peak and mean power in the same group of different
age wrestlers or any other combat sport discipline (Terbizan
and Selievold, 1996). Terbizan and Selievold (1996) while stu-
dying 15, 16, and 17 year-old wrestlers, established that arm
and leg anaerobic mean power increased with age, but statisti-
cally significant differences were only observed between the
youngest group and both older groups. Laskowski and Smaruj
(2008) monitored the changes in anaerobic capacity influenced
by during three years of judo training of 14-16 year-old boys.
They found that maximal anaerobic power 801.12 W and relati-
ve maximal anaerobic power 12.29 W/kg after 3 years process
training of 16.6 year-old boys. The results of our study compa-
red with the study, it is seen that similar age and body weight of
the wrestlers have more anaerobic power values than judo
athletes. The reason may be different training experiences. In
our study, statistically significant differences were only leg an-
aerobic peak and average power, arm anaerobic peak and avera-
ge power, relative arm anaerobic peak and average power ob-
served between AG15 and AG17 wrestlers. However signifi-
cant differences were observed leg anaerobic peak power, arm
peak power between AG16 and AG17. It was shown that the
anaerobic performance values in adolescent wrestlers increased
with age according to Table 2. The study results are seen to be-
ing similar to Terbizan and Selievold (1996) found no statistical
differences in one age range, but it was clearly seen statistical
the differences in two ages range. Age-related increases in ave-
rage anaerobic power and peak power during adolescence have
been shown to coincide with increases in BW, FFM and HT.
We suggest that both body composition (especially the increase
of FFM rate) and HT have considerable importance for sports
that have predominately anaerobic aspects in high level perfor-
mance. The numerous studies are generally about differences
between successful and less successful wrestlers or between
male and female wrestlers (Roemmich and Frappier, 1993;
Hiibner-Wozniak et al., 2004; Vardar et al., 2007; Pallares et
al., 2011; Pallares et al., 2012). The studies that compared di-
fferent competitive level judoists (elite and amateur) have
found that elite judoists had higher anaerobic power and capaci-
ty values than amateur judoists (Franchini et al., 2011). The
average power and peak power capabilities of wrestlers are
associated with explosive maneuvers (Lansky, 1999) and can
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ABSTRACT

Change is ubiquitous, but its degree and rate often affords detection of emerging patterns and establishing behavioral dynamics
based on expected regularities. Match analysis capitalizes on such regularities, capturing information relevant for enhancing
structure and reducing improvisation to a minimum. However, what if a game phase is only loosely regular, defyving pattern
systematization? Is it still possible to unfold principles of behavior capable of abstracting over-arching patterns? Our research
focused on analysis of complex IV (KIV) or attack coverage in volleyball. Fourteen matches from the 2013 Volleyball Women's
World Grand Champions Cup were analyzed. Results showed the occurrence of KIV corresponded to fewer than 5% of the total
number of actions, and plays where a team successfully conquered a point after attack coverage was circa 1%, meaning this game
complex will only make a difference in balanced matches. Overall, twenty-nine attack coverage structures emerged, denoting very
high organizational variability. Attack coverage therefore provides an example of principle-based and not structured-based game
phase. Associative analysis showed that quick attack tempos constrain the emergence of more complex attack coverage structures.
The search for principle-based instead of structure-based game phases may provide useful insights for comprehension of game

dynamics and for informing training processes.

Key words: structured improvisation, principle-based systemic organization, volleyball.

Introduction

Although change is the most ubiquitous fact of reality, its
degree and rate are often reduced enough making it possible to
detect emerging patterns and establish expected behavioral
regularities (McGarry, Anderson, Wallace, Hughes, & Franks,
2002). Match analysis capitalizes on such regularities (Gargan-
ta, 2009; Lames & McGarry, 2007), attempting to understand
the game logic and the relationships within a team and between
teams (Ciuffarella et al., 2013). Resulting information aids in
the optimization of training processes (Lames & McGarry,
2007; McGarry, 2009). Therefore, researchers and practitioners
search for game regularities with the expectancy that perfor-
mance will benefit from them (Dutt-Mazumder, Button, Ro-
bins, & Bartlett, 2011). In this context, Dynamic Systems Theo-
ry has brought about a deeper theoretical framework, presenting
a set of elements in dynamic interaction according to a common
goal (Walter, Lames, & McGarry, 2007).

Often, dynamic systems are complex enough as to possess
subsystems, which, despite being slave to the overall system,
exhibit partial independence (Thelen, 2005). This partial auto-
nomy of subsystems may promote the occurrence of disturban-
ces from within the system, causing the system to enter a transi-
tion period marked by instability until the system returns to its
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previous state or achieves a new stable state (McGarry et al.,
2002). This is achieved through self-organization in response to
non-linear constraints (McGarry, 2009), and often generates
novel patterns (Walter et al., 2007). This effect of novelty
should advise researchers to exert caution when generalizing
results or when extrapolating conclusions into future competiti-
ons (Walter et al., 2007).

Team sports have been characterized as dynamic systems
(Walter et al., 2007), with relationships between teammates,
opponents, and the environment over time, in the search to sco-
re a point and simultaneously to prevent the opponent from sco-
ring (Lames & McGarry, 2007). Such complex and often anta-
gonist interactions generate self-organized patterns, and the
emergent structures allow researchers and practitioners to cap-
ture the regularities and hopefully diminish the role of random-
ness (Bergeles & Nikolaidou, 2011; Pefia, Rodriguez-Guerra, &
Serra, 2013). Hence, the degree of structure is enhanced, whe-
reas the degree of improvisation is left to a minimum (Bergeles
& Nikolaidou, 2011; Miskin, Fellingham, & Florence, 2010).
However, what ensues when a system is only loosely regular,
when its patterns are so diversified that defy systematization?
Indeed, randomness occurring at various levels and time scales
is deemed to create disturbances in the system, ultimately crea-
ting uncertainty regarding the outcome (Aicinena, 2013;

19



L. Laporta et al.: Loosely systematized game phases: attack coverage case, Monten. J. Sports Sci. Med. 4 (2015) 1: 19-24

Garcia, Ibanez, Cafiadas, & Antinez, 2013). Could we still find
emerging principles of behavior capable of abstracting over-
arching patterns? Instead of having a set of predetermined
structures for each game scenario, could we instead find some
general, loosely systematized principles that could then be easi-
ly applied to a wide number of game scenarios and their variati-
ons?

This possibility will be explored providing the example of
volleyball. Research systematized the game logic and its sub-
systems, the most relevant being game complexes (K’s), which
have their own inner logic, despite integrating the broader sys-
tem that is the game of volleyball. Complex I (KI) or side-out
consists of service reception, setting and attack, while complex
IT (KII, counter-attack or side-out transition) consists of serve,
blocking, defense and counter-attack (Costa, Afonso, Brant, &
Mesquita, 2012; Costa, Ferreira, Junqueira, Afonso, & Mesqui-
ta, 2011; Rodriguez-Ruiz et al., 2011). Some authors also high-
light the KO (autonomizing the serve), KIII (transition or count-
er-attack to a previous counter-attack), KIV (attack coverage)
and KV (freeball and downball), all having their own internal
logic and, therefore, being considered separately in research
and in training (Hileno & Busca, 2012).

One such complex, KIV, consists in recovering the ball and
restructuring the offensive phase after the ball touches the block
and returning to the attacking team’s court (Hileno & Busca,
2012). The literature is outdated and highly simplistic when
approaching this game complex, bringing about two main stru-
ctures: a) the 3//2 system, consisting of three players near the
attacker (first line of coverage) and two far from the attacker
(second line of coverage); and b) the 2//3 system, which is the
opposite of the 3//2, having two players near the attacker and
three further back in the court (e.g. Asher, 1998; Selinger &
Ackermann-Blount, 1986). Despite this apparent simplicity,
what would happen if the game constraints became so complex
or diversified so as to challenge the structuration of rigid attack
coverage systems? Indeed, research has been showing that vo-
lleyball attack systems are increasingly fast and complex
(Afonso, Mesquita, & Marcelino, 2008; Castro & Mesquita,
2008; Ciuffarella et al., 2013; Costa et al., 2012), and this is
expected to impact upon the possibilities of KIV structuring, as
has been hinted by Hileno and Busca (2012). Relevant to our
case, this was the only scientific paper we found concerning
KIV. This might be particularly relevant in female volleyball,
since a stronger weight of KII induces longer rallies and, there-
fore, more opportunities for playing in KIV (Bergeles, Barzou-
ka, & Nikolaidou, 2009; Costa et al., 2012).

Therefore, our purpose was to examine attack coverage in
high-level women’s volleyball and to verify whether structured
systematization is possible or if a loose-principled approach is

more suitable. We hypothesize that attack coverage will likely
require a loosely systematized approach; hence we expect a
rigidly structured approach not to be suitable in this game pha-
se. The implications of this specific case might be broadened
into research questioning similar themes and inform about the
degree of structuring that a given phenomenon concedes.

Methods

Sample

Fourteen matches from the 2013 Volleyball Women’s
World Grand Champions Cup were analyzed, including twelve
of the highest ranked National Teams. A total of 52 sets were
analyzed, including 6815 ball possessions, 2042 of which
occurred in KI and 4773 in KII. The Ethics Committee at the
Centre of Research, Education, Innovation and Intervention in
Sport of University of Porto provided institutional approval for
this study.

Instrument

The matches were filmed with a video camera positioned
circa 9 meters from the side of court and at a height of circa 3
meters (Sony® Handycam HDR-CX240, 1080p, USA). Data
were registered in a worksheet created with IBM® SPSS® Stati-
stics Version 21. Total actions of the teams, occurrence of KIV,
the complex that the team was in the moment of KIV (KI or
KII), final effect after of KIV, KIV structure (i.e., player distri-
bution in the court), number of coverage lines, quality of first
contact, attack zone and tempo were analyzed.

Variables

Game complex previous to the attack coverage considered
the KI (attack after serve-reception) and the KII (counter-
attack) (Castro, Souza, & Mesquita, 2011; Silva, Lacerca, &
Jodo, 2013).

Setting zone was evaluated by the number of attack options
afforded to the setter, following a model similar to that of Este-
ves and Mesquita (2007), according to which we divided the
court in three different functional zones (Figure 1). In zone A
the setter had all attack options available; this zone is defined as
the region from the center line to 2 meters away and spaced 1
meter from the right line and 3 meters from the left line. Zone B
still allows quick attacks, but limits the number of attack com-
binations available, and is located 2 meters to 4 meters from the
centerline and laterally 1 meter from the right line and 4 meters
from left line. Zone C comprises the remainder of the court,
affording only the realization of high sets to the extremities or
to the back row.

Figure 1. Setting zones

The attack zones were defined according to the FIVB rules,
with the court divided into six zones (numbered 1 to 6). For our
purposes, zones 5, 6 and 1 were grouped into the category of
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corresponding to a specific time length. We defined three attack
tempos, based on Afonso and Mesquita (2007): 1 (the attacker
will be in the air, during or shortly after the set); 2 (after the set,
the attacker takes two steps); and 3 (three or more steps taken
after the set).

Concerning the attack coverage structure, a field format
was used, thereby not making use of pre-established categories,
as our goal was to list all the structures emerging from the
plays. As there are, to our knowledge, no references defining
what an effective attack coverage is, we considered that to par-
ticipate effectively in attack coverage the player must be facing
the attacker or the blockers, and be in the medium to low body
position described by Selinger and Ackermann-Blount (1986),
ready to engage. The number of attack coverage lines was mea-
sured counting from the net to the end line (Table 1).

Attack coverage effectiveness was characterized by the
effect of the play following it: the team terminated the play by
scoring, terminated the play by losing the point or the rally con-
tinued.

Variables and Testing Procedures

Descriptive statistics were used to register the events. We
first attempted constructing of three distinct predictive models,
using Multinomial Logistic Regression: @) a model predicting
the efficacy of attack coverage based on game complex, setting
zone, attack zone, attack tempo, attack coverage structure, and
attack coverage lines; b) a model predicting the attack coverage
structure, based on game complex, setting zone, attack zone,
and attack tempo; and ¢) a model predicting the number of
attack coverage lines, also based on game complex, setting zo-

ne, attack zone, and attack tempo. No significant model could
be achieved, as very strong data dispersion inhibited detection
of repetitive game patterns.

As a second step, a more modest associative analysis was
performed to examine relationships between the several varia-
bles under analysis, even if a more global and comprehensive
model could not be achieved. A Chi-square testing with Monte
Carlo correction was conducted. Where p was <0.05, cells con-
taining adjusted residuals above [2.0| were analyzed. Cramer’s
V was calculated to evaluate the Effect Sizes. Results of this se-
cond analysis somewhat support those obtained through the
first analysis, and its implications will be discussed in detail.

Reliability analysis

Intra-observer reliability analysis was conducted circa one
month after the original observations, and achieved a Cohen’s
Kappa between 0.81 and 0.89. Inter-observer reliability analysis
was conducted by an experienced volleyball coach and resear-
cher and achieved a Cohen’s Kappa between 0.75 and 0.84.

Results

Descriptive analysis

Attack coverage occurred in 277 occasions, corresponding
to 4.1% of the plays. Of these, 128 (46.2%) occurred after KI
and 149 (53.8%) after KII. Twenty-nine different KIV structu-
res appeared, under four groups: one-line formations, two-line
formations, three-line formations and four-line (see Table 1).

Table 1. Attack Coverage Formations

Frequency of

No. lines No. structures Percentage
occurrence
1 5(1,2,3,4,5) 13 4.8
10 (1//1, 1772, 1//3, 1//4, 2//1, 2//2,
2 273, 3//1, 3112, 41/1) 167 60.1
10 (/717,12 VI3, 11211,
3 /12112, 1//3//1, 2//1//1, 2//1/12, 93 335
2//2/11, 3//1//1)
4 4 (/U YIYRING U1, 4 16

2//1//1//1)

Overall, 4.7% of attack coverage scenarios presented a sys-
tem with one line of coverage (n=13), 60.3% a two-line system
(n=167), 33.6% a three-line system (#=93), and 1.4% compri-
sed a four-line system (n=4).

Concerning the quality of first contact, 48.7% of attack co-
verage occurred after setting in zone A (n=135), 38.6% after se-
tting in zone B (n=107), and 12.6% after setting in zone C
(n=35). Attack coverage followed attacks in zone 2 in 28.9% of
occasions (n=80), zone 3 in 12.3% (n=34), zone 4 in 47.3%
(n=131), and second line in 11.5% (n=32). With regard to
attack tempo, tempo 1 occurred in 9.0% of the plays preceding
attack coverage (n=25), tempo 2 in 41.5% of the plays (n=115),
and tempo 3 in 49.5% (n=137).

Finally, 22.9% (n=61) of the counter-attacks following
attack coverage resulted in attack error (i.e., they ended up bei-
ng ineffective), 54.5% (n=151) offered continuity in play, and
only 23.5% (n=65) resulted in scoring a point.

Associative analysis
Attack coverage formations presented a significant associa-
tion with attack tempo (x*=99.416, p<0.001, V=0.424). Several

attack coverage formations associated positively with tempo 1:
1//2 (2.2), 1//4 (5.6), 3//1 (2.5), 5 (3.2). No cell revealed signifi-
cant associations with tempo 2. Tempo 3 associated negatively
with the 1//4 structure (-2.2).

There was also a significant association between attack co-
verage formation and attack zone (x’=124.123, p<0.030,
V=0.386). Three formations associated with attacks in zone 2:
1//1/72 (2.2), 2//1 (-2.6), 2//3 (2.2). Four formations associated
with attacks in zone 3: 1 (2.9), 1//4 (4.7), 2//3 (-2.4), 3//1 (3.4).
One formation associated negatively with attacks in zone 4
(1//4; -2.1) and one positively with second line attacks: 2//1//1
2.4).

Finally, there was association with quality of first contact
(x*=76.615, p<0.035, V=0.372). The following cells associated
with balls passed into setting zone A: 1//3//1 (-2.3), 1//4 (2.3),
2//2 (2.6), 2//3 (-2.7). Balls set in zone B associated with 2//2 (-
3.3) and 2//3 (3.0). Associations emerged in the following cells
for balls set in zone C: 1//1//1//1 (2.6) and 1//2//1//1 (2.6),
1//3//1 (2.2). No significant association was found with game
complex (p=0.538, V=0.310) and attack coverage effect
(p=0.101, V=0.355).
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Considering the number of attack coverage lines, there was
an association between the number of lines and game complex
(x*=9.554, p=0.023, V=0.186). KI associated positively with
the emergence of two-line systems (2.4) and negatively with
three-line systems (-2.3). The inverse relationships were obser-
ved for KII.

No association was found between number of coverage li-
nes and quality of first contact (p=0.203, V=0.124), attack zone
(p=0.145, V=0.127), attack tempo (p=0.117, V=0.136), and
effect of attack coverage (p=0.179, V=0.127).

Discusion

Science has aimed at revealing hidden but meaningful pa-
tterns that improve our ability to anticipate and better cope with
expected constraints. Systemic approaches attempt to under-
stand the relationships within the subsystems and how such in-
teractions influence the evolution of the system’s behavior over
time (McGarry et al., 2002). Armed with these conceptual len-
ses, researchers in match analysis try to capture meaningful ga-
me patterns in an effort to better systematize its understanding
and hopefully translate that knowledge into better practices
(Dutt-Mazumder et al., 2011). Using the example of the attack
coverage (complex IV) in volleyball, we posed the question of
what would happen when a system’s behavior refused rigid
structuring. Our aim was to verify is there were such scenarios
in high-level sport and, if so, if it was still possible to find a
principle-based organization to inform practice.

Results showed that the occurrence of KIV corresponded to
fewer than 5% of the total number of actions, suggesting that it
may not be as relevant to the outcome as other game complexes
analyzed by the literature, such as complexes I (Laios & Koun-
touris, 2005; Zetou, Moustakidis, Tsigilis, & Komninakidou,
2007) and II (Marcelino, Mesquita, Sampaio, & Moraes, 2010).
Furthermore, the overall percentage of plays where a team su-
ccessfully conquers a point after attack coverage is around 1%.
However, performance at the highest level often depends on the
little details that produce all the difference (Marcelino et al.,
2010).

Additionally, we highlight the emergence of 29 different
attack coverage formations, each occurring with low frequency.
Indeed, only two out of the 29 structures presented a rate of
occurrence greater than 10%, namely the 2//2 structure with
11.9%, and the 2//3 structure with 13%. This denotes a conside-
rable structural variability under this game complex. The 3//2
structure, one of the systems depicted in dedicated volleyball
manuals (e.g., Asher, 1998; Selinger & Ackermann-Blount,
1986), occurs in only 7.2% of the situations. Consequently, a
highly structured approach to KIV is not warranted, thereby
confirming our hypothesis. Instead, a principle-based view may
be more suitable (e.g., ‘if you are near the attacker and not
involved in other actions, try to cover the attack”).

Acting upon general principles instead of rigid, predetermi-
ned structures is consistent with accepting the role and weight
of change in most phenomena. And although some game phases
in different sports may be prone to detailed structuring (Gar-
ganta, 2009; Lames & McGarry, 2007; McGarry et al., 2002),
others may resist such pretensions and increase the challenge of
guiding good practices, meaning a dynamic system can be so
complex and the interactions between its subsystems so diversi-
fied (Thelen, 2005) that self-organizing behavior will generate
a number of different outcomes. Notwithstanding, our data su-
ggests that some principle-based guidelines are possible. The
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association between attack tempo and attack coverage structure
revealed an effect size of V=0.424, meaning an extremely good
relationship between the two variables. Thus, attack tempo
seems to highly constraint the type of organizations possible in
each attack coverage sequence. Specifically, tempo 1 is associa-
ted with a number of two-line structures and with a one-line
structure. No three- or four-line structures were associated with
tempo 1. Therefore, despite the quickest attack tempo promo-
ting more feeble opposition from the blockers and defenders
due sheer game velocity (Ciuffarella et al., 2013; Costa et al.,
2012), it also impairs the attacking team’s chances of structu-
ring solid attack coverage.

The very strong effect size verified for the association bet-
ween attack coverage systems and attack zone (V=0.386) is, we
believe, a side effect of attack tempo, since quicker attack tem-
pos usually associated with zone 3, and slower attack tempos
with zones 2, 4, and 2™ line (Palao, Santos, & Urena, 2007).
We extend this reasoning to the setting zone (V=0.372), as this
variable severely constraints the options that are available for
developing quicker attacks (Marcelino, César, Afonso, & Mes-
quita, 2009; Palao et al., 2007).

Providing a very specific example from volleyball, we hope
to shed improved comprehension of what our results suggest.
When a team attacks by position 6, for example, a number of
different scenarios could have preceded that attack. In a highly
systematized attack coverage approach, each such scenario
would warrant a very specific structure, defining which players
would cover each location of the court depending on a number
of variables besides attack zone, such as: zone of first contact,
zone of second contact, involvement of attackers in quick
attacks and/or in combination plays, and so on. Conversely, a
loosely systematized approach would merely require defining
one broad action principle (e.g., cover near the attacker if you
are close to him/her, cover the backcourt if you are further
away), which would then be applied plastically to each emer-
ging game scenario. This would afford a more natural response
to emerging game constraints, besides imposing a much smaller
load to the players’ memory.

Conclusion

In summary, the volleyball game promotes few occurrences
of complex IV. Two major factors may contribute to this: a)
when the attacker faces the block, he might miss the attack,
score a point, or put the ball into the opponent’s court, with or
without a touch on the block; situations in which the ball de-
flects on the block and returns to the attacking team’s court is
reduced; and b) when the ball does return to the attacking
team’s court after being deflected by the block, it often results
in a point by the blocking team; on fewer occasions, the team is
able to defend the ball, but not allowing the construction of an
organized attack; on very few occasions, the team will be able
to counter-attack and score a point. Nonetheless, those few
occasions may be highly relevant for balanced matches, as most
are expected to be at the highest levels of practice.

The associations between the emerging attack coverage
structures and game variables such as attack tempo, game com-
plex, and others were scarce, with considerable variation and no
clear patterns emerging. Therefore, a principle-based approach
may be more rational than more strictly structured approaches.
Notwithstanding, we suggest that much research is warranted to
better understand the actual role of complex IV in high-level
women’s volleyball and similar game phases in other sports.
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ABSTRACT

This study was carried out with the aim of determining the PA levels of the trainers working in Kastamonu in terms of gender
and marital status variables. This study was applied to trainers from 15 different branches in the competitions organized by
Kastamonu Directorate of Youth and Sports and Kastamonu Directorate of National Education. A total of 51 trainers participated
in the study voluntarily; 19 of them were female, their mean age was 26.53+9.08 years, their mean height was 167.37+5.37 m and
their mean weight was 60.37+7.30 kg. 32 of the trainers were male; their mean age was 35.41£8.10, their mean height was
179.69+6.25 m and their mean weight was 83.94+12.11 kg. Since the PA levels of the trainers working in the city center of
Kastamonu were studied, the number of subjects was 51. In this study, in order to determine the physical activity level of the
trainers, Physical Activity Evaluation Survey (PAAQ) has been used. SPSS 15.0 was used to analyze the data in the dual
comparisons, the nonparametric Mann-Whitney U Test has been applied. According to gender, there was no significant difference
in met/week values of all indexes (p>0.05), also according to marital status, there was significant difference in met/week value of
work index (p<0.05, U=183,500). As a result, according to gender, while it was found that PA levels of male trainers were higher
in work (p>0.05, U=230,500) and sport indexes (p>0.05, U=282,000), PA levels of female trainers were found higher in home
index. On the other hand, it was also determined that according to marital status, PA levels of single trainers were higher than

married trainers in work index.

Key words: Physical Activity, trainer, Physical Activity Assessment Questionnaire (PAAQ).

Introduction

Human body constantly needs to move due to its innate
nature. However, through the facilities and the opportunities
provided by civilization, people are becoming less mobile each
passing day (Zorba and Saygin, 2009). As a result, health pro-
blems related to less movement have begun to appear and
immobility has become a factor which threatens people and
puts life under risk (Zorba and Saygin, 2009). With these chan-
ges, people’s physical activity levels are also constantly decrea-
sing. Today, physical activity deficiency is commonly seen in
adult and old population. There are many psychological, beha-
vioral and physiological reasons as to why people do not per-
form physical activity or perform limitedly (Bulut, 2013).

Physical activity (PA), which has been produced as a result
of flexing skeletal muscles, is corporal movements requiring
energy consumption over basal level (Ozer, 2006). PA involves
activities which is a part of daily life. Regular PA has positive
effect on the function of quite a few systems (F. Soyuer, and
Soyuer, 2008). It is a well known fact that regular physical acti-
vity reduces the risk of developing cardiovascular diseases;
helps control blood pressure in cases of hypertension; preserves
ideal body weight; reduces the frequency of depression and
stress and helps the formation of healthy bone and muscle liga-
ment structure (Arikan, Metintas, and Kalyoncu, 2008). Vario-
us sports, Cronbach alpha value was 0,926 by Karaca, Ergen,
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and Korug¢ (2000) dance, exercise, game and daily activities,
which involve all or a part of basic body movements, such as
walking, running, jumping, cycling, arm-leg and head-neck mo-
vements are accepted as physical activity (Baltaci, [rmak, Kesi-
ci, Celikcan, and Cakir, 2008).

PA of a person or a group is classified according to how it
is performed. Common classifications are as follows: occupati-
onal activities, housework, spare time activities and transporta-
tion. Spare time activities might be sub-classified as recreatio-
nal activities (walking, cycling) and exercise training (Ozer,
2006).

It is an important problem that physical activity is not perfor-
med regularly and insufficiently in many countries. Therefore, in-
creasing active life-style constitutes an important component of
national and international public health suggestions (Savci, Oz-
tiirk, Arikan, Inal, and Tokg6zoglu, 2006). According to Driskell,
Kim, and Goebel (2005), with reference to the guidebook of The
American College of Sports Medicine (ACSM) and American
Overseas Dietetic Association (AODA), it is necessary for adults
to perform sub-maximal activity, which is a minimum of 30 mi-
nutes every day or several days a week.

Although people have more spare time now, they still do
not allocate sufficient time for physical activity (Heyward,
2006). An immobile life-style and gaining weight are a co-
mmon problem observed among trainers, as a result of termina-
ting their active sports life. This condition brings along health
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problems as well. Regular physical activity has a significant ro-
le in increasing the self-esteem, work productivity and perfor-
mance of the trainer. In addition, psychological benefits of phy-
sical activity, such as positive thinking and dealing with stress,
have the effect of coping with psychological stress the trainers
are subject to, due to the expectation of winning and being su-
ccessful.

This study was performed with the aim of determining the
PA levels of the trainers working in Kastamonu with regards to
gender and marital status variables.

Methods

This study was applied to the trainers from 15 different
branches in the competitions organized by Kastamonu Directo-
rate of Youth and Sports and Kastamonu Directorate of Natio-
nal Education. A total of 51 trainers participated in the study
voluntarily. 19 of them were female; their mean age was
26.53+9.08 years, their mean height was167.37£5.37 m and
their mean weight was 60.37+7.30 kg. 32 of them were male;
their mean age was 35.41+8.10, their mean height was
179.69+£6.25 m and their mean weight was 83.94+12.11 kg.
Since PA levels of the trainers working in the city center of Ka-
stamonu were studied, the number of subjects was 51. Physical
Activity Assessment Questionnaire (PAAQ) on the validity and
reliability of the study was performed (Karaca et al., 2000) and
was used in order to determine PA levels of the trainers. For
each activity, MET value provided by Ainsworth et al. (2000)
as Metabolic Equivalent (MET) was used. According to this, all
activities are assigned an intensity level based on the rate of

energy expenditure expressed as METs.

Physical Activity Assessment Questionnaire (PAAQ) is
composed of a total of 6 parts as descriptive information (age,
height, weight etc.): activities related with work, activities rela-
ted with transportation, stair climbing, activities related with
housework and activities related with sports. Using this questi-
onnaire, individuals’ MET/week (kcal/kg/week), kcal/ week,
MET/hour values can be calculated. In calculating these data,
(frequency x time X intensity) is used. Frequency refers to how
many times the activity is done per week; time refers to how
much time it takes to do the activity (hour or minute); intensity
refers to the MET value spent for the activity in 1 hour. The
formula below is used in order to calculate MET/ week values.

MET/week (kcal/kg/week) = the frequency of activity x the
time of activity x the intensity of the activity (Karaca et al.,
2000).

MET Value: MET (Metabolic Equivalent) is predetermined
for each activity and is referred to as kcal/kg (Ainsworth et al.,
1993).

For the analysis given place to in the study, the SPSS 15.0
package program has been used and has been interpreted in
0.05 meaning level. In the dual comparisons, the nonparametric
Mann-Whitney U Test has been applied.

Results

According to gender, there was no significant difference in
MET/week values of all indexes (p>0.05); however, according
to marital status, there was significant difference in MET/week
value of work index (p<0.05, U= 183,500).

Table 1. The Comparison of Met/Week Values According to the Gender and Marital Status Variables

Variables Indexes N Mean Rank Sum of Ranks U p
m’éﬁ Ff/[rzie ;3 ;ﬁ;g 332:28 230.500 0.152
Temporaion - Female 19 W05 250 g o

% Indexy Male 32 26.89 £60.50 275.500 0.490
5 S
Stalrlg(lilen;bmg Ff,?;?ele §§ §‘7‘}f 323:?8 268.500 0.484
Isfdzri Ff,[rzie ;3 ggigg gigg 282.000 0.668
;(EI:)I( F&H;ele 3 Z?; gég:gg 278.000 0.612
m:; . l\i::.rgil:d ;471 ;(1):28 22‘1‘:28 183.500 0.008
. Tranlls{lll})rit{non I\ZI%ErgiEd %:71 %Zg% Z % g(g) 291.000 0.533
é Index Marrgied 27 2793 75400 272.000 0.326
Hobby Single 24 25.50 612.00
g Index Married 27 2331 629.50 251.500 0.166
e AT BN oo
bdo e 21 6% o

Legend: U - Mann-Whitney U Test
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In terms of gender, PA levels of male trainers were found to
be higher in work index (p>0.05, U=230,500) and sport index
(p>0.05, U=282,000), while PA levels of female trainers were
found to be higher in home index. On the other hand, it was
also determined that in terms of marital status, PA levels of
single trainers were found to be higher than married trainers in
work index.

Discussion

In this study, which was carried out in order to determine
physical activity levels of trainers serving in Kastamonu pro-
vince in terms of their gender and marital status, there is no
significant difference in the MET/week values of all the inde-
xes of participating trainers’ with reference to gender and mari-
tal status (p>0.05). However, it was determined that in the case
of home index, female trainers’ physical activity levels are
higher than males’. Thomas, Costa, Silva, and Hallal (2010)
suggest as a result of their study that females are more active in
housework. In addition, the study Bicalho et al. (2010) carried
out in Brazil suggest that men are more active in their work and
spare times, while women are more active in housework.
Akandere et al. (2008) suggest in their study which they carried
out on kick box trainers, that the time that is spend at work and
at home differs according to gender and women spend less time
at work. The reason behind this is considered to be primarily
arising from the fact that women have to deal with house work
(Arslan, Koz, Giir, and Mendes, 2003) or that women spend
more time at home compared to men (Akandere, Arslan, and
Taskin, 2008).

In our research, we have found out that male trainers’ phy-
sical activity levels are higher than women’s in work and sports
indexes in terms of the gender variable. Richardson, Ainsworth,
Wu, Jacobs, and Leon (1995) carried out a study on men and
women, whose ages range between 20 and 59 and found out
that men’s sports index averages are higher than women’s. The
results of our study are similar to those of Richardson et al.’s.
(1995) Physical Activity Assessment Questionnaire (PAAQ)
Reliability and Validity Study carried out by Karaca et al.
(2000) indicates that that men are less active than women in
terms of home index.

According to the marital status variable, a statistically signi-
ficant difference was found in MET/week value in work index
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(p<0.05). This study also shows parallelisms with the results of
Burton and Turrell (2000) and Hallal’s studies (Hallal, Victora,
Wells, Lima, 2003). In the work index, it can be seen that single
trainers have higher physical activity levels than married
trainers. Nevertheless, Hull et al.(2010) in their study, where
they examine the effect of marriage and having children on
physical activity, stated that marriage does not have any effect
on physical activity for young adults. Likewise, the difference
on total index between married and single trainers determined
in our study shows similarity with the study carried out by Hull
et al. (2010).

Conclusion

In conclusion, it can be seen that female trainers are more
active in home index, while male trainers are more active in
work index. Moreover, we have found out that PA levels of
single trainers in work index are higher than those of married
trainers. The time that women spend on sports activities are less
than men’s. Therefore, the awareness of male coaches in terms
of encouraging their spouses to do sports activities and infor-
ming them about the benefits of physical activities should be
raised. In addition, male coaches can hire help for their spouses
for house work or help them themselves and thus allow female
coaches to allocate time for physical activities. By reducing the
usage of technological devices which facilitate life but steer
people towards inactivity, people can be allowed to be physica-
1ly more active. Married couples who are both coaches choos-
ing sports activities which they can do together may help them
to acquire the habit of doing sports regularly. Therefore, it is
considered that acquiring the habit of regular physical activity
and adopting exercises as a part of daily life will be quite
efficient in protecting human health and reducing health risks to
be faced in future life.
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ABSTRACT

Anthropologists recognized the tallness of nations in the Dinaric Alps long time ago. As the modern Bosnian and
Herzegovinian fall more into the Dinaric racial classification, the purpose of this study was to examine the body height in Bosnian
and Herzegovinian adults as well as the relationship between arm span as an alternative to estimating the body height and body
height, which vary in different ethnic and racial groups. The nature and scope of this study analyzes 212 students (178 men, aged
22.4242.79 and 34 women, aged 21.56+2.06) from the University of Banjaluka to be subjects. The anthropometric measurements
were taken according to the protocol of the ISAK. Means and standard deviations were obtained. A comparison of means of body
heights and arm spans within each gender group and between genders were carried out using a t-test. The relationships between
body height and arm span were determined using simple correlation coefficients and their 95% confidence interval. Then a linear
regression analysis was performed to examine the extent to which the arm span can reliably predict body height. The results have
shown that male Bosnian and Herzegovinians are 183.87+7.11 cm tall and have an arm span of 184.50+£8.28 cm, while female
Bosnian and Herzegovinians are 171.82+6.56 cm tall and have an arm span of 169.85+8.01 cm. Compared to other studies, the
results of this one have shown that both genders make Bosnian and Herzegovinian population one of the tallest nations on the
earth, maybe the tallest one. Moreover, the arm span reliably predicts body height in both genders. However, the estimation
equations, which were obtained in Bosnian and Herzegovinians, are substantially different alike in other populations, since arm
span was close to body heights: in men 0.73x1.17 cm more than the body height and in women 1.97+1.45 centimeters less than the

body height. This confirms the necessity for developing separate height models for each population.

Key words: Prediction; Standing Height; Stature; Armspan; Bosnia and Herzegovina.

Introduction

The Republic of Bosnia and Herzegovina is an independent,
democratic state with a multiparty parliamentary system. The
governmental system is based on the division of power into le-
gislative, executive and judiciary and it has a bicameral legisla-
ture and a three-member Presidency composed of a member of
each major ethnic group (Bosniaks, Serbs and Croats). How-
ever, the central government's power is highly limited, as the
country is largely decentralized and comprises two autonomous
entities: the Federation of Bosnia and Herzegovina and Repu-
blic of Srpska, with a third region, the Brcko District, governed
under local government. This country is one of the successor
states of the former Yugoslavia, from which it declared inde-
pendence in 1992. Although it is one of the youngest modern
countries in the World, this is a region that traces permanent
human settlement back to the Neolithic age, during and after
which it was populated by several Illyrian and Celtic civilizati-
ons. Culturally, politically, and socially, the country has one of
the richest histories in the region, having been first settled by
the Slavic peoples that populate the area today from the 6th
through to the 9th centuries AD. From mid-15th to the late 19th
centuries, this area was under the Ottoman Empire that was fo-
llowed by annexation into the Austro-Hungarian Empire on
1908, which lasted up until the World War I. In the interwar pe-
riod, Bosnia and Herzegovina was a part of the Kingdom of
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Serbs, Croats and Slovenes (Kingdom of Yugoslavia from 1929
onward) and after World War II, the country was granted full
republic status in a newly formed Socialist Federal Republic of
Yugoslavia. Hence, it is not hard to conclude the area of this
country was under pressure of all strongest empires and repre-
sent the largest crossroads in the World.

Today, the Republic of Bosnia and Herzegovina covers the
area of 51,197 sq. kilometers (Central Intelligence Agency,
2014). It is located in Southeastern Europe, on the Balkan Pe-
ninsula and it is bordered by Croatia to the north, west and
south, Serbia to the east, and Montenegro to the southeast and it
is almost landlocked, except for the 20 kilometers of coastline
on the Adriatic Sea, around the town of Neum in the Herzego-
vina-Neretva Canton. Although the city is surrounded by Croa-
tian peninsulas, by the international law, Bosnia and Herzegovi-
na has a right of passage to the outer sea. In the central and
southern interior of the country, the geography is mountainous,
in the northwest, it is moderately hilly, and the northeast is pre-
dominantly flatland. The country's name comes from two regi-
ons: Bosnia and Herzegovina, which have an unclear defined
border between them. Bosnia occupies the northern areas,
which are roughly four-fifths of the entire country, while Her-
zegovina occupies the rest in the southern part of the country.
The country is mostly mountainous, encompassing the central
Dinaric Alps. The northeastern parts reach into the Pannonian
basin, while in the south it borders the Adriatic Sea. Dinaric

29



S. Popovi¢ et al.: Body Height and Arm Span in Bosnian and Herzegovinian Adults, Monten. J. Sports Sci. Med. 4 (2015) 1: 29-36

Alps generally run in east-west direction, and get higher to-
wards the south. Overall, close to 50% of Bosnia and Herzego-
vina is forested, while less than 1% is covered by water. Most
forest areas are in Central, Eastern and Western parts of Bosnia,
while Herzegovina has drier Mediterranean climate. Northern
Bosnia (Posavina) contains very fertile agricultural land along
the river Sava and the corresponding area is heavily farmed.
This farmland is a part of the Parapannonian Plain stretching
into neighboring Croatia and Serbia.

Bosnia and Herzegovina is home to three ethnic "constitu-
ent peoples": Bosniaks, Serbs and Croats. According to the
1991 census, Bosnia and Herzegovina had a population of
4,377,000 inhabitants (Institute for Statistics of Federation of
Bosnia and Herzegovina, 2014), while the 1996 UNHCR un-
official census showed a decrease to 3,920,000 inhabitants (In-
stitute of International Cooperation of the German Adult Edu-
cation Association, 2014). Large population migrations during
the Yugoslav wars in the 1990s have caused demographic shifts
in the country. No census has been taken during war time, and
political disagreements have made it impossible to organize one
later on. Nevertheless, a census has been planned for 2012., but
that date has been delayed until 2014. The total population of
the Republic of Bosnia and Herzegovina, according to the 2014
census, was 3,871,643 inhabitants (Central Intelligence Agen-
cy, 2014). Ethnically, according to data from 2014 cited by the
Central Intelligence Agency (2014), Bosniaks constitute 52.5
percent of the population, Serbs 33.5 percent, Croats 14 per-
cent, and others around 1 percent. According to the same re-
source, 40 percent of the population identifies religiously as
Muslims, 31 percent as Orthodox Christians, 15 percent as Ro-
man Catholics, and 14 percent other (mostly atheists, Jews, and
others). From the reason the ethnicity mostly corresponds to the
religious affiliations, the authors of this study assumed the
ethnical differences are based mostly on religious backgrounds
and it is not realistically based on biological facts.

The tallness of the nations in the Dinaric Alps has been
recognized by European anthropologists more than 100 years ago
(Pineau, Delamarche, & Bozinovi¢, 2005). As the modern Bosnian
and Herzegovinians, like the rest of the nations from Former Yu-
goslavia, fall more into the Dinaric racial classification than any
other, it is assumed by the authors of this study that Bosnian and
Herzegovinian adults might be equally tall or a bit taller than the
tallest nations in the Europe (Bjelica et al., 2012; Popovic, Bjelica,
Molnar, Jaksi¢, & Akpinar, 2013): Dutch (male: 183.8 centimeters;
female: 170.7 centimeters), Montenegrins (male: 183.21 centime-
ters; female: 168.37 centimeters) and Serbians (male: 182 centime-
ters; female: 166.8 centimeters). The authors of this study believed
Bosnian and Herzegovinian population might be the tallest in the
World, mostly due to the reason most of previous studies investiga-
ted all the nations that has been contained in Pineau and collabora-
tors” sample (Bjelica et al., 2012; Popovi¢ et al., 2013, Popovic,
Bjelica, Geogiev, HadZi¢ and Akpinar, in press), excluding the Bo-
snians and Herzegovinians. However, any of previously investiga-
ted nations didn’t reach the tallness that Pineu and his collaborators
confirmed. From this reason, the population from Bosnia and Her-
zegovina might be the key population that increased the average
body height of Dinaric Alps population measured by Pineu and his
collaborators (2005). However, unlike the most other countries
through Western Europe, Bosnia and Herzegovina keeps poor re-
cords and an update of average body heights among its populations
is beneficial as well as its estimation utilizing arm span measure-
ments, mostly due to the reason that measurement of body height is
important in many settings (Bjelica et al., 2012).

It is already well known in scientific literature that the mea-
surement of body height is important in many settings: it is an
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important measure of body size and gives an assessment of nutri-
tional status (cited in Datta Banik, 2011), as well as an important
measure of determination of basic energy requirements, standar-
dization of measures of physical capacity and adjusting drug do-
sage, and evaluation of children’s growth, prediction and standar-
dization of physiological variables such as lung volumes, muscle
strength, glomerular filtration and metabolic rate etc. (Golshan,
Amra & Hoghoghi, 2003; M. Golshan, Crapo, Amra, Jensen &
R. Golshan, 2007; Mohanty, Babu & Nair, 2001; Ter Goon, Tori-
ola, Musa & Akusu, 2011). However, the exact body height can-
not always be determined the usual way because of various de-
formities of the extremities or in patients who have undergone
amputations or similar injuries. In such circumstances, an estima-
te of body height has to be derived from other reliable anthropo-
metric indicators such as hand and foot lengths (A.K Agnihotri,
S. Agnihotri, Jeebun & Googoolye, 2008; A.K. Agnihotri, Pur-
war, Googoolybe, S. Agnihotri & Jeebun, 2007; Kanchan et al.,
2008; Rastogi, Nagesh & Yoganarasimha, 2008; Sanli et al.,
2005), knee height (Fatmah, 2005; Hickson & Frost, 2003; Kara-
dag, Ozturk, Sener & Altuntas, 2012), length of the forearm (Ila-
yperuma, Nanayakkara & Palahepitiya, 2010), length of the ster-
num (Menezes et al., 2009; Menezes et al., 2011), vertebral co-
lumn length (Nagesh & Pradeep, 2006), sitting height (Fatmah,
2005), length of scapula (Campobasso, Di-Vella & Introna,
1998), arm span (Aggrawal, Gupta, Ezekiel & Jindal, 2000; Bje-
lica et al., 2012; Datta Banik, 2011; Fatmah, 2005; Hickson &
Frost, 2003; Jalzem & Gledhill, 1993; Mohanty, et al., 2001; Ter
Goon et al., 2011) as well as cranial sutures (Rao et al., 2009),
skull (Bidmos, 2006; Bidmos & Asala, 2005), facial measure-
ments (Sahni et al., 2010) et cetera. Therefore, all these anthropo-
metric indicators which are used as an alternative to estimate bo-
dy height are very important in predicting age-related loss in bo-
dy height. Also in identifying individuals with disproportionate
growth abnormalities and skeletal dysplasia or body height loss
during surgical procedures on the spine (Mohanty et al., 2001), as
well as predicting body height in many older people as it is very
difficult to measure it precisely, and sometimes impossible beca-
use of mobility problems and kyphosis (Hickson & Frost, 2003).

According to all mentioned above, the authors believed it
would be reasonable to find the effectiveness of using various bo-
dy indicators in estimating body height in the Bosnian and Herze-
govinian population. Furthermore, several studies have reported
the effectiveness of using various body parameters in predicting
body height and arm span was found to be the most reliable one
(Hickson & Frost, 2003; Jalzem & Gledhill, 1993; Mohanty et
al., 2001; Ter Goon et al., 2011). However, the associations of
arm span and body height was found to vary in different ethnic
and racial groups (Bjelica et al., 2012; Brown, Feng & Knapp,
2002; Popovi¢ et al., 2013, Popovi¢ et al., in press; Reeves, Vara-
kamin & Henry, 1996; Steele & Chenier, 1990). Even though se-
veral studies of this nature are available on western populations,
very limited data is available on Bosnian and Herzegovinian sub-
jects. In the light of rather scarce recent scientific literature, the
purpose of this study was to examine the body height in both gen-
ders of Bosnian and Herzegovinian adults and the relationship
between arm span and body height.

Methods

The nature and scope of this study qualifies 212 students
(178 men and 34 women) from the University of Banjaluka to
be subjects. This group was chosen because the growth of an
individual ceases by this age and there is no age-related loss in
body height at this age. The authors have also believed this



S. Popovi¢ et al.: Body Height and Arm Span in Bosnian and Herzegovinian Adults, Monten. J. Sports Sci. Med. 4 (2015) 1: 29-36

sample might fairly represent the whole population of Bosnia
and Herzegovina as students were admitted into the University
of Banjaluka regardless of geographical residence and socio-
economic status, as well as ethnicity. The average age of the
male subject was 22.42+2.79 years old (range 19-32 yrs.), whi-
le the average age of the female subject was 21.56+2.06 years
old (range 19-26 yrs.). It is also important to emphasize that the
authors could not accept students with physical deformities that
could affect body height or arm span, and without informed
consent were excluded from the study. The exclusion criterion
was also being non-Bosnian and Herzegovinian (twelve partici-
pants, five male and seven female were excluded from the data
pool). Accordingly, the authors have purposely selected (deli-
berate sampling) the students from the Faculty of Sport and
Physical Education at University of Banjaluka as they believed
that most of them could be eligible to participate in the study,
as well as this is one of the highly ranked Faculty of Sport and
Physical Education in Bosnia and Herzegovina which brings to-
gether students from all parts of Bosnia and Herzegovina.

According to Marfell-Jones, Olds, Stew & Carter (2006), the
anthropometric measurements, including body height and arm span
were taken according to the protocol of the International Society
for the Advancement of Kinanthropometry (ISAK). The trained an-
thropometrist (the same one for each measure) whose quality of
performance was evaluated against prescribed “ISAK Manual” pri-
or to the study performed these measurements. The age of the indi-
viduals was determined directly from their reported date of birth.

The body height presents the perpendicular distance between
the top of the head (the vertex) and the bottom of the feet. It was
measured using stadiometer to the nearest 0.1 centimeters in bare
feet with the participants standing upright against a stadiometer.
The respondents had to put their feet together and move back
until their heels touched the bottom of the stadiometer upright.
Their buttocks and upper part of their back have also been
touching the stadiometer upright while their head did not have to
touch the stadiometer. The respondent’s head had to be in the
Frankfort horizontal plane. This was achieved when the lower
edge of the eye socket (the orbitale) is horizontal with the tragion.
The vertex was the highest point on their head, otherwise the
respondents had to raise or lower their chin until it was in the
Frankfort horizontal plane to align their head properly.

The arm span is the anthropometric measurement of the

length from the tip of the middle fingers of the left and right
hands when raised parallel to the ground at shoulder height at a
one-hundred eighty degree angle. It was measured using a cali-
brated steel tape to the nearest 0.1 centimeters in bare feet on a le-
vel concrete floor with their upper backs, buttocks and heels
against the wall, which provide support. The participant’s head
was also in the Frankfort horizontal plane and the arms were out-
stretched at right angles to the body with palms facing forwards.
The measurement were taken from one middle fingertip to the
other middle fingertip, with the tape passing in front of the
clavicles while two field workers supported the elbows. The mea-
surements were taken twice, and an average of the two readings
was calculated. When the two measurements agreed within 0.4
centimeters, their average was taken as the best estimate for the
true value. When the two initial measures did not satisfy the 0.4
centimeters criterion, two additional determinations were made
and the mean of the closest records was used as the best score.
The analysis was carried out using Statistical Package for
Social Sciences (SPSS) version 20.0. Means and standard devi-
ations (SD) were obtained for both anthropometric variables. A
comparison of means of body heights and arm spans within
each gender group and between genders was carried out using a
t-test. The relationships between body height and arm span we-
re determined using simple correlation coefficients and their
95% confidence interval. Then a linear regression analysis was
performed to examine the extent to which arm span can reliably
predict body height. Finally, these relationships were plotted as
scatter diagrams. Statistical significance was set at p<0.05.

Results

A summary of the anthropometric measurements in both
genders is shown in Table 1. The mean of the arm span for ma-
le subjects was 184.50+8.27 centimeters, which was 0.73+1.17
centimeters more than the body height and statistically insigni-
ficant (t=0.776, p=0.438), and for female subjects it was
169.85+8.01 centimeters, which was 1.97+1.45 centimeters less
than the body height and statistically insignificant (t=1.110,
p=0.271). The gender difference between body height and arm
span measurements was statistically significant (body height:
t=9.715; p<.000, and arm span: t=9.68; p<.000).

Table 1. Anthropometric Measurements of the Study Subjects

. Body Height Range Arm span Range
Subjects (yMeariSD) ¢ (MeiniSD)g
Male 164.2-206.3 165.4-211.1

(183.8747.11) (184.5048.27)
159.3-187.4 152.1-190.1
Female

(171.82+6.56)

(169.85+8.01)

The simple correlation coefficient and their 95% confidence
interval analysis between the anthropometric measurements are
presented in Table 2. The relationships between body height and

arm span was high and significant in the sample, regardless of
gender.

Table 2. Correlation between Body Height and Arm Span of the Study Subjects

Subjects Correlat.ion 95%_ confidence Significance
Coefficient interval p-value
Male 0.876 0.691-0.814 <0.000
Female 0.887 0.590-0.862 <0.000

The results of the linear regression analysis are shown in
Table 3. The first of all models were derived by including age

as a covariate. However, it was found that the contribution of
age was insignificant and therefore the age was dropped and
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estimates were derived as univariate analysis. The high values
of the regression coefficient signify that arm span significantly

predicts body height in both Serbian genders.

Table 3. Results of Linear Regression Analysis Where the Arm Span Predicts the Body Height

. Regression Standard Error o
Subjects Coofficient (SE) R-square (%) t-value p-value
Male 0.876 3.445 76.7 24.064 0.000
Female 0.887 3.072 78.7 10.877 0.000
The relationships between arm span measurements and  diagram.
body height among the above models is plotted as a scatter
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Figure 1. Scatter Diagram and Relationship between Arm Span Measurements and Body Height among Both Genders

Discusion

This study contributes to a very important update of avera-
ge body heights among Bosnian and Herzegovinian males and
females. The results proved that Bosnian and Herzegovinian
males are very tall with an average of 183.87 centimeters and it
is a little bit more comparing to the tallest nations in the Euro-
pe: 183.8 centimeters of the Dutch male population measured in
the last nationwide survey in 2010 (TNO, 2010), 183.74 centi-
meters of the Montenegrin male population measured in 2013
(Popovié, Bjelica & Hadzi¢, 2014) and 182 centimeters of the
Serbian male population measured in 2012 (Popovi¢ et al.,
2013). Consequently, the average height of Bosnian and Herze-
govinian men is also taller than 181.3 centimeters of the Lithua-
nians (Tutkuviene, 2005), 180.6 centimeters of the Icelanders
(Dagbjartsson, Thorndrsson, Palsson & Arnérsson, 2000),
180.5 centimeters of the Croats (Juresa, Musil & Tiljak, 2012),
180.4 centimeters of the Swedes (Werner & Bodin, 2006),
180.3 centimeters of the Slovenes (Starc & Strel, 2011), Danes
(Statistics Denmark, 2011) and Czechs (Vignerova, Brabec &
Bléaha, 2006) and 141.7 centimeters of the shortest ethnic group
in the whole World, Mbuti Pygmies (cited in Froment, 1993),
which made Bosnian and Herzegovinian males the tallest nation
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on the earth. On the other hand, the average body height of Bo-
snian and Herzegovinian females was 171.8 centimeters on
average and this result proved that Bosnian and Herzegovinian
females are much taller than the tallest nations that were measu-
red so far, such as the Netherlands with 170.7 centimeters
(TNO, 2010), Montenegrins with 169.5 centimeters (Popovi¢ et
al., 2014), Lithuanians with 167.5 centimeters (Tutkuviene,
2005), the Slovenes with 167.4 centimeters (Starc & Strel,
2011), the Icelanders and Czechs with 167.2 centimeters (Dag-
bjartsson et al., 2000; Vignerova at al. 2006), the Letts with
167.1 centimeters (Gerhards, 2005), and the Swedes with 167
centimeters (Werner & Bodin, 2006). However, there is a hypo-
thesis that both genders of Bosnian and Herzegovinians did not
reach their full genetic potential yet, since they have been influ-
enced by various environmental factors (wars, poor economic
situation, etc.) in the last few decades. Therefore, the authors
believe that these circumstances had a negative bearing on the
secular trend in Bosnia and Herzegovina as well as surrounding
countries such as Serbia, Montenegro and Macedonia (Bjelica
et al., 2012; Popovi¢ et al., 2013, Popovi¢ et al., in press;), whi-
le it is expected that the secular changes affecting height will go
up in the following two decades, comparing it to developed co-
untries where this trend has already completed.

For better viewing of the tallest nations around the World,
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the authors have prepared Table 4 to present an overview of the
top 10 tallest male populations on the earth, while the overview

of the data from the female population is sorted in Table 5 (the
most of them are data from the national surveys).

Table 4. Top 10 Tallest Male Nations on the Earth

# Country Avel? fi;]i()dy Source

1 Bosnia and Herzegovina 183.9 Current study
2 Netherland 183.8 TNO, 2010
3 Montenegro 183.7 Popovi¢ et al., 2014
4 Serbia 182.0 Popovi¢ et al., 2013
5 Lithuania 181.3 Tutkuviene, 2005
6 Iceland 180.6 Dagpbjartsson et al., 2000
7 Croatia 180.5 Juresa et al., 2012
8 Sweden 180.4 Werner & Bodin, 2006
9 Slovenia 180.3 Starc & Strel, 2011
10 Denmark 180.3 Statistics Denmark, 2011

Table 5. Top 10 Tallest Female Nations on the Earth

# Country Avelr; egi;liody Source

1 Bosnia and Herzegovina 171.8 Current study
2 Netherland 170.7 TNO, 2010
3 Montenegro 169.5 Popovi¢ et al., 2014
4 Lithuania 167.5 Tutkuviene, 2005
5 Slovenia 167.4 Starc & Strel, 2011
6 Iceland 167.2 Dagpbjartsson et al., 2000
7 Czech Republic 167.2 Vignerova et al., 2006
8 Latvia 167.1 Gerhards 2005
9 Sweden 167.0 Werner & Bodin, 2006
10 Serbia 166.8 Popovi¢ et al., 2013

It is also interesting to mention that the density of very tall
subjects appears to be characteristic of the Bosnian and Herze-
govinian males, since 20.2% measured 190 centimeters or more
in body height. If 20.2% in Bosnia and Herzegovina would be
compared to 28% in Dinaric Alps (Pineau et al., 2005), 20% in
the Netherlands (Pineau et al., 2005), 14% in Serbia (Popovi¢ et
al., 2012), 13% in Montenegro (Bjelica et al., 2012) and only
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1.5% in France (Pineau et al., 2005), it would imply that the
density of very tall subjects in Bosnian and Herzegovinian ma-
les appears, but not frequently like in the Dinaric Alps in gene-
ral that reached in Pineu and collaborator’s study. On the other
hand, the density of very tall subjects also appear to be chara-
cteristic of the Bosnian and Herzegovinian females, since mora
than 14% measured 180 centimeters or more in body height.

. Male
. Female

1 1 1
190 200 210

Figure 2. Density of Body Height among Both Genders

The estimation of body height using various anthropometric
measurements are quite the age-old investigations over the past

centuries and it has been attempted by many authors. As it is al-
ready mentioned, all of them estimated body height from vario-
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us anthropometric measurements, but it is important to empha-
size that the arm span has been derived the most reliable body
indicator for predicting body height of an individual (Mohanty
et al., 2001; Ter Goon et al., 2011). However, it must be under-
lined that the individual and ethnic variations in respect of body
height and its relation with arm span were already observed in
European (Reeves et al., 1996) and African populations (De
Lucia et al., 2002), while Mohanty et al. (2001) have stated that
the estimating equation varies from race to race, and ethnic
group to ethnic group. In Steele and Chenier’s study (1990), the
arm span was nearly 8.3 centimeters more than the body height
for black population (105.36% body height), whereas for white
population this difference was only 3.3 centimeters (102.04%
body height). Mohanty et al. (2001) have noted in their study
that the arm span was nearly 2.5 centimeters more than the bo-
dy height in South Indian females (101.4% body height), which
is similar to that noted in the white population. In Ter Goon et
al.’s study (2011), arm span was 5.8 centimeters more than bo-
dy height for Nigerian males (103.3% body height), whereas
for Nigerian females this difference was only 4 centimeters
(102.5% body height) which is similar to that noted in the white
population, although they are black. The most recent studies
conducted by Bjelica et al. (2012) that showed that arm span
was 2.5 centimeters more than body height for Montenegrin
males (101.4% body height), whereas for Montenegrin females
this difference was only 0.24 centimeters but in favor of body
height (99.9% body height) and Popovic at al. (2013) that
showed that arm span was 2.8 centimeters more than body
height for Serbian males (101.5% body height), whereas for
Serbians females this difference was only 0.15 centimeters but
in favor of body height (98.7% body height), while Quanjere et
al. (2014) have highlighted the body height estimated from the
predicted arm span/height ratio may differ by up to 10% from
actual stature. All mentioned have confirmed again the necessi-
ty for developing separate height models for each population on
account of ethnic differences. Therefore, the main goal of the
current study was to find out if these facts are true for the Bo-
snian and Herzegovinian population, since it is known that the
estimating equation varies from race to race, and ethnic group
to ethnic group (Mohanty et al., 2001). Hence, in the present
study it is observed that the arm span was 0.73 centimeters mo-
re than the body height in males (100.3% body height), while it
was 1.97 centimeters less than the body height in female popu-
lation (98.9% body height). The arm span/height ratio in Bosni-
an and Herzegovinian males is extremely low when compared
with other Europeans but it is quite close to the data that were
reached in the measurement of Montenegrin and Serbian popu-
lation (Bjelica et al., 2012; Popovi¢ et al., 2013), while the arm
span/height ratio in Bosnian and Herzegovinian females is co-
rresponding to Montenegrin and Serbian population as well as
other Europeans.
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The results of the above mentioned studies are also very si-
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r=0.876; women: 1=0.887). For example, Mohanty et al. (2001)
reported that the correlation was r=0.82, while in Hickson and
Frost’s study (2003) correlation was r=0.86, in Zverev’s study
(2003) correlation was r=0.87 for males and r=0.81 for the fe-
male population. In the most recent studies, Ter Goon et at.
(2011) reported that correlation was r=0.83, while Bjelica et al.
(2012) reported that the correlation was r=0.861 for males and
r=0.809 for female population and Popovi¢ et al. (2013) report-
ed that the correlation was r=0.814 for males and r=0.822 for
female population. As the correlation between arm span and
body height was so high and significant in both Bosnian and
Herzegovinian genders, the arm span measure therefore seems
to be a reliable indirect anthropometric measurement for esti-
mating body height in Bosnian and Herzegovinian adults.

Even though these relations are similar, the estimation
equations which are obtained in Bosnian and Herzegovinian po-
pulation, if the authors exclude Montenegrin and Serbian popu-
lation, are substantially different from other populations, espe-
cially in Bosnian and Herzegovinian female population. Altho-
ugh this confirms the necessity for developing separate height
models for each population on account of ethnic differences, it
must be emphasized that further researches has to use larger
samples for the prediction of body height utilizing arm span
measurement, mostly due to the reason this study as well as so-
me other studies that has been attempted in the past (Aggrawal
et al., 2000; Bjelica et al., 2012; Hickson & Frost, 2003; Kwok
& Whitelaw, 1991; Popovi¢ et al., 2013; Steele & Chenier,
1990; Ter Goon et al., 2011; Zverev 2003) used quite small
samples. A more precise estimation of the average body height
and its prediction utilizing arm span measurements in Bosnian
and Herzegovinian adults would require a large sample with su-
fficient geographical and social heterogeneity or a national sur-
vey that measures the whole population. Moreover, next to the
small sample, especially in female population (n=34), the obvi-
ous limitation of this research study was the composition of the
measured sample that consisted of university students. Since
university-educated persons, according to Bjelica et al. (2012)
have been taller than the general population in Poland (Kulaga
et al., 2011; Wronka & Pawlifiska-Chmara, 2009), and Hungary
(Bodzsar & Zsakai, 2008; Eiben & Toth, 2000; Sz6116si, 1998),
the authors cannot exclude the possibility that the body height
of the students somewhat overestimates the average body
height of contemporary Bosnian and Herzegovinians. On the
other hand, this fact wasn’t the case in Montenegro and might
not be the case in Bosnia in Herzegovina too, mostly due to the
reason the results from the study (sample that consisted of uni-
versity students) conducted by Bjelica et al. (2012) correspond
with the results reached in the national survey (Popovié, et al.,
2014).

Bidmos, M., & Asala, S. (2005). Calcaneal measurement in
estimation of stature of South African blacks. American
Journal of Physical Anthropology, 126(3), 335-342.

Bidmos, M. (2006). Adult stature reconstruction from the calca-
neus of South Africans of European descent. Journal of Cli-
nical Forensic Medicine, 13(5), 247-252.

Bjelica, D., Popovi¢, S., Kezunovié, M., Petkovié, J., Jurak, G.,
& Grasgruber, P. (2012). Body Height and Its Estimation
Utilizing Arm Span Measurements in Montenegrin Adults.
Anthropological Notebooks, 18(2), 69-83.



S. Popovi¢ et al.: Body Height and Arm Span in Bosnian and Herzegovinian Adults, Monten. J. Sports Sci. Med. 4 (2015) 1: 29-36

Brown, J.K., Feng, J.Y., & Knapp, T.R. (2002). Is self-reported
height or arm span a more accurate alternative measure of
height? Clinical Nursing Research, 11(4), 417-432.

Bodzsar, E., & Zsakai, A. (2008). Secular changes in the pa-
ttern of growth in Hungarian children (in Hungarian).
Anthropologiai Kézlemények, 49, 75-95.

Campobasso, C.P., Di-Vella, G., & Introna, F. (1998). Using
scapular measurements in regression formulae for the estima-
tion of stature. Bollettino della Societa Italiana di Biologia
Sperimentale, 74(7/8), 75-82.

Central Intelligence Agency. The World Factbook. Retrieved
on December 14, 2014, from https://www.cia.gov/library/
publications/the-world-factbook/rankorder/2119rank.html?
countryname=Bosnia%?20and%20Herzegovina&countrycode
=bk&regionCode=eur&rank=129#bk/.

Dagbjartsson, A., Thornoérsson, A.V., Palsson, G.I., & Arnor-
sson, V.H. (2000). Height and weight of Icelandic children 6-
20 years of age (In Icelandic). Laeknabladid, 86(7/8), 509-
514.

Datta Banik, S. (2011). Arm span as a proxy measure for height
and estimation of nutritional status: A study among Dhimals
of Darjeeling in West Bengal India. Annals of Human
Biology, 38(6), 728-735.

De Lucia, E., Lemma, F., Tesfaye, F., Demisse, T., & Ismail. S.
(2002). The use of armspan measurement to assess the
nutritional status of adults in four Ethiopian ethnic groups.
European Journal of Clinical Nutrition, 56(2), 91-95.

Eiben, O.G., & Toéth, G. (2000). Half-a-century of the "Kor-
mend Growth Study". Collegium Antropologicum, 24(2),
431-441.

Fatmah. (2010). Validation of predicted height model based on
arm span, knee height and sitting height in Indonesian elderly
people. Journal of Clinical Medicine and Research, 2(5), 67-
73.

Froment, A. (1993). Adaptation biologique et variation dans
l'espece humaine: le cas des Pygmées d'Afrique. Bulletins et
Mémoires de la Société d'anthropologie de Paris, 5(3/4),
417-448.

Gerhards, G. (2005). Secular variations in the body stature of
the inhabitants of Latvia (7th millennium BC — 20th c. AD).
Acta medica Lituanica, 12(1), 33-39.

Golshan, M., Amra, B., & Hoghogi, M.A. (2003). Is arm span
an accurate measure of height to predict pulmonary function
parameters? Monaldi Archives for Chest Disease, 59(3), 189-
192.

Golshan, M., Crapo, R.O., Amra, B., Jensen, R.I., & Golshan,
R. (2007). Arm span as an independent predictor of pulmo-
nary function parameters: validation and reference values.
Respirology, 12(3), 361-366.

Hickson, M., & Frost, G. A (2003). comparison of three me-
thods for estimating height in the acutely ill elderly populati-
on. Journal of Human Nutrition and Dietitian, 16(1), 13-20.

Ilayperuma, 1., Nanayakkara, G., & Palahepitiya, N. (2010). A
model for the estimation of personal stature from the length
of forearm. International Journal of Morphology, 28(4),
1081-1086.

Institute for Statistics of Federation of Bosnia and Herzegovina.
Population of Bosnia and Herzegovina according to censu-
ses 1879-1991 (in Bosnian). Retrieved on December 14,
2014, from http://www.fzs.ba/Dem/Popis/PopisiStanB.htm/.

Institute of International Cooperation of the German Adult Edu-
cation Association. National Report on the Development and
State of the Art of Adult Learning and Education (in Bosni-
an). Retrieved on December 14, 2014, from http://www.
unesco.org/fileadmin/MULTIMEDIA/INSTITUTES/UIL/co

nfintea/pdf/National_Reports/Europe%20-%20North%20
America/Bosnia%?20and%20Herzegovina.pdf/.

Jalzem, P.F., & Gledhill, R.B. (1993). Predicting height from
arm span measurements. Journal of Pediatric Orthopedics,
13(6), 761-765.

Juresa, V., Musil, V., & Tiljak, M.K. (2012). Growth charts for
Croatian school children and secular trends in past twenty
years. Collegium Antropologicum, 36(s1), 47-57.

Kanchan, T., Menezes, R.G., Moudgil, R., Kaur, R., Kotian,
M.S., & Garg, R.K. (2008). Stature estimation from foot di-
mensions. Forensic Science International, 179(2/3), 241el-5.

Karadag, B., Ozturk, A.O., Sener, N., & Altuntas, Y. (2012).
Use of knee height for the estimation of stature in elderly
Turkish people and their relationship with cardiometabolic
risk factors. Archives of Gerontology and Geriatrics, 54(1),
82-89.

Kutaga, Z., Litwin, M., Tkaczyk, M., Palczewska, 1., Zajaczko-
wska, M., Zwolinska, D., Krynicki, T., Wasilewska, A.,
Moczulska, A., Morawiec-Knysak, A., Barwicka, K., Grajda,
A., Gurzkowska, B., Napieralska, E., & Pan, H. (2011). Po-
lish 2010 growth references for school-aged children and
adolescents. European journal of pediatrics, 170(5), 599-
6009.

Kwok, T., & Whitelaw, M.N. (1991). The use of arm span in
nutritional assessment of the elderly. Journal of American
Geriatrics Society, 39(5), 492-496.

Marfell-Jones, M., Olds, T., Stew, A.D., & Carter, J.E.L.
(2006). International standards for anthropometric assess-
ment. Potchesfstroom: International Society for the Advance-
ment of Kinanthropometry.

Menezes, R.G., Kanchan, T., Kumar, G.P., Rao. P.P.J., Lobo,
S.W., Uysal, S., Krishan, K., Kalthur, S.G., Nagesh, K.R., &
Shettigar, S. (2009). Stature estimation from the length of the
sternum in South Indian males: A preliminary study. Journal
of Forensic and Legal Medicine, 16(8), 441-443.

Menezes, R.G., Nagesh, K.R., Monteiro, F.N.P., Kumar, G.P.,
Kanchan, T., Uysal, S., Rao, P.P.J., Rastogi, P., Lobo, SW.,
& Kalthur, S.G. (2011). Estimation of stature from the length
of the sternum in South Indian females. Journal of Forensic
and Legal Medicine, 18(6), 242-245.

Mohanty, S.P., Babu, S.S., & Nair, N.S. (2001). The use of arm
span as a predictor of height. A study of South Indian wo-
men. Journal of Orthopedics Surgery, 9(1), 19-23.

Nagesh, K.R., & Pradeep, K.G. (2006). Estimation of stature
from vertebral column length in South Indians. Legal Medi-
cine, 8(5), 269-272.

Pineau, J.C., Delamarche, P. & Bozinovi¢, S. (2005). Average
height of adolescents in the Dinaric Alps (in Fren-
ch). Comptes Rendus Biologies, 328(9), 841-846.

Popovi¢, S., Bjelica, D., Georgiev, G., HadzZi¢, R., & Akpinar,
S. (in press). Body Height and Its Estimation Utilizing Arm
Span Measurements in Macedonian Adults. International
Journal of Morphology.

Popovi¢, S., Bjelica, D., & Hadzi¢, R. (2014). Average body
height of adolescents in Montenegro. In Proceedings book of
the 13th International Sport Sciences Congress (462-463).
Konya: Selcuk University.

Popovi¢, S., Bjelica, D., Molnar, S., Jaksi¢, D., & Akpinar, S.
(2013). Body Height and Its Estimation Utilizing Arm Span
Measurements in Serbian Adults. International Journal of
Morphology, 31(1), 271-279.

Quanjer, P.H., Capderou, A., Mazocioglu, M.M., Aggarwal, A.,
Popovic, S., Datta Banik, S., Tayie, F.A.K., Golshan, M., Ip,
M.S.M., Zelter, M. (2014). All-age relationship between arm
span and height in different ethnic groups. European Respi-

35



S. Popovi¢ et al.: Body Height and Arm Span in Bosnian and Herzegovinian Adults, Monten. J. Sports Sci. Med. 4 (2015) 1: 29-36

ratory Journal, 44(4), 905-912.

Rao, P.P.J., Sowmya, J., Yoganarasimha, K., Menezes, R.G.,
Kanchan, T., & Aswinidutt, R. (2009). Estimation of stature
from cranial sutures in a South Indian male population. Infer-
national journal of legal medicine, 123(3), 271-276.

Rastogi, P., Nagesh, K.R., & Yoganarasimha, K. (2008). Esti-
mation of stature from hand dimensions of north and south
Indians. Legal Medicine, 10(4), 185-189.

Reeves, S.L., Varakamin, C., & Henry, C.J. (1996). The rela-
tionship between arm-span measurements and height with
special reference to gender and ethnicity. European Journal
of Clinical Nutrition, 50(6), 398-400.

Sahni, D., Sanjeev, Sharma, P., Harjeet, Kaur, G., & Aggarwal,
A. (2010). Estimation of stature from facial measurements in
northwest Indians. Legal Medicine, 12(1), 23-27.

Sanli, S.G., Kizilkanat, E.D., Boyan, N., Ozsahin, E.T., Bozkir,
M.G., Soames, R., Erol, H., & Oguz, O. (2005). Statu-
re estimation based on hand length and foot length.  Clinical
Anatomy, 18(8), 589-596.

Starc, G., & Strel, J. (2011). Is there a rationale for establishing
Slovenian body mass index references of school-aged child-
ren and adolescents? Anthropological Notebooks 17(3), 89-
100.

Statistics Denmark. Denmark’s Statistical Yearbook 2011,
2011. Retrieved on March 5, 2012, from http://www. www
.dst.dk/.

S. Popovi¢

Steele, M.F., & Chenier, T.C. (1990). Arm-span, height and age
in black and white women. Annals of Human Biology, 17(6),
533-541.

Szoll6si, E. (1998). Secular trend in Debrecen university stu-
dents (in Hungerian). Anthropologiai Kézlemények, 39, 43-
51.

Ter Goon, D., Toriola, A.T., Musa, D.I.,, & Akusu, S. (2011).
The relationship between arm span and stature in Nigerian
adults. Kinesiology, 43(1), 38-43.

TNO. Lifelong Healthy and Active - PDF growth charts, 2010.
Retrieved on June 2, 2010, from http:// www.tno.nl/.

Tutkuviene, J. (2005). Sex and gender differences in secular
trend of body size and frame indices of Lithuanians. Anthro-
pologischer anzeiger, 63(1), 29-44.

Vignerova, J., Brabec, M., & Blaha, P. (2006). Two centuries
of growth among Czech children and youth. Economics and
Human Biology, 4(2), 237-252.

Werner, B., & Bodin, L. (2006). Growth from birth to age 19
for children in Sweden born in 1981: descriptive values. Acta
Paediatrica, 95(5), 600-613.

Wronka, 1., & Pawlifiska-Chmara, R. (2009). Childhood envi-
ronment and adult height among Polish university students.
Collegium Antropologicum, 33(4), 1039-1045.

Zverev, Y.P. (2003). Relationship between arm span and stature
in Malawian adults. Annals of Human Biology, 30(6), 739-
743.

University of Montenegro, Faculty for Sport and Physical Education, Narodne omladine bb, 81400 Niksic, Montenegro

e-mail: stevop@ac.me

36



Monten. J. Sports Sci. Med. 4 (2015) 1

Guidelines for Authors

Revised September 2014
*** Please use the bookmark function to navigate within the guidelines. ***

When preparing the final version of the manuscripts, either NEW or REVISED authors should strictly follow the guide-
lines. Manuscripts departing substantially from the guidelines will be returned to the authors for revision or, rejected.

1. UNIFORM REQUIREMENTS
1.1. Overview

The Montenegrin Journal of Sports Science and Medicine (MISSM) reserves copyright of the materials published.

There is no charge for submissions and no page charge for accepted manuscripts. However, if the manuscript contains
graphics in color, note that printing in color is charged.

MIJSSM adopts a double-blind approach for peer reviewing in which the reviewer's name is always concealed from the
submitting authors as well as the author(s)'s name from the selected reviewers.

MIJSSM honors a six-weeks for an initial decision of manuscript submission.
Authors should submit the manuscripts as one Microsoft Word (.doc) file.

Manuscripts must be provided either in standard UK or US English. English standard should be consistent throughout
the manuscripts.

Format the manuscript in A4 paper size; margins are 1 inch or 2.5 cm all around.
Type the whole manuscript double-spaced, justified alignment.
Use Times New Roman font, size eleven (11) point.

Number (Arabic numerals) the pages consecutively (centering at the bottom of each page), beginning with the title page
as page 1 and ending with the Figure legend page.

Include line numbers (continuous) for the convenience of the reviewers.

Apart from chapter headings and sub-headings avoid any kind of formatting in the main text of the manuscripts.

1.2. Type & Length

MIJSSM publishes following types of papers:

Original scientific papers are the results of empirically- or theoretically-based scientific research, which employ
scientific methods, and which report experimental or observational aspects of sports science and medicine, such as all
clinical aspects of exercise, health, and sport; exercise physiology and biophysical investigation of sports performance;
sport biomechanics; sports nutrition; rehabilitation, physiotherapy; sports psychology; sport pedagogy, sport history,
sport philosophy, sport sociology, sport management; and all aspects of scientific support of the sports coaches from the
natural, social and humanistic side. Descriptive analyses or data inferences should include rigorous methodological
structure as well as sound theory. Your manuscript should include the following sections: Introduction, Methods,
Results, and Discussion.

37



Monten. J. Sports Sci. Med. 4 (2015) 1

[VIOpen Submissions MIndexed IPeer Reviewed

Original scientific papers should be:
e Up to 3000 words (excluding title, abstract, tables/figures, figure legends, Acknowledgements, Conflict of
Interest, and References);
e A structured abstract of less than 250 words;
e  Maximum number of references is 30;
e Maximum combined total of 6 Tables/Figures.

Review papers should provide concise in-depth reviews of both established and new areas, based on a critical
examination of the literature, analyzing the various approaches to a specific topic in all aspects of sports science and
medicine, such as all clinical aspects of exercise, health, and sport; exercise physiology and biophysical investigation of
sports performance; sport biomechanics; sports nutrition; rehabilitation, physiotherapy; sports psychology; sport
pedagogy, sport history, sport philosophy, sport sociology, sport management; and all aspects of scientific support of
the sports coaches from the natural, social and humanistic side.

MOpen Submissions MIndexed MPeer Reviewed

Review papers should be:
e Up to 6000 words (excluding title, abstract, tables/figures, figure legends, Acknowledgements, Conflict of
Interest, and References);
e A structured abstract of less than 250 words;
e  Maximum number of references is 100.

Editorials are written or commissioned by the editors, but suggestions for possible topics and authors are welcome. It
could be peer reviewed by two reviewers who may be external or by the Editorial Board.

[JOpen Submissions MIndexed IPeer Reviewed

Editorials should be:
e Up to 1000 words (excluding title, abstract, tables/figures, figure legends, Acknowledgements, Conflict of
Interest, and References);
e A structured abstract of less than 250 words;
e  Maximum number of references is 10.

Short reports of experimental work, new methods, or a preliminary report can be accepted as two page papers. Your
manuscript should include the following sections: Introduction, Methods, Results, and Discussion.

MOpen Submissions MIndexed VIPeer Reviewed

Short reports should be:
e Up to 1500 words (excluding title, abstract, tables/figures, figure legends, Acknowledgements, Conflict of
Interest, and References);
A structured abstract of less than 250 words;
Maximum number of references is 15.

Peer review - fair review provides authors who feel their paper has been unfairly rejected (at any journal) the
opportunity to share reviewer comments, explain their concerns, and have their paper reviewed for possible publication
in MJSSM.

IOpen Submissions MIndexed [(IPeer Reviewed

Peer review - fair review should be:
e Up to 1500 words (excluding title, abstract, tables/figures, figure legends, Acknowledgements, Conflict of
Interest, and References);
e A structured abstract of less than 250 words;
e  Maximum number of references is 15.

38



Monten. J. Sports Sci. Med. 4 (2015) 1

Invited papers and award papers include invited papers from authors with outstanding scientific credentials. Nomination
of invited authors is at the discretion of the MJSSM editorial board. MJSSM also publishes award papers selected by
the scientific committee of the International Scientific Conference on Transformation Processes in Sport.

[JOpen Submissions MIndexed [IPeer Reviewed

Invited papers and award papers should be:
e Up to 3000 words (excluding title, abstract, tables/figures, figure legends, Acknowledgements, Conflict of
Interest, and References);
e A structured abstract of less than 250 words;
e  Maximum number of references is 30;
e  Maximum combined total of 6 Tables/Figures.

1.3. Submission

MJSSM only accepts electronic submission to the e-mail of the Journal Office:

Submitted material includes:

e A manuscript prepared according to the Guidelines for the Authors;

e A signed form that states the study was not previously published, nor has been submitted simultaneously for
consideration of publication elsewhere, that states that all of the authors are in agreement with submission of
the manuscript to MJSSM, and that, for studies that use animal or human individuals, authors must include
information regarding their institution’s ethics committee, and which identifies the official approval number;

e A signed form that there is no conflict of interest.

Name the files according to the family name of the first author. Authors submitting revised versions of the manuscript
can use the identification number of their manuscript as provided by the Journal Office. See example:

v" FAMILY NAME-manuscript.doc — (main manuscript file)

v" FAMILY NAME-statement.PDF — (authorship statement)

v" FAMILY NAME-declaration.PDF — (declaration of potential conflict of interest)

v" FAMILY NAME-fig1.tiff — (Figure 1)

1.4. Peer Review Process

An original manuscript submitted for publication will be submitted to the review process as long as it fits the following
criteria:

e The study was not previously published, nor has been submitted simultaneously for consideration of
publication elsewhere;
All persons listed as authors approved its submission to MISSM;
Any person cited as a source of personal communication has approved the quote;
The opinions expressed by the authors are their exclusive responsibility;

The author signs a formal statement that the submitted manuscript complies with the directions and guidelines
of MJISSM.

The editors-in-chief and associate editors will make a preliminary analysis regarding the appropriateness, quality,
originality and written style/grammar of the submitted manuscript. The editors reserve the right to request additional
information, corrections, and guideline compliance before they submit the manuscript to the ad-hoc review process.

MJSSM uses ad-hoc reviewers, who volunteer to analyze the merit of the study. Typically, one or two expert reviewers
are consulted in a double-blind process. Authors are notified by e-mail when their submission has been accepted (or
rejected). Minor changes in the text may be made at the discretion of the editors-in-chief and/or associate editors.
Changes can include spelling and grammar in the chosen language, written style, journal citations, and reference
guidelines. The author is notified of changes via email. The final version is available to the author for his or her
approval before it is published.

39



Monten. J. Sports Sci. Med. 4 (2015) 1

1.5. Publisher Copyright Policies

Copyright of published articles are the property of MJISSM, and under no circumstance will the Journal transfer rights
of published work. Reproduction of portions of published articles in other publications, or for any other use, is subject
to written permission by the editors-in-chief. Reproductions of published work by MJSSM, under a maximum of 500
words, are allowed with proper citation references and quotations.

Authors partially reproducing others’ published work-whether by a different author or his or her own-exceeding 500
words, or that includes tables, figures, and other illustrations, must have written permission from the author and/or
journal holding copyrights of such work. We strongly discourage authors who include multiple reproductions of
published work in order to avoid perceptions of plagiarism or self-plagiarism by reviewers and the editorial board.

Upon acceptance of an article, authors will be asked to complete a “Journal Publishing Agreement”. Acceptance of the
agreement will ensure the widest possible dissemination of information. An email will be sent to the corresponding
author confirming receipt of the manuscript together with a “Journal Publishing Agreement” form or a link to the online
version of this agreement.

The editors of MJSSM consider plagiarism and self-plagiarism to be a serious breach of academic ethics. Any author
who practices plagiarism and/or self-plagiarism (in part or totality) will be suspended for six years from submitting new
submissions to MJSSM. If such a manuscript is approved and published, public exposure of the article with a printed
mark (“plagiarized” or "retracted") on each page of the published file, as well as suspension for future publication for at
least six years, or a period determined by the editorial board. Third party plagiarized authors or institutions will be
notified, informing them about the faulty authors. Plagiarism and self-plagiarism will result in immediate rejection of
the manuscript.

MJSSM only publishes studies that have been approved by an institutional ethics committee (when a study involves
humans or animals). Fail to provide such information prevent its publication. To ensure these requirements, it is
essential that submission documentation is complete. If you have not completed this step yet, go to MISSM website and
fill out the two required documents: Declaration of Potential Conflict of Interest and Authorship Statement. Whether or
not your study uses humans or animals, these documents must be completed and signed by all authors and attached as
supplementary files in the originally submitted manuscript.

I Authors can archive pre-print (i.e., pre-refereeing)
M Authors can archive post-print (i.e., final draft post-refereeing)

M Authors can archive publisher's version/PDF

1.6. After Acceptance

After the manuscript has been accepted, authors will receive a PDF version of the manuscripts for authorization, as it
should look in printed version of MJSSM. Authors should carefully check for omissions. Reporting errors after this
point will not be possible and the Editorial Board will not be eligible for them.

Should there be any errors, authors should report them to the Office e-mail address office@mjssm.me. If there are not
any errors authors should also write a short e-mail stating that they agree with the received version.

1.7. Code of Conduct Ethics Committee of Publications

MIJSSM is hosting the Code of Conduct Ethics Committee of Publications of the
COPE (the Committee on Publication Ethics), which provides a forum for
publishers and Editors of scientific journals to discuss issues relating to the
integrity of the work submitted to or published in their journals.

Clﬂl P EI EEMMITTED BN FERLICATION KTHIES
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2. MANUSCRIPT STRUCTURE

2.1. Title Page

The first page of the manuscripts should be the title page, containing: title, type of publication, running head, authors,
affiliations, corresponding author, and manuscript information. See example:

Transfer of Learning on a Spatial Memory Task between the Blind and Sighted People Spatial Memory among Blind
and Sighted

Original Scientific Paper
Transfer of learning on a spatial memory task
Selcuk Akpinar', Stevo Popovié'?, Sadettin Kirazci'

'Middle East Technical University, Physical Education and Sports Department, Ankara, Turkey
University of Montenegro, Faculty for Sport and Physical Education, Niksic, Montenegro

Corresponding author:
S. Popovic
University of Montenegro
Faculty for Sport and Physical Education
Narodne omladine bb, 84000 Niksic, Montenegro
E-mail:
Word count: 2,980
Abstract word count: 236
Number of Tables: 3
Number of Figures: 3
2.1.1. Title
Title should be short and informative and the recommended length is no more than 20 words. The title should be in
Title Case, written in uppercase and lowercase letters (initial uppercase for all words except articles, conjunctions, short
prepositions no longer than four letters etc.) so that first letters of the words in the title are capitalized. Exceptions are
words like: “and”, “or”, “between” etc. The word following a colon (:) or a hyphen (-) in the title is always capitalized.
2.1.2. Type of publication
Authors should suggest the type of their submission.
2.1.3. Running head
Short running title should not exceed 50 characters including spaces.

2.1.4. Authors

The form of an author's name is first name, middle initial(s), and last name. In one line list all authors with full names
separated by a comma (and space). Avoid any abbreviations of academic or professional titles. If authors belong to
different institutions, following a family name of the author there should be a number in superscript designating
affiliation.
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2.1.5. Affiliations

Affiliation consists of the name of an institution, department, city, country/territory(in this order) to which the author(s)
belong and to which the presented / submitted work should be attributed. List all affiliations (each in a separate line) in
the order corresponding to the list of authors. Affiliations must be written in English, so carefully check the official
English translation of the names of institutions and departments.

Only if there is more than one affiliation, should a number be given to each affiliation in order of appearance. This
number should be written in superscript at the beginning of the line, separated from corresponding affiliation with a

space. This number should also be put after corresponding name of the author, in superscript with no space in between.

If an author belongs to more than one institution, all corresponding superscript digits, separated with a comma with no
space in between, should be present behind the family name of this author.

In case all authors belong to the same institution affiliation numbering is not needed.

Whenever possible expand your authors' affiliations with departments, or some other, specific and lower levels of
organization.

2.1.6. Corresponding author

Corresponding author's name with full postal address in English and e-mail address should appear, after the affiliations.
It is preferred that submitted address is institutional and not private. Corresponding author's name should include only
initials of the first and middle names separated by a full stop (and a space) and the last name. Postal address should be
written in the following line in sentence case. Parts of the address should be separated by a comma instead of a line
break. E-mail (if possible) should be placed in the line following the postal address. Author should clearly state whether
or not the e-mail should be published.

2.1.7. Manuscript information

All authors are required to provide word count (excluding title page, abstract, tables/figures, figure legends,

Acknowledgements, Conflict of Interest, and References), the Abstract word count, the number of Tables, and the
number of Figures.

2.2. Abstract

The second page of the manuscripts should be the abstract and key words. It should be placed on second page of the
manuscripts after the standard title written in upper and lower case letters, bold.

Since abstract is independent part of your paper, all abbreviations used in the abstract should also be explained in it. If
an abbreviation is used, the term should always be first written in full with the abbreviation in parentheses immediately

after it. Abstract should not have any special headings (e.g., Aim, Results...).

Authors should provide up to six key words that capture the main topics of the article. Terms from the Medical Subject
Headings (MeSH) list of Index Medicus are recommended to be used.

Key words should be placed on the second page of the manuscript right below the abstract, written in italic. Separate
each key word by a comma (and a space). Do not put a full stop after the last key word. See example:

Abstract
Results of the analysis of...

Key words: spatial memory, blind, transfer of learning, feedback
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2.3. Main Chapters

Starting from the third page of the manuscripts, it should be the main chapters. Depending on the type of publication
main manuscript chapters may vary. The general outline is: Introduction, Methods, Results, Discussion,
Acknowledgements (optional), Conflict of Interest (optional), and Title and Abstract in Montenegrin (only for the
authors from former Yugoslavia, excluding Macedonians and Slovenes). However, this scheme may not be suitable for
reviews or publications from some areas and authors should then adjust their chapters accordingly but use the general
outline as much as possible.

2.3.1. Headings

Main chapter headings: written in bold and in Title Case. See example:
v' Methods

Sub-headings: written in italic and in normal sentence case. Do not put a full stop or any other sign at the end of the
title. Do not create more than one level of sub-heading. See example:
v’ Table position of the research football team

2.3.2 Ethics

When reporting experiments on human subjects, there must be a declaration of Ethics compliance. Inclusion of a
statement such as follow in Methods section will be understood by the Editor as authors' affirmation of compliance:
“This study was approved in advance by [name of committee and/or its institutional sponsor]. Each participant
voluntarily provided written informed consent before participating.” Authors that fail to submit an Ethics statement will
be asked to resubmit the manuscripts, which may delay publication.

2.3.3 Statistics reporting

MIJSSM encourages authors to report precise p-values. When possible, quantify findings and present them with
appropriate indicators of measurement error or uncertainty (such as confidence intervals). Use normal text (i.e., non-

[T 1)

capitalized, non-italic) for statistical term “p”.

2.3.4. ‘Acknowledgements’ and ‘Conflict of Interest’ (optional)

All contributors who do not meet the criteria for authorship should be listed in the ‘Acknowledgements’ section. If
applicable, in ‘Conflict of Interest’ section, authors must clearly disclose any grants, financial or material supports, or

any sort of technical assistances from an institution, organization, group or an individual that might be perceived as
leading to a conflict of interest.

2.4. References

References should be placed on a new page after the standard title written in upper and lower case letters, bold.

All information needed for each type of must be present as specified in guidelines. Authors are solely responsible for
accuracy of each reference. Use authoritative source for information such as Web of Science, Medline, or PubMed to
check the validity of citations.

2.4.1. References style
MIJSSM adheres to the American Psychological Association 6th Edition reference style. Check “American
Psychological Association. (2009). Concise rules of APA style. American Psychological Association.” to ensure the

manuscripts conform to this reference style. Authors using EndNote® to organize the references must convert the
citations and bibliography to plain text before submission.
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2.4.2. Examples for Reference citations

One work by one author
v In one study (Reilly, 1997), soccer players...
v’ In the study by Reilly (1997), soccer players...
v' In 1997, Reilly’s study of soccer players...

Works by two authors
v Duffield and Marino (2007) studied...
v In one study (Duffield & Marino, 2007), soccer players...
v In 2007, Duffield and Marino’s study of soccer players...

Works by three to five authors: cite all the author names the first time the reference occurs and then subsequently
include only the first author followed by et al.

v' First citation: Bangsbo, laia, and Krustrup (2008) stated that...

v’ Subséquent citation: Bangsbo et al. (2008) stated that...

Works by six or more authors: cite only the name of the first author followed by et al. and the year
v Kurustrup et al. (2003) studied...
v In one study (Krustrup et al., 2003), soccer players. ..

Two or more works in the same parenthetical citation: Citation of two or more works in the same parentheses should be
listed in the order they appear in the reference list (i.e., alphabetically, then chronologically)
v’ Several studies (Bangsbo et al., 2008; Duffield & Marino, 2007; Reilly, 1997) suggest that...

2.4.3. Examples for Reference list

Journal article (print):

Bangsbo, J., laia, F. M., & Krustrup, P. (2008). The Yo-Yo intermittent recovery test: a useful tool for evaluation of
physical performance in intermittent sports. Sports Medicine, 38(1), 37-51.

Duffield, R., & Marino, F. E. (2007). Effects of pre-cooling procedures on intermittent-sprint exercise performance in
warm conditions. European Journal of Applied Physiology, 100(6), 727-735.

Krustrup, P., Mohr, M., Amstrup, T., Rysgaard, T., Johansen, J., Steensberg, A., . . . Bangsbo, J. (2003). The yo-yo
intermittent recovery test: physiological response, reliability, and validity. Medicine and Science in Sports and
Exercise, 35(4), 697-705.

Journal article (online; electronic version of print source):
Shaw, A. (1999). The planning and development of New Bombay [Electronic version]. Modern Asian Studies, 33(4),
951-988.

Journal article (online; electronic only):
Chantavanich, S. (2003, October). Recent research on human trafficking. Kyoto Review of Southeast Asia, 4. Retrieved
November 15, 2005, from http://kyotoreview.cseas.kyoto-u.ac.jp/issue/issue3/index.html

Conference paper:

Pasadilla, G. O., & Milo, M. (2005, June 27). Effect of liberalization on banking competition. Paper presented at the
conference on Policies to Strengthen Productivity in the Philippines, Manila, Philippines. Retrieved August 23,
2006, from http://siteresources.worldbank.org/INTPHILIPPINES/Resources/Pasadilla.pdf

Encyclopedia entry (print, with author):
Pittau, J. (1983). Meiji constitution. In Kodansha encyclopedia of Japan (Vol. 2, pp. 1-3). Tokyo: Kodansha.

Encyclopedia entry (online, no author):
Ethnology. (2005, July). In The Columbia encyclopedia (6th ed.). New York: Columbia University Press. Retrieved
November 21, 2005, from http://www.bartleby.com/65/et/ethnolog.html

Thesis and dissertation:
Pyun, D. Y. (20006). The proposed model of attitude toward advertising through sport. Unpublished Doctoral
Dissertation. Tallahassee, FL: The Florida State University.
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Book:
Borg, G. (1998). Borg's perceived exertion and pain scales: Human kinetics.

Chapter of a book:

Kellmann, M. (2012). Chapter 31-Overtraining and recovery: Chapter taken from Routledge Handbook of Applied
Sport Psychology ISBN: 978-0-203-85104-3 Routledge Online Studies on the Olympic and Paralympic Games
(Vol. 1, pp. 292-302).

Reference to an internet source:
Agency. (2007). Water for Health: Hydration Best Practice Toolkit for Hospitals and Healthcare. Retrieved 10/29,
2013, from www.rcn.org.uk/newsevents/hydration

2.5. Tables

All tables should be included in the main manuscript file, each on a separate page right after the Reference section.
Tables should be presented as standard MS Word tables.
Number (Arabic) tables consecutively in the order of their first citation in the text.

Tables and table headings should be completely intelligible without reference to the text. Give each column a short or
abbreviated heading. Authors should place explanatory matter in footnotes, not in the heading. All abbreviations
appearing in a table and not considered standard must be explained in a footnote of that table. Avoid any shading or
coloring in your tables and be sure that each table is cited in the text.

If you use data from another published or unpublished source, it is the authors’ responsibility to obtain permission and
acknowledge them fully.

2.5.1. Table heading

Table heading should be written above the table, in Title Case, and without a full stop at the end of the heading. Do not
use suffix letters (e.g., Table 1a, 1b, 1c); instead, combine the related tables. See example:
v Table 1. Repeated Sprint Time Following Ingestion of Carbohydrate-Electrolyte Beverage

2.5.2. Table sub-heading

All text appearing in tables should be written beginning only with first letter of the first word in all capitals, i.e., all
words for variable names, column headings etc. in tables should start with the first letter in all capitals. Avoid any
formatting (e.g., bold, italic, underline) in tables.

2.5.3. Table footnotes
Table footnotes should be written below the table.

General notes explain, qualify or provide information about the table as a whole. Put explanations of abbreviations,
symbols, etc. here. General notes are designated by the word Note (italicized) followed by a period.
v Note. CI: confidence interval; Con: control group; CE: carbohydrate-electrolyte group.

Specific notes explain, qualify or provide information about a particular column, row, or individual entry. To indicate
specific notes, use superscript lowercase letters (e.g. * ™ ©), and order the superscripts from left to right, top to bottom.
Each table’s first footnote must be the superscript *.

v' ?One participant was diagnosed with heat illness and n = 19.°n =20.

Probability notes provide the reader with the results of the texts for statistical significance. Probability notes must be

indicated with consecutive use of the following symbols: * 1 § § 9 || etc.
V' *P<0.05,p<0.01.
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2.5.4. Table citation

In the text, tables should be cited as full words. See example:
v’ Table 1 (first letter in all capitals and no full stop)
v/ ...as shown in Tables 1 and 3. (citing more tables at once)
v’ ..result has shown (Tables 1-3) that... (citing more tables at once)
v ...in our results (Tables 1, 2 and 5)... (citing more tables at once)

2.6. Figures

On the last separate page of the main manuscript file, authors should place the legends of all the figures submitted
separately.

All graphic materials should be of sufficient quality for print with a minimum resolution of 600 dpi. MJISSM prefers
TIFF, EPS and PNG formats.

If a figure has been published previously, acknowledge the original source and submit a written permission from the
copyright holder to reproduce the material. Permission is required irrespective of authorship or publisher except for
documents in the public domain. If photographs of people are used, either the subjects must not be identifiable or their
pictures must be accompanied by written permission to use the photograph whenever possible permission for
publication should be obtained.

Figures and figure legends should be completely intelligible without reference to the text.
The price of printing in color is 50 EUR per page as printed in an issue of MJSSM.
2.6.1. Figure legends
Figures should not contain footnotes. All information, including explanations of abbreviations must be present in figure
legends. Figure legends should be written bellow the figure, in sentence case. See example:
v Figure 1. Changes in accuracy of instep football kick measured before and after fatigued. SR — resting state,
SF — state of fatigue, *p>0.01, Tp>0.05.

2.6.2. Figure citation

All graphic materials should be referred to as Figures in the text. Figures are cited in the text as full words. See
example:

v’ Figure 1

X figure 1

X Figure |

v’ ....exhibit greater variance than the year before (Figure 2). Therefore...
v’ ....as shown in Figures 1 and 3. (citing more figures at once)

v’ ...result has shown (Figures 1-3) that... (citing more figures at once)

v’ ....in our results (Figures 1, 2 and 5)... (citing more figures at once)

2.6.3. Sub-figures

If there is a figure divided in several sub-figures, each sub-figure should be marked with a small letter, starting with a,
b, ¢ etc. The letter should be marked for each subfigure in a logical and consistent way. See example:

v Figure la

v/ ...in Figures la and b we can...

v’ ...data represent (Figures 1a-d)...
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2.7. Scientific Terminology

All units of measures should conform to the International System of Units (SI).

Measurements of length, height, weight, and volume should be reported in metric units (meter, kilogram, or liter) or
their decimal multiples.

Decimal places in English language are separated with a full stop and not with a comma. Thousands are separated with
a comma.

All other units of

Percentage Degrees Ratios Decimal numbers
measure

v 10% voo10° v 10kg voo12:2 v 0.056

X 10% X 10° X 10kg X 12:2 X .056

Signs should be placed immediately preceding the relevant number.

v 45434 v p<0.01 v males >30 years of age

X 45+34 X p<0.01 X males > 30 years of age

2.8. Latin Names

Latin names of species, families etc. should be written in italics (even in titles). If you mention Latin names in your
abstract they should be written in non-italic since the rest of the text in abstract is in italic. The first time the name of a
species appears in the text both genus and species must be present; later on in the text it is possible to use genus
abbreviations. See example:

v' First time appearing: musculus biceps brachii
Abbreviated: m. biceps brachii
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