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ABSTRACT
Introduction: The purpose of this study was to assess and compare motor abilities in young and adult
male South African Taekwondo athletes. To date, knowledge of the motor ability demands of this combat
sport is in its infancy. Methodology: Participants were profiled as junior (n = 25, 15.5 ± 2.6 years, 163.0
± 13.4 cm, 53.3 ± 10.7kg) and senior (n = 20, 23.5±2.5 years, 166.8 ± 7.9cm, 68.6±7.9kg) males from a
local Taekwondo (WTF) club in South Africa. Flexibility (sit-and reach), abdominal strength and endurance (60-second sit-ups and 2 minutes push ups), explosive leg power (vertical jump), agility (T-test),
aerobic power (20 m bleep test) converted to maximum oxygen uptake (VO2max) were measured. Data
were analysed with t-test for independent samples and Z-score individual radar plot statistics for each
athlete. Results: There was no significant difference in agility between juniors (10.9 ±0.4s) and seniors
(12.6 ± 1.2s) (p>0.05). The seniors showed significant (p<0.05) higher values in sit ups (53.1 ± 6.1 vs
48.9 ±13.8), push-ups (76.6 ± 17.1 vs 25.6 ±10.6), sit & reach (54.6 ±5.8 vs 40.1± 7.5 repetitions), horizontal jump (2.6 ± 1.1 vs 1.9 ±0.3), and VO2max (52.5 ± 2.8 vs 42.2 ±6.6) than in juniors. More extensive
research is required before extending existing knowledge from this study in order to permit specialized
conditioning with junior athletes leading to improved motor ability at an early stage of Taekwondo
training, resulting into better combat performances. Conclusions: The results showed that the performance of senior male Taekwondo athletes is higher than the juniors’.
Key words: Taekwondo athletes, motor ability, VO2max, Kyorugi, Z-score radar plot

INTRODUCTION
Taekwondo (TKD) was officially accepted
as an Olympic combat sport at the Sydney
Olympics in 2000 (Lin et al., 2006). TKD
has technically advanced into one of the frequently practiced martial arts worldwide with
about 70 million participants in 180 countries
(Fong & Ng, 2011). TKD is a dynamic form
of unarmed self-defence that incorporates a
variety of techniques for the purpose of attack,
and can be distinguished from other martial
arts by its focus on kicking techniques that are
performed at a high speed (Bridge et al., 2014;
Hammami et al., 2013).
TKD is characterized by three main areas in competition: sparring (free fighting),
Journal of Applied Sports Sciences
2017, Vol.2, pp. 3-9
ISSN 2534-9597 (Print), ISSN 2535-0145 (Online)

poomsae (forms), destructions (breaking of
wood and tiles) which require complex motor
and functional skills, tactical excellence and
a high level of fitness to excel (Cular et al.,
2013; Melhim, 2001). International TKD athletes are categorised in different weight divisions for both male and female athletes to participate in poomsae and sparring. Poomsae is a
structural form of group competition in which
the participant simultaneously uses both hands
and feet to display various techniques (Haddad
et al., 2014). In Kyorugi, combat matches are
typically performed in three rounds of 2 minutes with 1-minute rest period (World Taekwondo Federation, 2015). Points are awarded
when kicks and punches make contact on the
3
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allowed body area. A winner is determined by
scoring more points or by a knockout.
There is an insufficient amount of scientific
information on anthropometric and energy demand (Kazemi et al., 2009; Ball 2011), physiological profile (Kazemi et al., 2009), mental
development skills (Chiodo et al., 2011; Pieter
& Heijmans, 2000) with high technical and
tactical proficiency (Bridge et al., 2011; Kazemi et al., 2009) of TKD sport. Additionally,
there is lack of information regarding age and
development in Taekwondo making it challenging to determine the impact of differences
in physical profile between junior male and female TKD athletes (Mathunjwa et al., 2015).
More so, research among Senior South African Taekwondo athletes during both International Taekwondo Federation (ITF) and World
Taekwondo Federation (WTF) competitions
is scarce. Therefore, the purpose of this study
was to assess and compare motor abilities in
both senior and junior male Taekwondo athletes.

(60-second sit-ups and 2-minute push ups
test), explosive leg power (vertical jump test),
agility (t-test), aerobic power (20 m bleep
test) converted to maximum oxygen uptake
(VO2max).
Anthropometric measurements
Body mass of the individuals was measured in kilogram (kg) using a digital scale
(Kubota KA – 10 – 150V, Japan). Stature was
measured using a stadiometer (La Fayette Instrument Co. USA) and body mass index was
calculated as weight divided by height squared
(kg/m2) (Ross & Marfell-Jones, 1991).
Physical tests and physiological
performance measurements
The details of these measurements were
presented in a previous paper (Mathunjwa et
al., 2015). Flexibility (cm) was measured in
centimetres by the modified sit-and-reach test
using the Lafayette sit and reach box (Model
01285A, La Fayette, USA). The T-test (sec)
was used to determine the agility of body
trunk without loss of balance including forward, lateral and backward running (Raven
et al., 1976; Getchell, 1985). Leg power was
measured by standing broad jump (cm) (Johnson & Nelson, 1986). A tape measure was
used (Stanley Power Locks, Tokyo, Japan) to
measure the distance after jumping forward on
a floor surface. The 20 min multi stage fitness
test (MSFT) was used to measure endurance
capacity. This test measured continuous running between two lines 20 meters apart in time
to recorded beeps (Gabbett et al., 2009). Muscular strength and endurance were assessed by
the one-minute sit-ups and two-minute pushup test (repetitions) respectively (Sparling,
1997).

METHODOLOGY
Participants in this study were junior (n
= 25) and senior (n = 20) males from a local
Taekwondo (WTF) club in South Africa who
freely volunteered to participate in this study.
Following an explanation of all procedures,
risks and benefits, each participant expressly
gave their informed consent to participate in
the study. The participants were involved in
Taekwondo training and were members of the
South African Taekwondo Federation. Ethical
clearance for the study was obtained from the
University of Zululand. Data were analysed
using t-test for independent samples and Zscore individual radar plots statistics for each
athlete.

Procedure
Statistical analysis
The following tests were administered:
Data were analysed using mean and standmeasurements such as flexibility (sit-and- ard deviations. The t-test was computed to dereach test), abdominal strength and endurance termine if differences exist between senior and
4
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RESULTS
The descriptive statistics of the performance variables in both senior and junior
South African Taekwondo athletes are displayed in Table 1. Senior Taekwondo athletes
tend to have higher body mass and stature than
juniors. No significant difference was noted in
BMI and sit-ups. Statistically, significantly
higher difference (p<0.001) in push-ups, horizontal jumps, sit & reach and VO2max (p<0.05)
was found in senior athletes when compared
to junior athletes.

junior athletes. Significance was set at p<0.05.
Due to the relatively small sample size, the
statistical power of the study was calculated
using two statistical power calculators: Alpha
error level criterion set at 0.05 or 5% confidence level and Beta criterion set at 0.80 or
80% confidence level (Zodplay, 2004). The Zcriterion statistics (Marronna et al., 2006) was
applied for preparing computerized individual
performance Z-score radar plots (Mathunjwa
et al., 2015), which were then used for comparison.

Table 1. Physical characteristics between South African Senior
vs Junior Taekwondo athletes (mean±SD).
Parameters

)Senior (n=20

)Junior (n=25

∆

∆%

)Age (years

23.5±2.5

15.5±2.6

0.3

34.0

)Weight (kg

68.6±9.0

53.8±10.7

0.2

21.6

)Height (cm

*7.9 ± 166.8

13.4 ± 163.0

0.2

2.3

)BMI (kg/m2

22.9±2.3

20.9±1.3

0.1

8.7

)Sit & Reach (cm

*54.2±5.8

40.1±7.9

0.3

26.0

Sit ups 60 s

53.1±6.1

48.9±13.8

0.1

7.9

Push-ups 2mins

**76.8±17.4

25.6±10.5

0.6

66.7

)Horizontal Jump (m

*2.3±0.3

1.2±0.1

0.5

47.8

)VO2max (ml/kg/min

*52.5±2.8

42.2±6.8

0.2

19.6

**p<0.001, *p<0.05, ∆: change, % percentage, cm: centimeters, kg: kilograms

Z-criterion statistics was used to design
Z-score radar plots based on the following
physical characteristics (Sit-and- reach, situps, push-ups, horizontal jump, T-test, aerobic
power) that are key performance indices in

Taekwondo. The results of individual Z-score
radar plots (in %) of a senior TKD athlete approximately the same weight category with a
junior TKD athlete is presented in Table 2 and
figure 1 and 2.

5
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Table: 2. Individual Z-score (in %) of senior and junior TKD athletes
Z-score
NM Senior
MZ Junior

Sit & Reach
(cm)
51
42

Sit ups
60 s
49
47

Push-ups
2mins
68
28

Figure 1: Z-score individual radar plots (in
%) of senior athlete NM

Horizontal
Jump (m)
2.2
1.1

VO2max (ml/kg/
min)
52.1
42

Figure 2: Z-score individual radar plots (in
%) of junior athlete MZ

Analysis of individual Z-score
Athlete NM (Figure 1) displayed a higher level of push ups and good flexibility. His
kicking execution will be strong when attacking an opponent. Due to high flexibility, the
athlete will be able to reach the targeted area
during a fight. Athlete MZ, being a junior,
has an advantage due to his better VO2max. He,
therefore, needs to avoid effective kicks from
an opponent by always counter attacking, so
that he can endure longer during fights since
his muscular endurance is poor.

five main components of motor ability (flexibility, endurance, strength, power and cardiorespiratory fitness) (Ruiz et al., 2006) were
assessed in senior and junior TKD athletes.
Stature, weight and body mass index (BMI)
were also measured at the same time points.
TKD athletes regularly reduce their body
mass to compete in selected weight categories
and to optimize their power during combat
(Tsai et al., 2011). The body mass recorded in
this study correlates with data values reported in previous studies and have been recommended to facilitate performance and maintain
good health (Bridge et al., 2014; Rodriguez et
al., 2009).
The study also confirms that flexibility
plays an important role in TKD and gives athletes an advantage in performing high kicks.
As reported by Chan and colleagues (2001),
TKD training is known to enhance flexibil-

DISCUSSION
This study has been able to support the fact
that enhanced motor abilities play an important role in improving combat performance,
and contributing to short and long term health
of athletes. This is in consonance with the
study of Ortega and colleagues (2008). The
6
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RELATIONS BETWEEN MAXIMAL ISOMETRIC STRENGTH AND
COMPETITION PERFORMANCE AMONG YOUNG KAYAKERS
Nikola Toplica Stojanović, Zvezdan Savić, Miloš Paunović, Dragomir Dumbelović
Faculty of Sport and Physical Education, University of Nis, Serbia

ABSTRACT
Introduction: The aim of this study is to determine if there are certain relations between maximal
isometric strength and competition performance of young kayakers.
Methods: This study was conducted with a sample of 25 male young kayakers from the kayak clubs
of Serbia and Macedonia, aged 11 ± 1.5 years. Kayakers were divided into two separate groups, group
of pioneers aged 11,36 (±1,54), and group of kadets aged 15(±1,58). Kayakers performed three isometric strength tests: hand grip, knee extensor, and lower back extensor. Testing was performed half an hour
before the copmetition due to maximal performance, and more importantly test procedures did not have
any negative effect on the final performance. Subjects were adviced to produce maximal effort as fast
as they can. Correlation analysis was used to process obtained results in STATISTICA 8 for Windows.
Results: The overall analysis showed that there was a moderate correlation between all of maximal
ismometric strength test results and competition performance among pioneer kayakers, and there was
no statistical significant correlation between all of maximal ismometric strength test results and competition performance among kadet kayakers.
Discussion and Conclusion: The general objective of this study was to highlight the importance of
maximal isometric force production as the contributor of competition performance. But this data should
be considered with caution, because the paddeling techniques and anticipation during the race are often
the most important parameters of success. However, strength developement should not be ignored while
planning the training process.
Key words: kayaking, performance, force production.

Introduction
The physical development of children between the ages of 11 and 17 includes significant changes in the morphological characteristics and physical proportions in the body. It is a
period when changes occur in the development
of certain tissues (bones and muscles) and organs. This period, according to Kurelićet al.
(1975), in a narrow sense represents the period of “adolescence” for girls it lasts from
the ages of 10 to 11, and from the ages of 15
to 16, and for boys - from the ages of 12 to
13, and from the ages of 17 to 18. During this
time, the first two years are known as puberty,
a time which is characterized by a sudden inJournal of Applied Sports Sciences
2017, Vol.2, pp. 10-18
ISSN 2534-9597 (Print), ISSN 2535-0145 (Online)

crease in the longitudinal dimensions of the
body; the following two years of puberty also
see a continuation in this intense development
and sexual maturation (Simić, Bunčić, and
Ružić, 2015). The processes which determine
physical development, as well as development
during this time, are conditioned by relatively
harmonized mutual effects of various endogenic and exogenic factors. Numerous studies
indicate that muscle strain during these activities influences the development of the skeletal,
muscle, cardiovascular, respiratory and other
systems (Simićet al. 2015). Muscle strength
can be defined as the maximum force or tension in the muscles or group of muscles which
10

DOI: 10.37393/jass.2017.02.2

JOURNAL of Applied Sports Sciences 02/2017

can be generated at a certain speed (Knuttgen
and Kraemer, 1987). The positive effects of
training with load among adult athletes are
well-documented in literature (Chilibeck, Calder, and Sale, 1998; Sailors and Berg, 1987;
Staron et al., 1994). Isometric strength training
among adult males can result in an increase in
strength of up to 92% and an increase in the
muscle cross-section of up to 23% (Ikai and
Fukunaga, 1970); dynamic exercises can increase strength by 30% (Moritani and DeVries,
1980). Both types of training are also effective in increasing strength among children and
adolescents prior to puberty (Rowland, 2005;
Tolfrey, 2007). However, Mersh, and Stoboy
(1989) reported significantly increased muscle size after 10 weeks of isometric training
among prepubescent boys. In addition, Fukunaga, Funato, and Ikegawa (1992) monitored
the progress of 50 boys and girls aged 6.9
to 10.9 during a 12-week training program,
which resulted in significant improvements
in the cross-section of their muscles (mCSA).
These findings indicate that even though muscle hypertrophy can set in, other factors, in
addition to the changes in the cross-section
of the muscle, mostly lead to an increase in
strength during or prior to early puberty (Tolfrey, 2007; Zatsiorsky and Kreamer, 2009).
Numerous studies, following programmed isometric training, noted an increase in body volume, which is related to muscle hypertrophy
(Kenehisa and Miyahita, 1983; Kitai and Sale,
1989; Schott, McCully, and Rutherford, 1995).
However, a consequence of isometric training
for the increase in muscle strength does not
only lead to an increase in body volume, but
also to neurological adaptation. An increase in
the value of maximum isometric force occurs
during training with maximum isometric contractions, but also with submaximum muscle
contractions (Hettinger and Muller, 1953; Always, Sale, and MacDougall, 1990; Davies et
al., 1988; Daveis and Young, 1983; Kubo et
al., 2001; Lyle and Rutherford, 1998; Macalu-

soet al., 2000). Training with maximum isometric muscle contractions is primarily used
when working with healthy individuals and
athletes (Fleck and Kramer, 2004). Most of
the studies which have surveyed the effects of
isometric training on the development of muscle force relied on maximum voluntary muscle
contractions which lasted for a period of 3-10 s
(Schott, McCully, and Rutherford, 1995; Lyle
and Rutherford, 1998). The optimum increase
in the development of muscle force can occur
during a small number of isometric muscle
contractions of an extended duration, but also
a large number of isometric muscle contractions of a short duration, with almost identical
progress (Davies and Young, 1983). Another
factor, which can exert influence during isometric training, is the speed needed to achieve
maximum muscle force. This claim can be
substantiated by the research of other authors
Maffiuletti and Martin (2001), who applied a
seven-week isometric training program among
a group of participants who achieved maximum isometric force as quickly as possible (in
approximately 1s) when compared to a group
which needed 4s to reach maximum isometric
force (28% vs 16%).
Aim and objectives of the study
The aim of this study is to determine to
which extent the maximum force of the leg
and back extensors and the hand grip influence success at competitions. Furthermore,
it is important to determine the extent of the
effect of each person individually, so that we
could approach as adequately as possible the
modification of the training process with the
aim of achieving good ranking at competitions
in the future.
method
Description of the research
Kayakers were tested at an international
competition held in Nis in 2017, for the pioneer and cadet age categories. The competitors
were tested in the facilities of the kayak-canoe
club “Gusar”, after the competition. It is im11
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portant to mention that each of the participants
had at their disposal 30 minutes of rest after
the end of the competition for full recovery.
Prior to the beginning of the testing, each participant was subjected to a progressive warmup for a period of 10 minutes. The first part of
the warm-up (5 min) was focused on increasing work ability and heart rate (low intensity
skipping). The second part of the warm-up (5
min) included exercises for the activation of
large muscle groups (squats, lunges forward
and to the side, push-ups, etc.), as well as exercises for the increase of mobility in the joints
(hyperextensions, twists, forward bends, rotations of the shoulders and hips). All of the exercises in the second part of the warm-up were
performed with speed, volume and intensity
controlled by the invigilator to achieve a more
complete warm-up, which at the same time
would not lead to fatigue. The measuring instruments (handgrip dynamometry, dynamometry of the leg extensors and dynamometry of
the back extensors) were located along the rest
stops so as not to disrupt the participants when
performing the tests. Next to every measuring
instrument there was one invigilator and one
demonstrator who showed (demonstrated) the
participants how to perform the task. After the
demonstration, when the invigilator gave the
sign, the participant performed the exercise
with maximum intensity. If the participant
were to perform the test incorrectly, they had
to redo it successfully. The pause between two
individual attempts and between the tests was
at least 90 seconds, so as to exclude the possibility of fatigue affecting the outcome of the
results. All of the participants were tested in
the same order on the measuring instruments
so as to avoid any imprecision during measuring and any errors in completing the protocol.
The sample of participants
The sample of participants in this research consisted of the participants from three
clubs from Serbia and five clubs from Macedonia. The clubs from Serbia consisted of the

kayak-canoe club “Gusar”, the kayak-canoe
club “Medicinar” from Nis and the kayak
club “Ibar” from Kraljevo. The clubs from
Macedonia included the kayak club “Ilinden
90” from Skopje, the kayak club “Vardar”,
“Babuna”, “Gemigi 903” and “Vila Zora”
from Veles. All of the kayakers competed in
the discipline К-1 slalom, in the men’s category. This research included 25 young kayakers. The kayakers were divided according to
the criterion of their competitive category into
a group of pioneers 11,36 (±1,54 years) and
cadets 15(±1,58 years). The group of pioneers
ТВ=150,7 (±11,98 cm); ТМ=48,94 (±12,27
kg) numbered 16, and the group of cadets
ТВ=171 (±7,21 cm); ТМ=66,60 (±7,94 kg)
included 9 participants. The research was carried out in accordance with the ethical standards of the World Medical Association Declaration of Helsinki of 1964, modified in 2013.
The participants were familiar with the basic
methods and aims of the experiment. In order
to realize the research, we obtained the agreement from the kayak clubs and the participants
who took part in the realization of the testing.
A description of the measuring instruments
Dynamometry of the back extensors
An electric dynamometer (probe – force
generator) was constructed in the TechnicalDevelopmental Center in Novi Sad, type
DSS/500, serial number 98001, maximum
weight 500kg and load produced 2,2mVN.
The principle according to which this force
generator (the probe) operates is based on piezoelectric effect. The electrical current has
a constant voltage when flowing through the
semi-conductor. The generated force which
is produced by the participants in generator
force, by sliding hooks during the measuring
in opposite directions within the probe, leads
to metal plates on the special semi-conductors
applying pressure. The produced electrical energy is processed via the “AD” convertor, and
is recorded on the monitor of the hardware12
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Dynamometry of the hand grip
The same instrument is used as in the dynamometry of the leg and back extensors.
The task: The participant stands upright,
hands next to his body and with the dominant
hand at the signal from the invigilator squeezes as hard as possible the metal instrument to
which the probe is attached. The probe gives
results in Newtons.

software system in kilograms with decimals.
This measuring instrument is used to measure the intensity of the isometric and ballistic
muscle potential. The software which is used
for the purpose of analyzing the dynamogram
is “Force Static”.
The task: The participant stands straight,
hands on his thighs, an in his hands there is
force generator with a probe attached to it; at
the signal from the invigilator the participant
at the same time, with both hands, pulls the
force generator with maximum speed backwards and upwards.
Dynamometry of the leg extensors
The same instrument is used as in the dynamometry of the leg extensors.
The task: The participants stands with his
legs slightly flexed, his hands behind his back,
at the level of the gluteus, with both hands
on the force generator attached to the probe,
and tries as hard as possible to extend his legs
while keeping his back straight.

Results
The values of the central and dispersion
parameters, the skewness and kurtosis of
the variables of handgrip dynamometry, dynamometry of the leg and back extensors indicate the possibility of applying parametric
procedures (table 1 and 2).

Table 1. Descriptive statistics (pioneers)
Variable
DINŠA
DINON
DINOL

N
16
16
16

Mean
194,94
643,88
695,00

Min.
80
258
226

Max.
350
1026
1146

Range
270
768
920

Std. Dev.
75,10
226,25
265,18

Skew.
0,38
0,17
0,29

Kurt.
-0,29
-0,83
-0,60

K-S
0.10
0.14
0.21

Legend: N – number of participants; Mean – arithmetic means; Std.Dev. – standard deviation; Min. – minimum results;
Max. – maximum results; Range – range of the results; Skew. – symmetric distribution of the results; Kurt. – flat distribution
of the results; K-S – Kolmogorov-Smirnovtest of distribution normalcy.

Table 2. Descriptive statistics (cadets)
Variable
DINŠA
DINON
DINOL

N
9
9
9

Mean
379
1103
1089

Min.
320
779
822

Max.
440
1434
1346

Range
120
655
524

Std. Dev.
39,83
207,65
171,94

Skew.
0,18
-0,11
-0,11

Kurt.
-1,21
-0,38
-1,00

K-S
0.23
0.13
0.16

Legend: N – number of participants; Mean – arithmetic means; Std.Dev. – standard deviation; Min. – minimum results;
Max. – maximum results; Range – range of the results; Skew. – symmetric distribution of the results; Kurt. – flat distribution
of the results; K-S – Kolmogorov-Smirnov test of distribution normalcy.

The table shows the minimum (Min.) and
maximum (Max.) values of the variables of
handgrip dynamometry, and dynamometry
of the leg and back extensors. The values of
skewness indicate that the distribution of all

these variables is symmetrical. That is, the
curve of the distribution of the results is within
the limits of normality, and most of the results
are grouped around the means. The lower values for kurtosis indicate that for all the vari13
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ables of the participants kurtosis ranges within
the values of the platykurtic curve. The values
of the Kolmogorov-Smirnov test indicate that
the distribution of the results ranges within
the normal values. The relationship between
the values of standard deviation and average
values indicate the decreased discrimination
of all the variables. The results of the relation
between the range and standard deviations,

which are increased, also indicate the decreased discriminant nature of the results. The
approximate range of all the variables does
not consist of more than 3 standard deviations,
which is significantly less than 6. This shows
how many standard deviations should be included in the range of the results for the test to
have an adequate discriminant value.

Table 3. Correlation matrix (pioneers)
DINŠA
DINŠA

DINON
0,86

DINON

DINOL

PLAS

0,90

-0,50

0,89

-0,57

DINOL

-0,55

PLAS
Legend: DINŠA – handgrip dynamometry; DINON – dynamometry of the leg extensors;
DINLON – dynamometry of the back extensors; PLAS – rank at competition;
P-level p<0.05; r - Pearson correlation coefficient

On the base of the results shown in table
3 we can conclude that among the variables
of the studied space of maximum isometric
strength (DINŠA, DINON and DINOL) and
rank at competition there is a moderate, statistically significant correlation

(r=-.50; r=-.57; r=-.55). We can also conclude
that there is a statistically significant high correlation between the variables DINŠA and DINON (r=.86), DINŠA and DINOL (r=.90) and
DINON and DINOL (r=.89).

Table 4. Correlation matrix (cadets)
DINŠA

DINON

DINOL

PLAS

0,23

-0,05

0,19

0,71

0,20

DINŠA
DINON
DINOL

0,27

PLAS
Legend: DINŠA – handgrip dynamometry; DINON – dynamometry of the leg extensors;
DINLON – dynamometry of the back extensors; PLAS – rank at competition;
P-level p<0.05; r - Pearson correlation coefficient

Discussion and Conclusion
A hand is the basic manipulative organ
and implement of people, while the muscle
force of the finger flexors, that is, the force of
the handgrip is identified as the limiting factor of all the manipulative activities realized
by the cranial part of the body (Tyldesley and
Grieve, 1996). Studies on the hand-grip are
widely dispersed considering that the force
of the handgrip (and the muscles which take

On the base of the results shown in table
4 we can conclude that among the variables
of the studied space of maximum isometric
strength (DINŠA, DINON and DINOL) and
rank at competition there is a relatively low
correlation (r=.19; r=.20; r=.27). In addition,
we can conclude that there is a statistically
significant mid-high correlation between the
variables DINON and DINOL (r=.71).
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part in the grip) mutually affects the other
muscle groups, including the lower extremities. It is a good all-encompassing measure for
a reliable and valid evaluation of the overall
strength of the body (Bohannon, 2001). With
the help of certain motor abilities, including
the maximum force of the handgrip, we can
determine the level of general physical fitness
as one of the important indicators and factors
on which sports success and top sports results
depend. Therefore, we can claim with certainty that data and information obtained measuring these abilities play an important role in
the programming and planning of the training
process, selection and prognostic criteria (Bohannon, 2001). In the research carried out by
Jevtićet al. (2015) the authors studied differences in isometric endurance of the lumbar extensors among preadolescents and confirmed
that there are significant differences between
the age categories of children aged 11 to 14
(p<0.05). On the base of the results it could
be said that muscle endurance significantly increases from the ages of 11 to 13. Such a trend
can be a consequence of the sudden growth
and development and we can characterize it
as a critical period for the occurrence of postural deformity (Viry, Creveuil, and Marcelli,
1999) and the lumbar syndrome (Johnson et
al., 2009). Since the characteristics of growth
and development are significantly connected
to the isometric endurance of the lumbar extensors and the abdominal musculature among
children aged 7 to 14, we might say that the
increase in body weight and body height influences the increase in the isometric force of the
lumbar extensors (Dejanović and Živković,
2008). The differences which occurred in the
maximum isometric muscle force between
children aged 11 to 14 can be related to the
differences which occur in individual motor
skills and in general the age characteristics of
children. Thus, with most of the motor skills
there are differences in the age and trend of
improvement (Badrićet al., 2012). The pre-

vious conclusion unambiguously indicates
the fact that the maximum force of the hand
flexors and extensors of the back and legs has
a considerable effect on the success at competitions among younger competitive categories (pioneers), which is also confirmed by
the results of our study. On the other hand, in
the case of the cadets there is no significant
connection between the aforementioned parameters and success at competitions. This
might be explained by a decrease in the trend
of development of the motor skills after the
age of 14, especially the isometric force of the
lumbar extensors (Badrićet al., 2012). The influence of these abilities is secondary, which
further indicates that success at competitions
of a higher quality is determined by many other factors. Unfortunately, this research did not
include all the segments which might significantly influence the general ranking.
Numerous authors (Babiak, 1998, 2004;
BabiakandDoder, 2005, 2006) point out the
fact that if the force of the flexors of the fingers and hand can be taken as a measuring
unit, then each athlete should have equal force
in his other hand, but also force of the abdominal press close to these values. The force of
the back musculature should be more than 2,5
times greater, while the force of the leg extensors almost 6 times greater than the measuring unit. This relationship can be defined as a
harmonious canon of force. The results of this
study confirm this claim. One of the reasons
explaining the obtained results can be the difference in the age of the participants (from 11
to 25). Therefore, we could not accept the conclusion that the denominator between the dynamometry of the leg extensors and handgrip
is 6,5 and this information should not be taken
at face value. The research of these authors is
similar to ours because of the assumption that
if the values of the dynamometric force of the
kayakers are interpreted as the predictor measure of success at competitions, then this problem also offers the basis for reaching conclu15
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sions on the joint effects of the muscle forces
and the relationship of those muscle groups
which are directly included in the training of
kayakers, compared to those which are not. A
certain advantage of the research of the aforementioned authors is precisely the fact that a
significantly wider range of measures of dynamometric force of the kayakers was used to
analyze the relationship between the forces of
these athletes. On that base we could conclude
whether the training process should focus on
a one-sided or complex approach (Babiak,
2004).
When we compare the results of our research with those obtained by Cuk (2016) on
a sample of Slovenian judokas aged 13 to 16,
it is clear that the results of the judokas, compared to the kayakers included in our study,
unambiguously are of higher values for almost all the parameters, with the exception of
similar results for the minimum strength of the
handgrip (judokas 300N, kayakers 320N). On
the base of the research carried out by Kuburovic (2015) which included a sample of 54
male participants, aged between 16 and 17,
members of a handball school in Backa Palanka, we can conclude that the handball players
achieved better results for the parameters of
dynamometry of the back extensors and handgrip, except for the minimum values (DINŠA
270N, opposed to 320N among kayakers and
DINOL 697N, and for the kayakers 822N).
An explanation for these better results in favor of the handball players could be could be
the age of the participants. Of course, it is important to mention that specificities, just like
the training process involved in the aforementioned sports, differ significantly. However,
this does not diminish the importance of the
maximum isometric force as a very important
ability in the prediction of sports success. The
question is whether younger kayakers’ back
strength is more dominant than leg strength,
and whether leg strength plays any role in the
final outcome. Another issue is whether it is

necessary to view the length of the training
period (the training experience) of the young
kayakers as a very important component for
success at competitions. This research certainly opens the possibility for other researchers
to view this problem from various aspects and
more adequately, since kayaking is a very specific and multicomponent sport. On the base
of the obtained results, coaches can determine
whether younger age categories should pay attention solely to the development of the rowing technique or should at the same time work
on improving the quality of strength during
the training process.
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ABSTRACT
Knowing
the age
andSciences
gender characteristics of children is a prerequisite for the sports pedagogue
Journal
of Applied
Sports
DOI: 10.37393/jass.2017.02.3
2017,
Vol.2, pp.
to manage
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different stages of the multi-annual sports training. The complex development of motor
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skills raises the question of the assessment and control of the specific functional training of the athletes.
Permanent control over the level of development of basic motor skills allows coaches to determine the
main directions for optimization of the educational and training process and to work more effectively
for the development of specific technical and tactical skills of adolescent basketball players. Undoubtedly, one of the main factors of gaming efficiency is the ability of the athletes to materialize their motor
potential in rational technical and tactical actions. To the greatest extent, the contribution of each of
the indicators studied to the sports performance of an individual or group depends on 3-4 key factors.
The disclosure of the factor structure of physical development and the specific work capacity of
14-15-year-old basketball players is of high information value for the optimization of the training
process. In the present study, the five identified factors have the largest contribution to the basketball
achievement for this age group.
Key words: basketball, growing up basketball players, optimization, educational and training pro
cess

INTRODUCTION
Modern basketball is extremely spectacular and attractive sport which poses a lot of requirements to elite basketball players. A complex development of motor abilities is needed
as well as speed-power abilities combined
with virtuosic technique. All these add beauty
and magic to this game and make it a favorite
sport for a lot of people.
Unfortunately, in the last few years there
has been a recession in the development of
women’s basketball both on national and international level. We consider that part of the
reasons for this state is the bad selection of female players, the difficulty in keeping them in
the sports hall once they turn 17 years old, insufficiently effective education-training work
with adolescents, and the small number of
competitions.
Prior to sports-competitive season
Journal of Applied Sports Sciences
2017, Vol.2, pp. 19-30
ISSN 2534-9597 (Print), ISSN 2535-0145 (Online)

2017/2018 the Bulgarian Basketball Federation banned any foreign competitors from participating in the Bulgarian tournament. The
sports clubs with female players had to pay
much greater attention to their work in the
basketball schools for young players, as well
as to depend mainly on the realization of their
own competitors.
The term “young players” includes all
youngsters actively engaged in training sessions under the guidance of a sports pedagogue; this is the age group between minibasketball and 18-year-old basketball players
(Aleksieva, 2010).
I. Nature and specific peculiarities of the
selection process in basketball
Modern basketball is incomparable with
the play of the first periods of its development. The increasing dynamics poses new,
higher and specific requirements to its par-
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ticipants (Tzarov, 2008). One of the peculiarities of education and training over years was
their dependence on the play list of the team
(Zhelyazkov, 1978, Karalejič, Jakovljevič,
2007). The major problem in this direction is
the structural building of the teams. Being a
constant factor for the play and competitive
efficiency, it is closely related to the selection
and initial sports preparation of players with
favorable morph functional and psychomotor qualities for the different positions in play.
In this sense, one of the main tasks of the selection is detecting, evaluating and training
capable players (Tzarov, Djordjevich, 1997,
Tzarov, 2001).
The issue of the structural building of the
teams enhances the interest towards research
related to the selection of prospective basketball players (Ackland, Schreidner, Kerr,
1997,Dimitrova, 2004, Karalejič, Jakovljevič,
2001, Tzarov, Djordjevich, 1997, Tzarov,
2001).
The parity between the indexes for structural building of the teams directs specialists’
attention to new reserves for increasing the
play and competitive efficiency of players and
teams (Tzarov, Djordjevich, 1997). Reaching
the peaks in sports performance is impossible
without the mutual efforts of a number of
sports specialists, medical personnel, psychologists, etc. They have to detect the sports talents and carefully “raise” them throughout the
years. Iancheva (Iancheva, 2009) did research
aimed at revealing the psychological dimensions of sports talent. Together with other
psychic qualities determining the psychological profile of the successful athlete, the author
emphasized on high sports confidence, the
positive expectations of one’s own efficiency,
as well as the low level of self-perception.
Success in the development of young
basketball players is related mostly to their
coaches. They have the leading role in this
process. The more knowledge and qualifications they have, the bigger the success, the

steadier the development, and the more prospective future their players will have.
When selecting young players, one has to
predict the existence of “individual peculiarities developing during puberty period”. About
15 - 20 % of them are accelerants and they go
into puberty one, two or more years earlier;
10-15 % of them are retardants, i.e. go into
puberty a year or two later. The rest 65–70 %
are with normal development – the so-called
medians (Tzarov, 2008).
A good option is that the selection be made
on the base of coordinated actions of the clubs
and medical centers which will examine each
child’s motor abilities.
II. Systems of control and evaluation of
sports preparation in basketball
Knowing children’s age and gender peculiarities is a premise for the sports pedagogue
to manage the different stages of athletes’
sports preparation of many years. The development of their motor qualities complies with
their sensitive periods.
The permanent control over the level of
development of basic motor qualities allows
coaches to set the main directions for optimization of the education-training process and to
work more efficiently towards development
of specific technical-tactical skills of young
basketball players (Tzarov, 2008). This could
not be done without the necessary motivation
on behalf both of players and of their coaches.
The term “motivation” is defined as “hypothetical, suggested structure, used to characterize inner and outer powers which lead to
enterprise, purposefulness, intensity and stability of behavior”. The newest data reveal
the multi-direction influence of motivation on
coping strategies in stress situations, coach’s
leadership style, competitive interaction and
overall behavior (Domuschieva, 2001).
The complex development of motor qualities poses the question of the evaluation and
control over the specific functional preparation of the players. For this purpose, a lot of
20
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researchers have developed specific basketball
tests and indexes (Zhelyazkov, 1978, 1998,
Zhelyazkov, Köle, 1993, Dasheva, 1991). A
substantial contribution in this direction was
made with the introduction of pulsometry, the
control over La, BE, VO2 max, and other biochemical and physiological indexes.
We found a great variety of test batteries
with combinations of different tests in basketball literature.
One of the most recent and commonly used
test batteries in Serbia was developed by basketball specialists. It includes 10 tests for specific basketball abilities and skills (Karalejič,
Jakovljevič, 2007), parts of which have been
used for control and evaluation of the best
Bulgarian basketball players (Tzarov, Tzarova
2007).
Tz. Jeliazkov, Y. Brogli, P. Nojarov (1984)
developed “a system of control and evaluation
of the effect from preparation of the sports
reserve”. They proposed several tests which
measured the different motor qualities of
young basketball players.
In basketball practice it is necessary to
evaluate the degree of preparation of the
young players on a regular basis. This helps
coaches to obtain the necessary information
which could be used as a guideline about the
level of their development – whether they possess the necessary physical qualities and basketball skills, whether they make any progress
in the education-training process, and whether
they will develop as highly qualified athletes
in the future (Karalejič, Jakovljevič, 2001).
Transverse research related to age was
done among young basketball players by R.
Tzarova (1981). The author reveals the peculiarities of play efficacy and specific efficiency with boys and girls from the main age
groups (13-15-year-old, 16-17-year-old and
18-19-year-old) and developed tests for control, evaluation and optimization of play efficacy and specific efficiency of each of them.
With permission by the Bulgarian Basket-

ball Federation from 1979, the teams of “A”
group (men and women) implemented “system of control, evaluation and optimization
of sports preparation”, developed by prof. Tzvetan Zeliazkov et al. This system comprises
the main factors of sports achievement – object
of management in the process of sports preparation. With its help, on the base of objective
criteria, the permanent control and evaluation
of the best (elite) basketball players in Bulgaria was made possible (Tzarova, 1981).
There are three systems of control, evaluation and optimization of sports preparation for
the young players (Giosheva, Tzarov, Tzarova, 1990).
The analysis of the above-mentioned facts,
our personal experience, and our observations
allow us to formulate the following work hypothesis: we assume that the present research
will allow for outlining and identifying the
major 4-5 factors with the greatest contribution to sports achievement in basketball.
Revealing the factor structure of the physical development and specific efficiency with
14-15-year-old basketball players is of high
informative value for the optimization of the
education-training process.
METHODOLOGY
The research was done in the period March
2015 – December 2016.
The aim of the research is to increase
the preparation of young basketball players
(14-15-year-old girls) through development of
a system for control, evaluation and optimization of the major factors of sports achievement.
In the process of the research we made a
complex survey to establish the level of physical development, motor preparation and play
efficiency with 14-15-year-old basketball
players, involved in an organized educationtraining process.
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Main tasks:
► For special physical preparation – 8 in1. To establish the level of physical de- dexes (from 6th to 13th);
velopment and specific efficiency of the re► For special technical-tactical preparasearched age group.
tion – 7 indexes (from 14th to 20th).
2. To reveal the degree and nature of deMath-statistical models for assessment
pendence between the tests for physical devel- of the results from the research
opment and specific efficiency.
The results from the research were ana3. To outline and identify the major fac- lyzed statistically with:
tors of physical development and specific ef1. Variation analysis – to determine the
ficiency with the girls from the researched age mean levels of the variance of the researched
group.
indexes with each of the surveyed samples.
Object of research is sports preparation of
2. Factor analysis –to reveal the factor
young female basketball players.
structure of the physical development and
Subject of research is the indications of specific efficiency. The initial correlation maphysical development and sports preparation trixes were factorized with the method of main
of 14-15-year-old female basketball players
components, followed by Varimax orthogonal
Contingent of the research is 66 female rotation (Wainer/Braun, 1988). The making of
basketball players born in 2001-2003from the the inter correlation matrixes and deriving the
first five clubs with best achievements in the factors was done through the so-called R-techNational Tournament of Bulgarian Basketball nique, where a certain number of units of the
Federation in the season 2014/2015.
observation – n (in this case – the researched
To fulfill the aim and tasks of the research, girls) is evaluated with a defined number of inwe applied the following research methods:
dexes – m. This option supposes the condition
1. Survey and theoretical analysis of the n>m. Only the factors with a load of more than
specialized literature and document sources 1 (Е ≥ 1) – criterion of Kaizer are commented
– to find out about the researched issue. On (Gigova, 2002, Tzarova, 2013).
this base we selected several tests and indexes,
3. Method of indexes - (Body Mass Index
meeting the requirements for reliability, au- – BMI) – recommended by the World Health
thenticity, objectiveness and standardization, Organization for establishing the degree of
and included them in the test battery of the stoutness of the body.
research.
To evaluate the Body Mass Indexes of the
2. Anthropometrics – to reveal the state of researched pupils, we used the adapted table
the main anthropometric indicators through of P. Slanchev (1992) for diagnosis of obesity
collecting information along 5 indexes (see in young age.
table 2). The measurements were made
with standard tools and standard methods
RESULTS
(Slanchev, 1998).
The results from the variation analysis of
3. Sports-pedagogical testing – to estab- the observed indexes of physical development
lish the level of specific physical preparation and the physical and technical-tactical prepaand specific technical-tactical skills of the re- ration are displayed in table 1.
searched basketball players. The 15 tests used
The factor structure with 14-year-old basare presented in table 1 (from № 6 to № 20).
ketball players consists of 5 main factors (taDepending on the information they pro- ble 2) which explain a very high percentage of
vide, the indexes were divided into groups, as the initial dispersion of the examined phenomfollows:
enon (84.24 %).
22

JOURNAL of Applied Sports Sciences 02/2017

Table 1. Mean values and variance of the examined indexes
№

Indicators

N

.Min

.Max

X

S

As

Ex

V

1.

Height

66

145,00

179,00

164,87

7,75

-0,325

-0,512

4,70

2.

Weight

66

36,00

79,00

56,48

10,12

-0,062

-0,652

17,93

3.

Body mass index

66

13,78

29,12

20,65

3,01

0,222

-0,230

14,59

4.

Lower limb

66

88,00

113,00

100,07

6,13

0,159

-0,656

6,12

5.

Upper limb

66

65,00

82,00

74,05

4,41

-0,157

-1,145

5,96

6.

Span length

66

17,50

24,00

21,02

1,37

-0,460

0,241

6,50

7.

Chest measurement – pause

66

66,00

95,00

81,35

7,84

0,007

-0,963

9,63

8.

Chest measur. – respir.
difference

66

4,00

12,00

7,78

1,71

-0,189

0,193

22,04

9.

Horizontal stretch

66

140,00

180,00

164,91

9,15

-0,561

-0,127

5,55

10. m sprint 20

66

3,16

4,22

3,75

0,24

-0,307

0,313

6,40

11. Running between stands

66

20,02

26,40

22,49

1,39

0,693

0,154

6,19

12. Shuttle” run 112m“

66

23,13

34,21

28,65

2,10

0,033

1,120

7,34

13. High jump

66

22,00

53,00

33,94

5,83

0,574

0,787

17,19

14. Long jump

66

130,00

220,00

177,12

20,46

-0,156

-0,419

11,55

15. Throwing compact ball

66

2,90

5,30

4,15

0,58

0,059

-0,629

13,88

16. Moving in defense

66

8,44

12,36

10,72

0,79

-0,306

0,000

7,40

17. Abdominal press

66

12,00

52,00

24,15

8,41

1,375

1,630

34,83

18. Dribble between stands

66

20,82

30,10

24,03

1,96

1,234

1,930

8,18

19. Leading the ball index

66

-1,72

7,29

1,54

1,20

1,885

8,290

77,73

20. Loops made by dribble

66

8,00

88,00

44,61

14,99

-0,213

0,828

33,60

21. Shooting while moving –
time

66

32,54

45,77

36,42

2,16

1,338

4,376

5,94

22. Shooting while moving –
number

66

4,00

6,00

5,27

0,69

-0,421

-0,833

13,12

23. Shooting while moving –
coeffic.

66

5,42

11,44

7,04

1,21

1,286

2,024

17,14

24. Shooting from place

66

7,00

25,00

16,91

3,41

-0,625

1,220

20,16

25. Free throws

66

8,00

19,00

12,94

2,58

-0,153

-0,703

19,92
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Table 2. Factor structure of physical development and physical efficiency with
14-year-old basketball players
№

Indicators

І

ІІ

ІІІ

ІV

V

h²

1-h²

1.

Height

,906

,109

,081

,123

-,046

,856

,144

9.

Weight

,902

,085

,147

,145

-,106

,874

,126

15.

Body mass index

,901

-,158

,07

,037

,035

,845

,155

4.

Lower limb

,877

,095

,296

,101

-,019

,779

,221

5.

Upper limb

,803

,269

,135

,176

,113

,876

,124

2.

Span length

,788

,453

,085

-,285

-,065

,918

,082

7.

Chest measurement – pause

,762

,367

-,059

-,168

,111

,759

,241

6.

Chest measur. – respir. difference

,601

-,024

,032

,325

,017

,469

,531

3.

Horizontal stretch

,524

,472

-,024

-,476

-,066

,729

,271

21.

20 m sprint

-,123

,715

,249

,082

-,253

,658

,342

13.

Running between stands

,247

-,713

,155

,285

-,093

,683

,317

10.

“Shuttle” run 112m

-,291

,685

-,128

,007

,029

,571

,429

23.

High jump

-,118

,632

-,318

,395

-,445

,868

,132

16.

Long jump

-,307

,628

-,05

,297

,174

,617

,383

15.

Throwing compact ball

,088

-,603

-,172

-,303

-,061

,845

,155

8.

Moving in defense

,050

-,581

,340

,028

-,143

,477

,523

11.

Abdominal press

-,334

,578

,560

-,054

,185

,797

,203

22.

Dribble between stands

,095

-,477

,470

-,424

,406

,802

,198

18.

Leading the ball index

-,312

,395

,740

,127

,236

,87

,134

17.

Loops made by dribble

,219

-,063

-,638

,236

,232

,566

,434

19.

Shooting while moving – time

-,124

-,025

,562

,264

,172

,429

,571

24.

Shooting while moving – number

,157

,16

-,451

-,125

,334

,381

,619

14.

Shooting while moving –coeffic.

,18

-,456

,023

,594

-,156

,617

,383

12.

Shooting from place

,087

,057

-,081

-,476

-,625

,628

,372

25.

Free throws

,247

,143

-,474

,026

,558

,619

,381

7,43 %

6,20 %

∑а² = 84,24 %

25,53 %

18,60 % 10,95 %

Besides factor loads, the table presents
data about the size of the explained (h²) and
unexplained (1-h²) initial dispersion by each
index.
The analysis of table 2 shows that the first
outlined factor explains 25.53% from the initial dispersion of the researched phenomenon.

The two factors, which follow, have a lower
contribution to the total physical development
and specific efficiency of female basketball
players (18.60% and 10.95 % respectively);
the last factors are complementary and the explained dispersion by them is a way less than
10 % - (7,43% and 6,20 %).
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Fig. 1. Factor structure of the physical development of 14-year-old basketball players
– I factor (morphological)
The first factor in the factor structure of the
physical development and specific efficiency
of 14-year-old basketball players (figure 1)
is determined by nine main indexes. As we
have already pointed out, it explains the highest percentage of the initial dispersion of the
researched phenomenon (25.53 %). This fac-

tor can be defined as morphological because it
reveals the place of the indexes related to the
length of the body and height-weight indexes
in the factor structure. They, on the other hand,
are a premise for higher achievements when
throwing a compact ball (table 2).

Fig. 2. Factor structure of physical preparation of 14-year-old female basketball
players – II factor
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The second factor in the factor structure
of the physical development and specific efficiency of 14-year-old female basketball
players (fig. 2) is also determined by nine
main indexes. They explain a high percentage of the initial dispersion of the researched
phenomenon (18.60 %). The indexes, which
determine this factor, are related to physical

preparation of the female basketball players.
In the researched age groups, the bigger functional capacity of the girls’ chest is a premise
for higher achievements in moving down the
court with or without a ball, in fast movement
in guarding position, handling the ball on one
spot, as well as making a basket for the shortest time (table 2).

Fig. 3. Factor structure of specific preparation of 14-year-old female basketball players –
III, IV, V factors

The third factor in the factor structure of
the physical development and specific efficiency of 14-year-old female basketball players (fig. 3) is determined by four main indexes,
which explain 10.95 % of the initial dispersion of the researched phenomenon. These
are the indexes related to basketball skills of
the female basketball players; therefore, it can
be identified as technical-tactical factor. It
reveals the high significance of the dribbling
skills, efficiency of shooting after a pass, the
dynamics of the abdominal muscles for the
overall preparation of the young female basketball players.

The fourth factor (fig.3) is determined by
the index related to the explosive power of the
lower limbs in horizontal efforts (7.43 %).
The last fifth factor (6.97 %) reveals the
place of the physical development and specific
efficiency (fig. 3) of speed endurance and free
shots efficiency in the factor structure.
DISCUSSION
To fulfill the aim and tasks of the research,
we compared the obtained results with the results from a research done in 2011. The comparative analysis of the mean value of each of
the researched indexes (a total of 18) of the two
26
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researched groups showed that the researched
group in 2016 has shown better results only
along three indexes. These are the indexes related to the dynamics of the abdominal muscles, the shooting skills after a pass, and free
shots efficiency. Along all the other 15 indexes
the group researched in 2011 has shown better results. The comparison of the two mean
values determines only the presence of difference but does not allow us to make general
conclusions without applying the criterion of
Student, which is not a subject of this study.
The results from the variation analysis of
the observed indexes of physical development
and physical and technical-tactical preparation of the girls researched in 2016 (table 1)
show that the values have a normal distribution. The observed sample is homogeneous
and relatively homogeneous as regards the
indications explained by these indexes. Lack
of homogeneity is observed as regards the female basketball players’ skills to handle the
ball on one spot, their ability to move down
the court while dribbling with high speed, and
the dynamics of their abdominal muscles.
The analyses of the results from the research done in 2011 shows the values have a
normal distribution. The observed sample is
homogeneous and relatively homogeneous as
regards the indications explained by these indexes. The only index which is not stable is
the female players’ ability to move down the
court while dribbling with high speed (Tzarov,
Tzarova, 2001). We can summarize that the
basketball players researched in 2016 have
weaker ball handling skills compared to the
girls researched in 2011. In our opinion, this is
due to the less time and attention sports pedagogues take to deal with specific basketball
adroitness skills.

14-15-year-old female basketball players researched in 2016 enable us to formulate the
following conclusions:
The most important for the 14-year-old
female basketball players is the so called
morphological factor, which reveals the high
significance of the length of the body and
height-weight indexes.
Physical preparation and technical-tactical
preparation have a smaller contribution to the
overall physical and technical-tactical preparation with the 14-year-old female basketball
players.
After an analysis of the results of the
14-15-year-old female basketball players researched in 2011, the following conclusions
were formulated:
The most important for the female basketball players is the factor explaining their basketball skills, which reveals the high significance of:
Skills related to the movement down the
court in attack with high speed, with dribble
or without dribble;
Skills for fast movement in defense;
The height of the players influences negatively these skills.
The second factor can be identified as
morphological factor, determining the significance of the size of the body in basketball, which, however, has a negative influence
on speed abilities of the researched players
(Tzarov, Tzarova, 2001).
The analysis of the integral factor structure
of physical development and specific efficiency of the 14-15-year-old female basketball
players who took part in the two surveys (in
2011 and 2016) shows that with both groups
there are five main factors which explain a
high percentage of the initial dispersion – respectively 79.87 % for the group in 2011, and
conclusions
84.24 % for the group in 2016. This percentThe analysis of the results and the gen- age could be higher if the number of the faceral look at the factor structure of physical tors is increased, but thus, the significance of
development and specific efficiency with the information would not rise.
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We could summarize that the selection of
the players researched in 2016 was weaker.
Besides, they need to take more time working with the ball, or the so-called basketball
adroitness, which are unfortunately mastered
in the opening period of sports training and are
only perfected on this stage.
In one of the recent surveys (Tzarova,
Borukova, 2011) made in the period 20122015 among 12-19-year-old female basketball
players, the authors found out that nowadays
athletes have much lower results compared
to the older generations. The trend is that the
results will decrease every year in the future
(Tzarova, Borukova, 2011). The age of 14-15
is crucial for the development of the young
girls as basketball competitors. They are in a
period of sports development and it is important that the work during the education-training process be directed towards development
and perfection both of the individual qualities
as group actions, team interactions and play
efficiency (in attack and defense). The analysis of the results of the present study will allow us to develop tests for evaluation of physical development and motor preparation of the
14-15-year-old female Bulgarian basketball
players. This will help the improvement of the
education-training process and competitive
process and will increase the efficiency of the
exerted control.
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DYNAMICS OF ANXIETYAND PERCEIVED STRESS AMONG THE
PARTICIPANTS IN THE ХХV ANTARCTIC EXPEDITION
Galina Domuschieva-Rogleva, Tatiana Iancheva, Aleksander Shopov
National Sports Academy “Vassil Levski”, Sofia, Bulgaria
ABSTRACT
The ХХV Bulgarian Antarctic expedition on the Livingston isles, which included scientists and alpinists, began in November 2016. The participants’ activities are highly dependent on the extreme conditions they are in.
The aim of the present researchis to studydynamics ofanxiety and perceived stress and to find a
relation with the participants’preferred strategies for coping with stress in highly risky activities in an
extreme climatic and social environment.
Subject of the study were 21 participants in the ХХV Bulgarian Antarctic expedition, mean age 27
and 70. We have used Bulgarian adaptation of: Spielberger‘s Anxiety Inventory (STAI);Questionnaire
for perceived stress (PS-1) and Coping Orientations to Problems Expe-rienced scale – COPE 1. The
first two tests were applied before the departure for Antarctica and before the return to Bulgaria.
The level of perceived stress in the beginning of the expedition issignificantly higher compared to the
resultsobtained in the end of the expedition.Similar results were observed in terms of situational anxiety, which refers to the dynamic mental states.The cognitive engage-ment coping strategies are the main
ones, whereas cognitive and emotional disengagement strategies are the least used.The results from the
regression analysis show that the high levels of perceived stress has the biggest impact on the levels of
anxiety in participants studied.
The present study adds to the understanding the role of anxietyand perceived stressin difficult and
challenging missions in extreme conditions in highly risky activities.
Key words: coping strategies, risk-taking activity, cognitive engagement coping strategies

INTRODUCTION
There is a significant interest in the psychological changes and the functioning of the
members of polar expeditions (Gunderson,
1974; Gunderson & Pálinkás, 1991; Mihra,
2006; Pálinkás, Suedfeld & Steel., 1995; Suedfeld, 2001; Khandelwal et al., 2015, 2017;
Zimmeret al., 2013). In some research the influence of the internal self-concept, interpersonal relationships and personal characteristics on the activities in polar expeditions are
sought (Pálinkás & Johnson, 1990; Pálinkás,
2003; Rosnet, LeScanff & Sagal, 2000).
Long-term stays in extreme environments,
such as polar regions, may cause significant
changes in individuals’ health and well-being. The systematic overview of the literature
aimed to map studies about the psychological
effects on the participants in the Antarctic exJournal of Applied Sports Sciences
2017, Vol.2, pp. 31-41
ISSN 2534-9597 (Print), ISSN 2535-0145 (Online)

peditions. The reviewed data were categorized
and divided into two thematic fields: negative
effects, resulting from harmful psychophysiological variations caused by exposure to the
polar stressors, which may present seasonal
symptom patterns, altering cognitive performance, mood and interpersonal relationships;
and positive effects, such as salutogenic results arising from successful adaption to environmental adversities. Due to the great deal
of evidence, it is suggested that protection factors should be promoted through preventive
approaches, such as psychological training
and support in order to reduce symptoms and
generate satisfactory adaptation to Antarctica.
al. 2000, 2004 (Zimmer et al., 2013)
At the end of 2016 and the beginning of
2017 XXV Bulgarian Antarctic expedition
was held on Livingston Island with the par31
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ticipation of scientists working in different
fields. During the expedition a number of
projects in various scientific fields were realized. The participants’ activities are highly
dependent on the extreme conditions they are
in. The climate there is characterized with frequent weather changes, strong winds, snowfalls, with one or two sunny and windless days
a month. According to some researchers this
is “the worst weather on earth”. Antarctica is
one of the most extreme and isolated environments on Earth. Average annual temperatures
range from -10°C on the coast to -60°C at the
interior, rendering Antarctica the world’s largest desert. Antarctica is also the highest continent on Earth, with an average elevation of
2500m (King & Turner 1997) which further
contributes to the cold climate. Moreover, the
nature of this environment renders it impossible to sustain human life without the aid of
technology and complex operations, and its
geographic isolation limits the availability
of external assistance in medical and other
emergencies (Lugg 2005). Despite substantial improvements in the living and working
facilities provided for the participants in the
expeditions (Lugg 2005), Antarctica remains
a climatically, geographically, personally, and
socially challenging environment. The impacts of physical, social, and psychologicalstressors on each participant’s health and performance in Antarctica have been extensively
documented. The influence of these challenges on individual, social, and occupational
functioning, both short and long-term, cannot be underestimated. Thus, an understanding and appreciation of the processes leading
to positive and negative outcomes associated
with Antarctic employment is warranted as it
provides for the development of both proactive prevention strategies as well as targeted
intervention strategies to maximize outcomes
(Palinkas & Suedfeld 2007). Furthermore, enhanced knowledge regarding such processes
may then be applied to populations working

within other extreme environments similar to
Antarctic conditions. However, undertaking
such research agendas is challenging due to the
difficulty in conducting longitudinal research
studies on transient populations. A number of
surveys within Antarctic cohorts have focused
on the outcomes for the participants rather
than to the processes leading to them (Norris
et al., 2010). These conditions made us study
some psychological characteristics of the participants in the expedition.
Stress is one of the most important psychological constructs in behavior science
and that’s why there are many approaches to
its study. The first approach sees stress as a
reaction of the organism to a given situation.
The second approach accentuates on the situation or the stimuli independently from human
perception and human reaction. The interactive approach defines stress as lack of balance
between the demands of the environment and
the individual abilities to cope, i.e. the level of
stress is function of the ability of a person to
answer the requirements of a given situation
(Martens, et al.,1990).
Stress has become an inseparable part
of human life and can be observed in every
sphere of life. In conditions of physical extremities, such as that prevailing in the Antarctic, the routine undergoes a drastic alteration
and stress relieving agents such as families,
friends, and neighbours cease to exist. This
requires an individual to psychologically shift
gears to adapt to the new situation. Problems
related to the individual‘s adjustment to close
group interdependence, monotony of the environment and absence of accustomed sources
of emotional gratification have been studied
among groups of volunteers subjected to isolated Antarctic living for six to eight months at
isolated bases (Mihra, 2006). In recent years,
the area of psychological stress has made
significant advances in understanding the relationship between physical environmental
stresses and well-being. It deals with the im32
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pact of a wide range of negative outcome that
otherwise seem to defy adequate explanation.
With the beginning of influential work of Selye (1956) and Lazarus (1966), the environmental stress concept has led to ample amount
of research on the properties of environment
and its relationship with human behavior and
health (Mihra, 2006).
Anxiety is a basic component of stress and
it is not only a symptom or manifestation of
stress, but also a cause of further stress (Girdano et al., 1990).
One of the most popular theories, a base
of a number of surveys, outlines two types of
anxiety – trait and state anxiety (Spielberg,
1983). Trait anxiety is viewed as a stable, acquired behavior disposition, personality trait
which predisposes to perceiving a wide range
of objectively safe stimuli as threatening ones
and to reaction involving state anxiety, which
significantly exceeds the objectively normal
one.
State anxiety refers to the dynamic psychic conditions. It appears when an individual
perceives a certain irritant or situation as including some actual or potential elements of
danger, threat or harm. In the context of the
concept of the genesis of stress, state anxiety
is viewed as a function of the correlation between a certain need and the possibilities for
its satisfaction. The lower probability of satisfying a need, combined with a high need,
determined by inner or outer factors, lead to
the manifestation of increased state anxiety
(Spielberg, 1983). Anxiety, as a personality
trait, affects performance. Individuals with
low trait anxiety and high state anxiety find
it easier to reach top achievement, while individuals with high trait and state anxiety have
worse sports performance.
According to some authors, the outcome
of cognitive and emotional processing usually leads to two general behavioral strategies:
avoiding or actively dealing with the situation.
Coping with stress is related to cognitive and
behavioral efforts to cope with external and

internal challenges and/or the conflict between
them, which could be defined as an ordeal, or
simply surpassing personal resources (Lazarus
and Folkman, 1984). The copings used are the
result of the dynamic interaction of personal
and contextual influences. Strategies for coping with stress are divided into two major
groups: problem focused coping, defined as
active coping, and emotion focused coping–
passive coping (Leventhal et al., 1993). Problem focused strategies are considered as appropriate to keep up the abilities for personal
control with reference to the consequences in
specific situations, as well as to their repeated occurrence in the future. Emotion focused
copings are deemed as appropriate when individuals could do very little to control consequences or their repeated occurrence. Problem
and emotion focused strategies differ in terms
of their second evaluation of control (Folkman, 1992; Folkman and Lazarus, 1980).
The aim of the present research is to study
the dynamics of perceived stress and anxiety
and to find a relation with the participants’
preferred stress coping strategies in highly
risky activities in an extreme climatic and social environment.
Participants: The research was done
among 21 participants in 25rd Antarctic expedition – 17 men and 4 women, aged between
27 and 70, average age - 47,4.
At the beginning of the research all participants were informed about the aim of the
survey and their consent was obtained.
Procedure
During the expedition the participants
filled out a number of psychological tests. The
tests which evaluated perceived stress and
anxiety were applied before the departure for
Antarctica and before the return to Bulgaria.
The difficulties in obtaining data were related
to the different arrival and departure time of
the members of the Antarctic expedition.
RESEARCH METHODS
1. Questionnaire for perceived stress
33
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(PS-1) developed by Cohen, Kamarck, Mermelstein, 1983 and adapted for Bulgarian conditions. It consists of 7 positively and 7 negatively formulated items. The researched people
have to evaluate from 1 to 5 the frequency of
their feelings and thoughts described by the
items. The results characterize a relatively stable evaluation style for a given period of time
(Karastoyanov, Russinova, 2000).
2. State-Trait Anxiety Inventory (STAI)
(Spielberger, 1983) is a self-reported instrument. It was designed to assess levels of state
anxiety and trait anxiety, through 40 items. All
items are rated on a 4-point scale (e.g., from
“Almost Never” to “Almost Always”). Higher
scores indicate greater anxiety. State anxiety
can be defined as a transient momentary emotional status that results from situational stress.
Trait anxiety represents a predisposition to react with anxiety in stressful situations. This
data set includes two STAI subscale score.
Anxiety Form Y, its most popular version, has
20 items for assessing trait anxiety and 20 for
state anxiety. State anxiety items include: “I
am tense; I am worried” and “I feel calm; I feel
secure.” Trait anxiety items include: “I worry
too much about something that really doesn’t
matter” and “I am content; I am a composed
person.” The questionnaire was adapted for
Bulgarian conditions (Shtetinski, Paspalanov,
1989).
3. Coping Orientations to Problems Experienced scale – COPE – 1 (Carver, et al.,
1989). The test evaluates various ways of coping with stress, used by people. It is adapted
for Bulgarian conditions (Rusinova-Hristova,
Karastoyanov, 2000) and it is optimized for
sports practice (Georgiev at al., 2003). It includes 52 items, organized in 14 subscales:
active coping, planning, suppression of competitive activities, restraint coping, seeking
social support for instrumental reasons, seeking social support for emotional reasons, positive reinterpretation and growth, acceptance,
turning to religion, focusing on and venting of

emotions, denial, behavioral disengagement,
mental disengagement, alcohol-drug disengagement.
These fourteen strategies have been joined
together through factor analysis into three
generalized secondary factors: cognitive engagement, emotional engagement, cognitive
and emotional disengagement (Georgiev at
al., 2009).
RESULTS
The results from the comparative analysis
show there is no statistically significant difference between the average values of the researched variables with the participants in the
expedition, differentiated by gender (criterion
Mann-Whitney - U). A possible explanation
could be found both in the small number of
researched individuals, with the women being
only four, and in the fact that the requirements
for the psychic characteristics needed for participation in such an expedition are common
and gender independent.
The obtained results show that the level of
perceived stress in the beginning (М=32.06;
SD=7.78) is significantly higher compared to
the results (М=28.31; SD=10.35) (table 1) obtained at the end of the expedition (Т=1,97*)
(criterion of Wilcoxon). The possible explanation could be found in the fact that during the
last month before the expedition is a hectic
one and related to the preparation, with lots of
difficulties, ambiguities, details about the future activities, possible risks, and uncertainty
about the fulfillment of the goals, which often
depend on circumstances. The second result
was obtained when the expedition was almost
completed; the uncertainties were fewer and
were related “only” to the trip back.
The ability for efficient coping with stressful events is a must for successful coping
with challenges. Unsuccessful coping with
acute stressors could harm different psychic
processes such as concentration, direction of
attention, activation (Anshel, 1990; Smith,
34
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1986). The efficient coping with stressful
event requires the recovery of balance and
imperturbability (Gould, et al., 1993) through
favorable mental configuration (i.e. psychic
readiness to respond to the next stimulus) and
maintenance of optimal activation and concentration (Singer, 1982).
Similar results can be observed as regards
state anxiety, which refers to the dynamic psychic conditions. It appears when an individual
perceives a certain irritant or situation as including some actual or potential elements of
danger, threat or harm. In the context of the
concept of the genesis of stress, state anxiety
is viewed as a function of the correlation between a certain need and the possibilities for
its satisfaction. The lower probability of satisfying a need, combined with a high need, determined by inner or outer factors, lead to the
manifestation of increased state anxiety. The
level of state anxiety at the beginning of the
expedition (М=33.71; SD=8.62) is significant-

ly higher than the results at the end of the expedition (М=28.08; SD=8.72) (Т=2,01*). It is
probably because the situation was perceived
as less dangerous or threatening. Regardless
of the fact that trait anxiety is viewed as a stable personal characteristic, among the participants in the expeditions there is a statistically
significant difference in the level of trait anxiety between the beginning of the expedition
(М=36.35; SD=8.85) and its end (М=29.92;
SD=8.05) (Т=2,32**). These results do not
conform to postulates of trait anxiety in Spielberg’s theory. The possible explanation could
be that the participants were not able to distinguish between their condition at the moment
of the testing and the way they felt generally.
The values of both types of anxiety are
within the norms for the Bulgarian population
(Shtetinski, Paspalanov, 1989).

Table 1. Average values of perceived stress and anxiety
Min
Max
M
SD
7.78
32.059
48.0
18.0
Perceived stress in the
54.0
beginning
10.34
28.308
14.0
48.0
Perceived stress in the end
8.62
33.706
20.0
48.0
State anxiety in the beginning
8.72
28.077
20.0
51.0
State anxiety in the end
8.85
36.354
22.0
45.0
Trait anxiety in the beginning
8.04
29.923
21.0
Trait anxiety in the еnd
The strategy of active coping is the most
preferred by the subjects of the research in
stress situations. Planning, positive reinterpretation and growth take the second and
third place. The most avoided strategy is the
use of alcohol and drugs. The participants of
the research have the highest values in cognitively engaged coping strategies representing
purposeful actions to overcome stress, recon-

sidering and planning the ways and means of
coping with it, and also rejecting and disregarding any tasks preventing or complicating
coping. Emotionally engaged strategies – asking for advice, help and compassion have the
average values, while cognitive and emotional
disengagement coping – acceptance, seeking
comfort in religion, alcohol and drugs are the
ones most avoided (table 2).
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Table 2. Average values of coping strategies
Variables
1

Min
2.75

Max
3.75

M
3.32

SD
.37

2

2.50

4.00

3.22

.46

3

2.25

3.75

2.77

.37

4

2.25

3.50

2.63

.35

5

2.25

4.00

2.80

.48

6

1.25

4.00

2.80

.48

7

2.50

3.75

2.97

.38

8

1.00

4.00

2.57

.71

9

1.00

3.25

1.68

.73

10

1.00

3.25

2.42

.62

11

1.25

2.50

1.80

.44

12

1.00

2.25

1.73

.43

13

1.25

3.00

1.93

.49

14

1.00

3.00

2.67

.59

F1

2.70

3.70

2.98

.29

F2

1.50

3.75

2.54

.50

F3

1.29

2.67

1.83

.35

Note: 1 –Active coping, 2 –Planning, 3 - Suppression of competing activities, 4 –Restraint coping,
5 –Seeking social support for instrumental reasons, 6 –Seeking social support for emotional reasons, 7
–Positive reinterpretation and growth, 8 –Denial, 9 –Acceptance, 10 –Turning to religion, 11 –Focusing
on and venting of emotions, 12 –Behavioral disengagement, 13 –Mental disengagement, 14 –Alcohol drug disengagement, F1 - cognitive engagement, F2 - emotional engagement, F3 - cognitive and emotional
disengagement.

In order to reveal the correlations between
the researched indexes we applied correlation
analysis (criterion of Spearman). There are
certain interdependencies between state anxiety and perceived stress at the beginning of the
expedition, as well as with the manifestations
of trait anxiety (table 3). There is a correlation
between trait anxiety at the beginning and at
the end of the expedition, as well as with the
results from the first evaluation of perceived

stress. State anxiety at the end of the expedition correlates significantly with trait anxiety
and perceived stress measured at the same
time. The result from the second evaluation
of trait anxiety correlates significantly with
perceived stress at the beginning and at the
end, as well as with the stress coping strategy.
There are a number of interdependencies between the different stress coping strategies.
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Table 3. Correlation dependences between the researched parameters

State anxiety 1
State anxiety 2
Trait anxiety 1
Trait anxiety 2
Perceived stress 1
Perceived stress 2
F2 emotional
engagement
F3 cognitive
and emotional
disengagement

State anxiety 1 State anxiety 2
*0.453
**0.875
*0.562
**0.664

Trait anxiety 1

*0.539

*0.564
*0.532

*0.594
*0.465
*0.367

In conformity with the aim of the research
a step regression analysis was used. The independent variables were the perceived stress at
the beginning and at the end of the expedition.
The dependent variables were state anxiety at

the beginning and at the end of the expedition.
We found out that the high level of perceived
stress at the beginning of the expedition influenced state anxiety, measured at the beginning
of the expedition (β=0,64**) (table 4).

Table 4. Results from the regression analysis -1
Perceived stress in the beginning
β
t
.Sig

Index

State anxiety in the beginning 0,640

3,228

0,006

Δ R²
0,410

There is an analogical trend at the end of the expedition, and the result is even
more significant (β=0,85**) (table 5).
Table 5. Results from the regression analysis -2
Index

Perceived stress in the end
β
t
.Sig

Δ R²

State anxiety in the end

0,815

0,634

4,665

0,001

In the next regression model the role of strategies. We did not find any influence of the
dependable variables was taken by the three perceived stress and state anxiety on the prefgeneralized secondary factors of stress coping erence to certain stress coping strategies.
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DISCUSSION AND CONCLUSION
Antarctica‘s extreme conditions can provoke important cognitive and behavioral
changes in the members of polar expeditions.
However, these changes may result in a successful adaptation to the environment, i.e.,
salutogenic effects that might generate feelings of self-efficacy and a significant improvement in general health. Despite this, distress
related to the expeditions‘ social and physical
characteristics should not be overlooked, as
the impact of stressors can impair individual
and team performance and compromise crew
members‘ health. Understanding and categorizing these effects is of major importance
for the prevention of negative factors related
to the psychosocial and neuropsychological
adaptation brought about by unusual environmental conditions.
Palinkas and Suedfeld (2008) showed depression as one of the most common symptoms in Antarctic expeditions, followed by
anxiety and irritability, thereby, even with few
cases requiring clinical intervention, neglect of
these factors could have serious consequences. The decrease in life and work satisfaction
during a long period in Antarctica is frequently reported in the articles. This is mostly reported as temporary, i.e., as stages or a linear
pattern for the adaptation to the environmental
stressors (Palinkas & Houseal, 2000). Nevertheless, environmental challenges may bring
about stress, due to the overcoming of difficulties imposed upon polar teams (Norris, Paton
& Ayton, 2010; Weiss, Suedfeld, Steel & Tanaka, 2000). After analyzing data referring to
research reports, strong evidence supports the
perspective that coping strategies can produce
long-term salutogenic reactions in the expedition members‘ lives (Norris et al., 2010; Peri,
Scarlata & Barbarito, 2000; Palinkas & Suedfeld, 2008). Accordingly, an increasing number of studies have been performed that are
directed toward the understanding of the protection factors associated with well-being and

professional performance under conditions of
extreme adversity.
On the base of the obtained results it could
be summed up that the participants in the ХХV
Bulgarian Antarctic expedition are characterized with levels of perceived stress and state
and trait anxiety within the norm for Bulgarian population. There is a significant decrease
in the level of the abovementioned variables
at the end of the expedition, which meets our
expectations.
Similar results were obtained when we
used Spielberger‘s state Anxiety Scale. It was
administered to the Indian scientists across
three different periods of Antarctic expedition,
namely, onward, stay and return journey from
Antarctica. One way ANOVA with repeated
measures (45 observations) shows that state
anxiety score during onward journey to Antarctica was significantly higher than that of
other periods (Roy, 1996).
The most preferred strategies for coping
with stress and anxiety in sport activities with
all groups of participants in the research are
problem focused strategies. The least used
coping strategies with all groups of participants in the research are strategies connected
with a passive approach to the stressor.
The data obtained from our study suggest
that the people surveyed are significantly more
resilient in extreme situations, threatening incentives in situations of danger and risk, their
anxiety is controlled, relying heavily on their
internal resources, on their own capabilities in
situations of threat.
When researching the cultural context of
stress, illness and coping in Antarctica Palincas (1992) is examined in the context of the
human experience in Antarctica. This experience is characterized by prolonged isolation,
confinement, and exposure to extreme environmental conditions. Men and women who
winter-over at scientific research stations often exhibit a complex of psychophysiological
symptoms in response to these stressors. How38
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ever, this experience also appears to provide
long-term health benefits. It is argued that the
psychological symptoms are themselves part
of the process of coping and do not necessarily
represent an inability to adapt to the extreme
environment. Coping is viewed as a process of
negotiation leading to a compromise between
individual and group needs. Further, this process fosters the acquisition of new strategies or
resources for coping with subsequent stressful
experiences.
The limitations of the present study are
connected with the relatively small number of
researched individuals, but this is the number
of the people who took part in the expedition.
It is important to highlight that the logistical difficulties and the generally reduced number of research samples are inherent characteristics to Antarctic expeditions, which makes
the accumulation of data in this area slow and
sparse.
Thus, this studies provides information
about what can be done to promote satisfactory adaptation and reduce the psychological
distress in these people. The research adds to
the understanding of the factors propelling
human behavior, which are the base for participation in hard and challenging missions in
extreme environment in different parts of the
world.
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ABSTRACT
Introduction: There is still conflicting information about the prevalence of EDs with female athletes.
The results for different countries and subpopulations of athletes also show large variations due to various reasons including intercultural differences, eating habits and behaviors.
Purpose: The aim of this first for Bulgaria study was to examine the prevalence of eating disorder
attitudes and behaviors among Bulgarian female athletes and to estimate how eating disorders vary
across the nature of the sport and level of proficiency.
Methods: A total of 363 female athletes, aged between 12-25 years participated in the study. All
participants completed an anonymous paper-based EDE-Q and provided information about their age,
sports experience, participation in competitions and competitive level.
The subjects were divided into groups according to the type of sport (aesthetic and non-aesthetic)
and level of participation (non-competitive, low and high competitive level).
Results: There were no differences between the athletes in the subgroups with respect to any of the
EDE-Q subscales. On the basis of pre-established cutoff score of 4 on EDE-Q scales and the presence of
pathological eating behavior we found the same prevalence rate of eating disorder with female athletes
in both aesthetic sports (33.3%) and non-aesthetic sports (31.8%). Although the tendency of increasing
the incidents with DE was observed, the statistical analysis showed no significant differences between
the three groups with respect to the level of participation.
Conclusion: This study found a relatively high prevalence of abnormal eating patterns with Bulgarian female athletes, as measured by EDE-Q. Eating disorder behavior is a prerequisite for increased
risk of mental eating disorders and serious health problems.
Key words: disorder eating, female athletes, EDE-Q, prevalence rate

INTRODUCTION
In recent years the syndrome of Female athlete triad has come into public view, because
it is a potentially serious condition that significantly impairs the physical health or psychosocial wellbeing of athletes. Female athlete
triad consists of three interrelated components
– eating disorders, menstrual irregularities and
low bone density. In the last Consensus Statement (2014) each of the three components is
defined as a wide spectrum ranging from optimal condition to clinical manifested disease
(De Souza, et al., 2014).
Journal of Applied Sports Sciences
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According to current concepts the initiating and causative factor for the triad is the low
energy availability, which in turn affects the
menstrual function and bone density through a
cascade of events. Most often the energy deficit is due to the wide spectrum of abnormal
eating attitudes, which range in severity. Desiring to enhance their performance, to achieve
or maintain unrealistically low weight or to
achieve a lean appearance some females engage in pathogenic weight-control behaviors
such as frequently skipping meals, fasting and
starvation, binge-eating followed by purging,
DOI: 10.37393/jass.2017.02.5
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use of weight loss pills, laxatives, diuretics,
excessive exercise. These pathological eating
behaviors often have sub-clinical manifestations and do not meet the clinical diagnostic
criteria for mental disorders (anorexia nervosa, bulimia nervosa and binge eating disorder)
and are classified as other specified feeding or
eating disorders (OSFEDs) in Diagnostic and
Statistical Manual of Mental Disorders: Fifth
Edition (DSM-5).
In the last decade, a number of studies
have found, that athletic population is at higher risk of eating disorders (EDs) than the general population (Byrne, McLean, 2002; Beals,
Hill, 2006; Nichols et al., 2006, 2007; Pernick
at al., 2006; Sundgot-Borgen, 1993; Torstveit
et al., 2007) Athletes are more susceptible to
EDs because they are more obsessive about
their weight and are highly motivated to diet in
order to improve their performance and physical appearance. Although numerous studies
reported eating disturbances to be more prevalent among female athletes, data are not quite
unambiguous, because some authors did not
establish significant differences between athletes and non-athletes (Ashley et al., 1996;
Thompson, Gabriel, 2004) or even found
higher prevalence among the controls (Rosendahl et al., 2009; Martinsen et al., 2010).
Due to heterogeneity of study samples of
athletes there is still conflicting information
about the prevalence of EDs with respect to
the nature of the sport and competitive level. It is suggested there is higher prevalence
among athletes in sports that promote leanness for performance or aesthetic reasons. The
subjective evaluation and the strive to achieve
“ideal body type” make athletes susceptible to
the development of Eds (Harris, Greco, 1990;
Rosen, Hough, 1988; Sundgot-Borgen, 1994,
1996; Sundgot-Borgen, Corbin, 1987; Sundgot-Borgen, Larsen, 1993.
Some authors found increased risk of EDs
among elite athletes, as compared to recreational and lower competitive level athletes

(Picard, 1999; Johnson et al., 1999).
The results for different countries and subpopulations also show large variations due to
various reasons including intercultural differences, eating habits and behaviors (Welch et
al., 2011).
Various psychometric measures are used
for assessment of the severity and specific
types of DE behaviors among athletes. Among
questionnaires used Eating Disorder Examination Questionnaire (EDE-Q) is considered
the gold standard for assessment of the eating
disturbances among different population and
subpopulation groups. Its criterion validity
has been reported by numerous authors (Lavender et al., 2010; Luce et al., 2008; Mond et
al., 2008).
The aim of this first for Bulgaria study was
to examine by the means of EDE-Q (1) the
prevalence of eating disorder (DE) attitudes
and behaviors among Bulgarian female athletes and (2) to estimate how eating disorders
vary across the nature of the sport and level of
proficiency.
MATERIALS & METHODS
Subjects
The subject sample consisted of 363 female athletes. 206 of them (between 19 and 25
years old) were students at the National Sports
Academy of Sofia. Additionally, 157 female
students (aged between 12 and 18 years attending the Secondary Sports School) participated in the survey.
Informed consent was obtained from all
subjects or their parents. The participants were
also asked to provide information about their
age, sports experience, participation in competitions and competitive level. BMI was calculated based on participant’s data for height
and weight.
For the purposes of the study, we divided
the subjects into groups according to the type
of sport and level of participation.
Depending of the type of sport, 2 sub43
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groups were formed – aesthetic and non-aesthetic sports. The current study defined the
aesthetic sports as sports (1) which place emphasis on the body appearance and (2) success
depends on judge’s subjective evaluation. In
this group we included 99 female athletes in
the following sports: rhythmic gymnastics –
50; artistic gymnastics – 5; aerobic gymnastics – 10; sports acrobatics – 9; dance sport –
24, figure skating – 1. The non-aesthetic sports
group consisted of 264 athletes in the following sports: ball games – 85, racket sports – 16,
track and field – 23, combat sports – 24, winter and ice sports – 16, rowing – 12, cycling –
6, swimming – 17, fitness – 45, shooting – 14,
fencing -6.
The female athletes were also categorized
in three groups with respect to the level of athletic participation as follows:
Noncompetitive athletes/exercisers (NC) –
recreational athletes engaged in regular sports
activities at least twice weekly without participating in competitions.
Low competitive level (LCL) – non-elite
athletes engaged in regular sports and competing on regional and national level.
High competitive level (HCL) – elite athletes engaged in regular trainings and participating in international competitions.
This research received approval from Ethical board of National Sports Academy in Sofia.
Screening for eating disorders
All athletes completed an anonymous paper-based EDE-Q (Fairburn, Beglin, 2008)
EDE-Q is a 28-item self-report instrument,
which assesses the eating disorder attitudes by
4 subscales (restraint, eating concerns, weight
concern and shape concern) and a global
score, which is derived as an average of the
score of the subscale scores. All items refer
to the preceding 28 days, and frequency or

intensity is rated on seven-point Likert scale
ranging from 0 (no days) to 6 (every day). Additionally, EDE-Q consists of 4 questions for
screening of the following pathogenic behaviors: binge eating episodes, and self-induced
vomiting, laxative misuse for controlling the
body weight.
We used the following criteria to classify
the female athletes with DE: (1) a cutoff score
of 4.0 or greater; or (2) eating behavior like
binge eating, self-induced vomiting and use
of laxatives, which was practiced on >2 of the
previous 28 days; or (3) excessive exercise for
controlling the weight at least five times per
week over the past 28 days.
Statistical analysis
Statistical analyses were performed with
the use of SPSS-23. Descriptive statistics
(mean ± standard deviation) were computed
for anthropometric measures as well as for
EDE-Q subscale scores and for global score.
Independent t-test was used to compare age
and physical characteristics of the athletes in
aesthetic and non-aesthetic sports and ANOVA statistics was used for evaluation of differences in the same parameters between the
three groups according to competitive level.
DE was reported as both a continuous and a dichotomous variable. The differences in EDEQ scores of the studied groups were examined
by nonparametric tests Mann-Whitney U-test
and Kruskal-Wallis test.
Chi-square analyses were conducted to
compare differences in percentage of athletes
with DE according to sport type and competitive level.
RESULTS
The descriptive analysis of the age and
anthropometric characteristics of the studied
groups according to sport type and level of
athletic participation is presented in Table 1.
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Table 1. Subject characteristics (mean ± SD)
Groups

N

Age (years)

Aesthetic sports

99

18,57±3,77

Sports
experience
9,70±4,32

Other sports

264

18,75±3,07

6,55±3,93

168,25±8,55

58,84± 8,59

19,69±5,05

NC athletes

47

20,53±2,31**

5,59±5,02

167,04±8,77

56,30±7,36*

20,19±2,38*

LCL athletes

215

18,12± 3,41

8,14±3,97

166,82±8,52

55,66±9,67

19,91±2,47

HCL athletes
101
* p<0.05; **p<0.01

19,09±2,99

9,37±3,77

167,73±7,16

58,49±8,71

20,73±2,31

The comparison showed that the female
athletes from aesthetic sports are, on average,
shorter and lighter than sportswomen from the
other sports. The BMI was also lower in aesthetic
sports group.
No differences in height were observed when
compared athletes, according to their competitive
level (recreational, non-elite and elite athletes), but
the noncompetitive athletes are significantly older,
heavier and with higher BMI than the other two
groups.

Height (cm)

Weight (kg) BMI (kg/m2)

164,04±6,27** 50,38±7,85** 18,86±2,35*

Table 2 summarizes the mean scores of EDE-Q
of the examined groups. There were no differences
between the athletes in the subgroups with respect
to any of the EDE-Q subscales. The mean scores
of EDE-Q scales varied between: 1.22–1.72
for “Restraint” subscale, 0.59–0.84 for “Eating
concern” subscale, 1.59–2.04 for “Shape concern”
subscale, 1.46–1.81 for ‘Weight concern” subscale,
1.24–1.58 for “Global score”.

Table 2. EDE-Q scores (mean ± SD)

1,27±1,49

Eating
concern
0,81±1,11

Shape
concern
1,89±1,65

Weight
concern
1,63±1,41

Global
score
1,40±1,24

Other sports

1,43±1,39

0,80±0,88

1,89±1,47

1,65±1,46

1,44±1,12

NC athletes

1,22±1,38

0,59±0,69

1,59±1,40

1,46±1,41

1,24±1,04

LCL athletes

1,27±1,30

0,83±0,95

1,89±1,52

1,61±1,44

1,45±1,15

HCL athletes

1,72±1,63

0,84±1,01

2,04±1,55

1,81±1,46

1,58±1,24

Groups
Aesthetic sports

Restraint

* p<0.05; **p<0.01

The comparison showed that the female athletes from aesthetic sports are, on average,
shorter and lighter than sportswomen from the
other sports. The BMI was also lower in aesthetic sports group.

Table 2 summarizes the mean scores of EDEQ of the examined groups. There were no differences between the athletes in the subgroups
with respect to any of the EDE-Q subscales.
The mean scores of EDE-Q scales varied between: 1.22–1.72 for “Restraint” subscale,
0.59–0.84 for “Eating concern” subscale,
1.59–2.04 for “Shape concern” subscale,
1.46–1.81 for ‘Weight concern” subscale,
1.24–1.58 for “Global score”.

No differences in height were observed when
compared athletes, according to their competitive level (recreational, non-elite and elite athletes), but the noncompetitive athletes are significantly older, heavier and with higher BMI
than the other two groups.
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Table 2. EDE-Q scores (mean ± SD)

1,27±1,49

Eating
concern
0,81±1,11

Shape
concern
1,89±1,65

Weight
concern
1,63±1,41

Global
score
1,40±1,24

Other sports

1,43±1,39

0,80±0,88

1,89±1,47

1,65±1,46

1,44±1,12

NC athletes

1,22±1,38

0,59±0,69

1,59±1,40

1,46±1,41

1,24±1,04

LCL athletes

1,27±1,30

0,83±0,95

1,89±1,52

1,61±1,44

1,45±1,15

HCL athletes

1,72±1,63

0,84±1,01

2,04±1,55

1,81±1,46

1,58±1,24

Groups
Aesthetic sports

* p<0.05; **p<0.01

Restraint

On the basis of pre-established cutoff
score of 4 on EDE-Q scales and the presence
of pathological eating behavior we found the
same prevalence rate of disordered eating with
female athletes in both aesthetic sports (33.3%,
n=33) and non-aesthetic sports (31.8%, n=84)
(table 3). Statistically significant differences
in incidents of scores ≥4 in subscales of the
EDE-Q between both subgroups according
to sports type were not detected, except the
higher Global score in aesthetic sports. Global
EDE-Q scores between 4 and 6 indicate eating
disorder tendencies.
Regarding the pathological eating behaviors and exercise habits that are a prerequisite
for a higher risk of eating disorders we found

significantly higher prevalence rate only in
self-induced vomiting in female athletes in
aesthetic sports.
With respect to the level of participation
there was a strong trend of increasing the percentage of sportswomen with a higher level of
athleticism. The prevalence of EDE-Q scores
≥4 or DE behaviors in the group of noncompetitive athletes was 21.3%, in low competitive
level athletes was 33.5% and in elite athletes
was 34.6%. Although the tendency of increasing the incidents with DE was observed, the
statistical analysis showed no significant differences between the three groups in both the
EDE-Q subscales and pathological behaviors.

Table 3. Proportions of female athletes with DE
EDE-Q subscales/
pathogenic behaviors
Restraint

Sport type subgroups
Aesthetic
Other
sports
sports
(n=99)
(n=264)
7.1% (n=7)
4.9% (n=13)

Level of athletic participation subgroups
NC
HCL
LCL athletes
athletes
athletes
(n=215)
(n=47)
(n=101)
2.1% (n=1)
4.2% (n=9) 9.9% (n=10)

Shape concern

18.2% (n=18)

11.4% (n=30)

8.5% (n=4)

12.6%(n=27) 16.8% (n=17)

Weight concern

8.1% (n=8)

8.3% (n=22)

4.3% (n=2)

7.9% (n=17) 10.9% (n=11)

Global score

*7.1% (n=7)

1.9% (n=5)

0% (n=0)

Binge eating

28.3% (n=28)

Self–induced vomiting

*4.0% (n=4)

0.7% (n=2)

2.1% (n=1)

1.4% (n=3)

1.9% (n=2)

Use of laxatives

7.1% (n=7)

6.1% (n=16)

4.3% (n=2)

6.1% (n=13)

7.9% (n=8)

Excessive exercise

15.2% (n=15)

23.1% (n=61)

14.9% (n=7) 22.8%(n=49) 19.8% (n=20)

Disordered eating a

33.3% (n=33)

31.8% (n=84) 21.3%(n=10) 33.5%(n=72) 34.6% (n=35)

3.3% (n=7)

4.9% (n=5)

37.5% (n=99) 34.0%(n=16) 35.4%(n=76) 34.6% (n=35)

Mean score ≥4 of Weight, Shape, or Restraint subscale or Global score; or reported pathogenic eating behavior on
≥2 d; or practicing excessive exercise ≥5 d in the past 28 d; * p<0.05
a
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DISCUSSION
These results are part of the first study on
the prevalence of eating disorder symptoms
among the athletic population in Bulgaria.
The mean values of the EDE-Q subscales
and the Global score did not differ significantly between studied groups.
However, this study found that nearly onethird of the female athletes were experiencing eating disturbances and many of them had
more than one symptomatic score.
In this sample between 0% and 10.9% of
the female athletes scored in the clinically
significant for disordered eating range on the
Restraint, Weight concern and Global score
scales. The exception is Shape concern with
higher percentages ranged between 8.5% and
18.2%. The Shape concern category measures
the individual’s fear of fat accumulation and
weight gain, which is associated with dissatisfaction with body shape. Therefore, the high
scores of this scale are not surprising not only
for the athletes from aesthetic sports, but for
all young women who are concerned about
their appearance.
Regarding behavioral features, we identified a high percentage of female athletes with
binge eating behaviors as consumption of an
unusually large amount of food and a loss of
control over eating (28.3% - 37.5%). Compared to the data for the general population
(15.5%), these results show a significantly
higher incidence of this psychopathological
eating behavior among athletes (Petrova et al.,
2017).
The observed in this study higher incidents
of DE in aesthetic sports in terms of Global
score of EDE-Q and self-induced vomiting is
consistent with higher rates of DE established
for this athlete group by other authors (Smolak
et al., 2000; Reinking, Alexander, 2005; West,
1998). Global EDE-Q scores between 4 and 6
indicate eating disorder tendencies.
The comparisons revealed that there were
no group differences with respect to the ath-

letic level of participation. These results are
not consistent with the study of Thompson&
Gabriel (2004) who found higher prevalence
of ED among non-competitive athletes as
compared to competitive and with found by
Picard (1999) more signs of pathological eating among athletes at higher levels of competition. Despite the lack of statistically significant differences in the prevalence rate of
eating disorders among athletes from different
levels of athleticism, there is a marked tendency of increase in the percentage with the level
of proficiency.
This pilot study is limited by the fact that
all participants were recruited from National
Sports Academy “V. Levski” and Secondary Sports School, where they were students
at the moment of investigation. In addition, research has not taken into account the amount,
type, and intensity of exercise performed from
athletes.
CONCLUSIONS
This study found a relatively high prevalence of abnormal eating patterns among Bulgarian female athletes, as measured by EDEQ. Disordered eating behavior is a prerequisite
for increased risk of mental eating disorders
and serious health problems. Our data suggest
a higher risk for susceptibility to developing
eating disorders with female athletes in aesthetic sports. They have a higher percentage
of scores in the clinically significant range on
Global score of EDE-Q and the score obtained
for self-induced vomiting is higher than in the
other sports. Although, no differences were
established between athletes at different levels
of participation, we observed such a tendency.
More research is needed to gain a deeper insight into the problem.
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WINGATE ANAEROBIC TEST: ADDITIONAL
PHYSIOOLOGICAL INTERPRETATION
Dorothea Stefanova, Borislava Petrova
National Sports Academy “Vassil Levski”, Sofia, Bulgaria
ABSTRACT
The Wingate Anaerobic Test (WAnT) is the most commonly used test for the assessment of anaerobic
power and anaerobic capacity of athletes. The well known parameters recorded during the WAnT routine procedure in our opinion could be subjected to additional analysis generating substantial additional
physiological data. The aim of this study was to develop a new, easy to set up method estimating the relationship between the contribution of the anaerobic and aerobic energy systems in athletes performing
WAnT. A parallel registration of WAnT parameters and the oxygen consumption breath by breath was
done. Thus, the indicators for the activity of the aerobic and anaerobic systems, ensuring the physical effort in each segment (in seconds) of the test, were calculated. The proposed method was introduced and
applied to twelve soccer players, 14 years of age; height 164,7±8,0 cm; body weight 50,7±9,2 kg; maximal heart rate 195,7±7,0 bpm; maximal oxygen uptake 58,1±9,9 ml.kg-1. Participants were tested twice,
before and after 5 months specialized training program focussed on the improvement of speed/power
and endurance. Statistically significant progress was found in: Total power output by 16,4%; O2 deficit
by 32,4%; O2 deficit/O2 excess by 80,3% in favor of the deficit. It was established that the differences in
the calculated physiological parameters during the performance of the WAnT before and after the fivemonth training program are more pronounced compared to the ergometric ones, especially with regard
to the participation of each system in energy processes. The results indicate that the proposed physiological parameters are of high sensitivity and reflect strong associations with the metabolic changes
in response to the training modalities. The method is easy to implement, allowing quick analysis of the
individual results and its application in exercise physiology laboratories and the sports practice could
be beneficial.
Key words: Wingate Anaerobic Test, oxygen uptake, oxygen deficit, power output

INTRODUCTION
The Wingate Anaerobic Test (WAnT) is
the most commonly used test for the direct
assessment of anaerobic power and an indirect assessment of the anaerobic capacity of
athletes. Anaerobic capacity is an important
parameter that determines fitness and the performance of the athletes not only in short-term
high-intensity sprint/power sports (100 m, 200
m ) but also in sports requiring multiple sprints
( soccer, basketball, volleyball), as well as in
sports disciplines of longer duration. DeterJournal of Applied Sports Sciences
2017, Vol.2, pp. 50-62
ISSN 2534-9597 (Print), ISSN 2535-0145 (Online)

mining the amount of anaerobic energy supply during physical efforts is difficult from
a methodological point of view. The most
commonly used method for determination
of the anaerobic capacity is the MaximalAccumulated Oxygen Deficit Method (MAOD)
(Medbo,1988;
Medbo,Tabata,1989,1993).
Green (1995) defined МAOD as an estimation of the total amount of ATP resynthesised
via anaerobic metabolism by the whole body
during short duration high-intensity exercise. In the original protocol used by Medbо
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et al, (1988) a linear relationship between
power output (PO) and oxygen consumption
VO2 (Medbo, Tabata,1989;1993) is established for each individual. This relationship is
extrapolated to supramaximal exercise intensities and the VO2 demand corresponding to
supramaximal workloads is predicted. When
this VO2 demand is multiplied by the duration
of the exercise bout, the accumulated VO2 demand is estimated. The MAOD is calculated
by subtracting the accumulated VO2, measured
during the exercise bout, from the estimated
accumulated VO2 demand (Noordhof, 2010).
The main barrier to the wide use of maximal
accumulated oxygen deficit is the considerable time required to complete several sub- and
supra-maximal exercise sessions (Zagatto,
2016). The method required the participant to
perform a VO2 maximal test, several (the best
10) submaximal pre-tests of 4 minutes duration and a supramaximal exercise test.
The researchers‘ efforts were focussed on
finding ways to reduce these time-consuming
procedures (Zagatto, 2016; Bertuzzi et al,
2010).
Few studies pointed out that deficiency of
the method is that MAOD power are capacity values which do not provide information
about the distribution of anaerobic energy during exercise (Noordhof et al, 2013; Seresse et
al, (1988).
Beneke R et al, (2002) explored for the
first time the energy requirements of WAnT
based on all energy contributors such as high
energy phosphates, glycolysis, and oxidative
metabolism. For this purpose, they measured
VO2 data during the test and 30 minutes after
its termination, blood lactate concentration at
short intervals during the recovery period and
the ergometric parameters from WAnT. The
results supported the finding that WAnT metabolism is highly anaerobic, showing that
80% of the energy turnover during WAnT is
derived from anaerobic alactic and lactic acid
metabolism (predominantly by glycolysis).

When using computerized Wingate test
procedure, the key parameters are automatically recorded: Peak Power in Wats; Relative
Peak Power per body weight; Average power,
defined as Anaerobic Capacity; Anaerobic Fatigue index.
These parameters are well known and
used for the analysis of the Wingate test performance. However, in our opinion the data
obtained could be subjected to additional
analysis resulting in the generation of new
substantial physiological data set. On the basis of these new physiological information the
assessment of the athletes‘ potential in successfully competing in a particular sport and
the athletes‘ response to the training protocols
would be more precise.
The aim of this study was to develop a
new, easy to set up method estimating the relationship between the contribution of the anaerobic and aerobic energy systems in athletes
performing Wingate anaerobic test.
We hypothesized that using this method,
the potentially beneficial changes in the relationship between anaerobic and the aerobic
capacity in response to sport training could be
identified and assessed objectively.
METHODOLOGY
Description of the method
In order to develop a new testing method
for analysis of the Wingate test results we had
to apply a specific methodological approach
which consists of a parallel registration of
WAnT parameters and the oxygen consumption breath by breath of the participants during
the performance of the test.
We have to emphasize that the new method requires the registration of the data for the
power output (W. s-1) and oxygen consumption
(VO2ml.s-1) for each second during the period
of thirty seconds when performing the WAnT.
The registered results and the subsequent calculations of one participant as an example are
presented in Table 1 as an example.
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Table 1. Ergometic and respiratory indices co-registered and calculated when performing Wingate test

s

1
2
3
4
5
6
7
8
9
10
Sum

W

594,8
629,3
631,6
645,4
607,2
628,5
609,9
592,5
560,6
583,9

VO2

VO2 de-

O2

uptake

mand

deficit

)ml.s-1(

)ml.s-1(

)ml.s-1(

17,7
19,2
19,2
21,5
18,3
18,3
21,2
18,9
18,9
21,4

37,1
38,8
38,9
39,6
37,7
38,7
37,9
37,0
35,5
36,6

-19,4
-19,6
-19,7
-18,0
-19,5
-20,5
-16,6
-18,1
-16,6
-15,2

s

11
12
13
14
15
16
17
18
19
20

W

540,9
555,7
529,3
522,8
508,6
518,0
478,4
484,7
458,1
433,7

VO2

VO2 de-

uptake

mand

)ml.s-1(

)ml.s-1(

21,4
18,8
29,9
30,7
30,7
28,8
33,3
34,1
34,1
35,9

34,6
35,3
34,0
33,7
33,0
33,5
31,6
31,9
30,6
29,4

O2
deficit/
excess
(ml.s )
-13,2
-16,5
-4,1
-3,0
-2,4
-4,6
1,8
2,2
3,5
6,5

s

W

-1

21
22
23
24
25
26
27
28
29
30

441,7
429,3
426,3
396,0
398,1
384,0
375,2
379,8
371,4
364,4
15080,1

VO2

-VO2 de

uptake

mand

)ml.s-1(

)ml.s-1(

38,2
36,0
36,0
37,7
44,1
38,6
35,5
35,5
37,6
42,4
873,9

29,8
29,2
29,1
27,6
27,7
27,1
26,6
26,9
26,5
26,1
981,8

O2
excess
ml.s
)1 (

8,4
6,8
7,0
10,1
16,4
11,5
8,9
8,6
11,1
16,3

W and VO2 uptake are registered by computers
VO2 demand = ((W*0,239)/5)+VO2ml.s-1from last 5s of acceleration phase (here 8,7);
VO2 deficit or VO2 excess = VO2 uptake-VO2 demand

From the obtained data, the oxygen demand for the performance at the given load
has to be calculated.This requires the determination of the oxygen equivalent of the respective watts values, converted into calories (e.g.
1W = 0,239 cal.s-1).
It is known that during a supramaximal
exercise, besides limited muscle creatine
phosphate reserves, only carbohydrates (glucose, mainly derived from muscle glycogen
reserves) deliver energy, so that 1 ml O2.s1
consumed during WAnT releases energy
equal to 5,047 cal.s-1 or energy of 1cal.s-1 is
produced approximately by 0,2 ml O2.s-1. In
addition to the obtained values, the mean values of VO2ml.s-1 from the 5 seconds accelera-

tion phase of each individual (e.g. = 8,7 ml.s-1)
has been included in the calculations shown
in Table 1. Obviously, the outcome from the
subtraction the VO2 demand from the actual
measured VO2 consumption represents the
O2 deficit (see the results presented with a minus sign in Table 1). From the example presented in Table 1, we observed that the first 12
seconds of the test are highly anaerobic. The
results indicated that the anaerobic component
lasts up to 16 seconds, but from 12th to 16th
seconds it is much less pronounced. It should
be pointed out that in the second half of the
test oxidative metabolism component has
shown noticeable increase (Figure 1).

Fig. 1. Oxygen uptake (ml.s-1) and Oxygen demand (ml.s-1) during WAnT
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Using the above-mentioned data, additional information can be obtained about the
relationship between aerobic and anaerobic
energy supply of physical effort in WAnT by
calculating the parameters presented in Table
2. Since the test aims to determine the anaerobic ability of the person, it is of particular importance to determine the relationship
between oxygen deficit (as a marker for anaerobic power) and the excess amount oxy-

gen needed during the test performance to pay
off the deficit. It is expected that as a result of
speed and power training, the O2 deficit will
increase and its payout during the test will begin later. The data of the Watts values obtained
when performing the anaerobic component
and the percentage contribution to the Total
power output (W30 s) can also be added to the
Wingate ergometric data.

Table 2. Physiological parameters calculated on the basis of the results
presented in Table 1.
Calculated parameters
)Total power output (W30 s
)Total O2 uptake (ml/ 30 s

)O2 deficit (ml/30 s
) O2 excess (ml/30 s
)%( O2 deficit/O2 excess
Watts performed anaerobic
)%( W anerobic/TotalW

Participants
Twelve young soccer players   (14 years
of age; height 164,7±8,0 cm; body
weight 50,7±9,2 kg; maximal heart
rate 195,7±7,0 bpm; maximal oxygen uptake 2893,9±654,9 ml.min-1; 58,1±9,9 ml.
kg-1), who were familiar with exhaustive
exercises, volunteered to participate in this
study. The subjects were fully informed about
the details and discomfort associated with
the experiments before the participants and
their parents gave their informed consent to
volunteer.
Exercise testing procedures
The participants were tested twice at the
beginning (Testing I) and after 5 months of
training period (Testing II). Testing I consisted of two separate sessions with an interval of
48 hours between sessions. In the first session
the participants performed a maximal incremental exercise test to measure the maximal
oxygen uptake (VO2max test). In the second
session the 30second Wingate Anaerobic test
(WAnT) was performed. Testing II included

value
15080,1
873,9
226,9
119,0
190,7
4746,9
31,5

only the WAnT performance.
Maximal incremental exercise test
The maximal incremental exercise test for
the determination of VO2max was carried out
on an treadmill H/P/Cosmos, (Nussdorf-Transtein, Germany) under a modified ramping
protocol “Balke for children ”, with constant
speed 8.4 km/h, step duration of 30 seconds,
initial slope of 0% and an increase in the slope
of each step by 0,6% up to exhaustion. In order to attain maximal values participants received verbal encouragement to continue for
as long as possible. Oxygen uptake (VO2) was
measured breath-by-breath throughout the test
using a portable gas analyzer MetaMax 3B-R2
(Leipzig, Germany) and was subsequently averaged over 30 s intervals.The VO2max was
recorded as the oxygen uptake measured during the last 30 s of the test.
30-Wingate Anaerobic Test
The 30-WAnT was performed on a mechanically braked cycle ergometer (Monark,
894 E, Stockholm, Sweden) as described by
Inbar et al. (Inbar O,1996).
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Research design
The young soccer player performed the
WAnT twice – at the beginning of the preparatory period of training (Test I) and at the beginning of the competitive period (Test II).
Experimental training protocols for improvement the speed/power and endurance of
the recruited soccer players were developed
and applied. Additional intensive workloads
were performed in the main part of some training activities, when marked fatigue was accumulated. This approach was considered to be
appropriate for developing speed endurance in
groups of young athletes (Peev, 2017).
It is expected that as a result of speed and
power training, the O2 deficit will increase
and its payout during the test will begin later.
The data of the Watts values obtained when
performing the anaerobic component and the
percentage contribution to the Total power
output (W30 s) can also be added to the Wingate ergometric data.
The proposed method was introduced and
applied to soccer players subjected to testing
procedures at the high-performance exercise
physiology laboratory at the Center for Scientific and Applied Rsearch in Sport at National
Sports Academy, Sofia, in order to assess the
impact of the 5 months training program on
young soccer players.

In addition, the subjects were connected
to the portable gas analyzer MetaMax 3B-R2
(Germany) to allow the respiratory parameters
to be recorded simultaneously with the power
output realized during the test.
The test started with a standardized warming up of 5 min cycling at 60 W and 60 revolution/min including two sprints, each lasting
3 s, performed at the end of the 3rd and the
5th min. The seat height and handle were individually adjusted for the subject’s comfort,
with the legs being nearly fully extended during each pedal revolution. After 5-min rest
the subjects were instructed to pedal as fast
as possible for 30 s. A resistance corresponding to 7.5% of the body mass was applied after
an acceleration phase lasting 5s. Verbal feedback to the time remaining was provided at
15, 10, and 5 s of remaining time while verbal
encouragement was given. The subjects continued pedaling after completion of the test
with no load for several minutes to cool down.
Statistics
Results are expressed as mean ±SD. In
view of the relatively small sample size, the
statistical significance of the study was calculated with the X2-criterion of Pearson (Chi
Test - Excel). Statistical significance was accepted at the P<0.001 level. In spite of its
qualities, the Chi Test  does not indicate which
of the indicators used has the advantage over
others, nor which athlete has shown the best
results as an outcome of the conducted training program.   For this purpose, we used the
percentage differences in each individual between the testings, and the average values for
the entire team were calculated with the formula:
∑ (TII/TI – 1)*100/n, or average ∑ (TII/TI –
1)*100/n
where TII (Testing II) and TI (Testing I) are
the data for every parameter of an individual,
divided by the sample size (n).

RESULTS
The mean values of the parameters reported during the routine performance of the 30
second Wingate anaerobic Test are shown in
Table 3 and those obtained by examining the
physiological parameters characterizing the
type of energy supply for this type of physical
effort are presented in Table 4.
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Table 3. PeakPower output, Average power and Fatigue index (PD%) in response to Wingate Test
before (Test I) and after (Test II) five months of speed/ power and endurance training in young
soccer players (mean values ±SD).
Parameter
)PP (W
)AP (W

% PD

Test Mean SD % Dif II-I Chi Test
I
742,2 152,3
11,5
α<0,001
II 817,9 148,8
I
540,7 103,4
15,1
α<0,001
II 620,4 115,6
I

50,0

10,0

II

50,3

10,2

1,3

α<0,548

PP – Peak power in watts; AP – Average power in watts; PD % - Power drop %

The 14 years old soccer players are distinguished by their high accomplishment in
performing of the WAnT. Peak Power (PP),
Anaerobic Power (AP) and Power Drop %
(PD%) were significantly close to adult scores.
The data in Table 3 showed a statistically significant improvement in power output after
the five months training program compared
to those obtained before the beginning of the
training, with the only exception the fatigue
index (α <0,548). However, it is noteworthy

that the percentage differences found in this
study and used to assess the effect of the training are in fact in a very narrow range (between
11,3% and 15,1%). Therefore, it is not possible to give priority to any one of the parameters in order to evaluate the results objectively.
Figure 2 illustrates the activity of the respiratory system during the 30-second supraximal load, where O2 uptake is still present from
it‘s beginning and continues to grow to the
end.

Fig. 2. O2 uptake (ml.s-1) of young soccer players during Wingate Anaerobic Test.
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A high Chi Test difference was observed
(Table 4) between the two investigations in all
of the introduced physiological parameters,
reflecting the impact of the fulfilled specific
training program. Furthermore, the differences vary within a very wide range - from 6,9%
to 80,3%. In Test II total power output was

increased by 16.4% compared to Test I, but
the increase in O2 uptake was more than twice
lower – 6.9%. The O2 deficit is 32.4% higher
after the performance of the 5-month training
which reflects in the very small O2 excess (9.1
%) at Test II.

Table 4. Physiological parameters for assessment of the anaerobic and aerobic energy contribution during Wingate test (mean values±SD) and the difference between Test I and Test II (II-I %)
in response to five weeks of speed/power and endurance training.
Calculated parameters

Test

Mean(n12)

SD

Total power output (W 30s)

I

15667,6

2911,7

II

18194,8

3348,8

I

959,0

193,9

II

1004,4

149,5

I

280,1

78,2

II

370,8

124,2

I

126,5

49,8

II

118,1

72,3

I

251,4

105,9

II

419,7

243,8

I

5860,4

1635,0

II

7757,7

I

37,1

Total O2 uptake (30 s)
Oxygen deficit (ml)
Oxygen excess (ml)
O2 deficit/O2 excess (%)
W performed anaerobic
W anaerobic/Total W (%)

The relationships between anaerobic and
aerobic participation in the test are illustrated
in Figures 3 and 4. At the start of Test II, energy needs are satisfied with the provision of
significantly more anaerobic energy, which
continues until the 19th second. In comparison, when performing Test I where the O2 deficiency is lower anaerobic work is terminated

% II-I

Chi Test

16,4

α<0,001

6,9

α<0,001

32,4

α<0,001

9,1

α<0,001

80,3

α<0,001

2599,3

32,4

α<0,001

6,1

14,6

α<0,001

at the 15th second (Figure 3). The observed
80,3% increase between Test I and II in O2
deficit /O2 excess (%) is in favor of the deficit.
The impact of the training is also reflected in
the 32.4% increase in anaerobic power output
during Test II. The ratio of the anaerobically
produced watts to the total power output is increased by 14.5%.

56

JOURNAL of Applied Sports Sciences 02/2017

Fig. 3. Differences between the O2 deficit before (Test I) and after (Test II) five months
training program in young soccer players.

Note: Test II was performed with a larger and longer accumulation of O2 deficit, in comparison
with Test I.

Fig. 4. Payment of the O2 deficit through the excess of O2 before (Test I) and after (Test II) five
month training period of young soccer players
Note: The payment of O2-deficit during Test II begins later and O2-excess is with a smaller volume.
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DISCUSSION
This study investigated the relations between anaerobic and aerobic performance of
pubertal (age 14) male soccer player and the
method that we offered for calculation of the
physiological parameters has shown considerable potential for assessing the anaerobic
ability of athletes, as well as the changes in
this ability as a result of training.
Anaerobic fitness, during growth and development of athletes, has not received the
same attention from researchers as aerobic
fitness. This is surprising given the level of
anaerobic energy used daily during childhood and adolescence (Sargeant, 1989). During physical activity and sport, the child is
spontaneously more attracted to short-burst
movements than to long-term activities. Many
authors suggest that the pediatric population
spends most of its time in play and recreation
activities that require short bursts of activity followed by rest. It relies more heavily
on a supply of energy from anaerobic means
than aerobic means than aerobic means (Van
Praagh, 2000; 2007; Van Praagh, Dole, 2002).
Short-term high intensity tests are good tests
for assessment of the functional capacity in
children because they are similar to their habitual physical activity patterns in duration
and intensity (Sargeant,1989). According to
Amstrong et al, 2001, a small number of longitudinal studies examine the anaerobic performance of children using the Wingate Anaerobic Test.
The results of current study of young soccer players show that peak power and average
power are similar to those found in elite soccer players (Al-Hazzaa et al, 2001; Gharbi Z
et al, 2005; Smith, Hill,1991) or slightly lower
(Ponorac et al, 2007; Popadic,2009). This
contradicts the opinion of Van Praagh (2007)
about the lesser ability of children to generate mechanical energy from chemical energy
sources during short-term high-intensity work
or exercise. Тhe training protocol applied in

our study had positive effects on athletes’
performance, with peak power and average
power results showing relatively close improvements, while the fatigue index (PD %)
remained unchanged.
The opinions of the experts about which
of the parameters considered in the WAnT are
the best for the assessment of the anaerobic
ability of athletes are not uniform. According
to Driss, Vandewalle (2013) the fatigue index
is the least reliable of the three Wingate test
indices, and its validity was questioned as it
largely depends on the aerobic performance.
Consequently, peak power and mean power
output were the main topics considered and
discussed in most of the studies (Vandevalle
et al,1985; Armstrong et al, 2001; Peev,2017).
Nonetheless, the validity of mean power as an
index of anaerobic capacity is as questionable
as the validity of the fatigue index. Therefore,
peak power during Wingate test is probably
the only index that merits to be measured
(Driss,Vandewalle, 2013). This supports our
view that expanding the physiological parameters measured and evaluated during the
WAnT, would be necessary and useful for further implementations in laboratory protocols
and sports practice.
The differences in calculated physiological parameters during the performance of
the WAnT before (Test I) and after (Test II)
following at the end of five months training
period are more pronounced compared to the
ergometric parameters, especially with regard
to their contribution and participation in the
anaerobic energy processes. It should be noted
that energy for exercise is not merely the result of a series of energy systems switching on
but rather the smooth blending and overlap of
the body‘s three energy systems (alactic, lactic and aerobic). Therefore, we use the terms
“anaerobic” and “aerobic” to mainly indicate
the predominance of one or the other type of
metabolic process.
The Wingate test allows power output and
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oxygen uptake to be investigated during various segments of the duration of the test.
Our measurements showed that at the beginning of the test, in the very first second,
oxygen consumption is already available. Our
results also indicate that as the pedalling time
progresses VO2 rises, reaching the highest values 3-5 seconds before the completion of the
test. At the end of the test, oxygen consumption reaches an average 86% of VO2 max. It
has been estimated that even less than 1 second may be required to reach peak ATP turnover from ATP-PC stores (Smith, Hill 1991). It
has been accepted that ATP-PC contribution is
100% until peak power was achieved. Nordhof et al, (2010), Serresse et al (1988) considered that these metabolic changes are happening at the 2,5 s point during the test. Sargeant
and Dolan (1987) reported that the peak power
occured 1-4 s into the exercise. Our data about
the time to reach PP obtained from the Wingate test software is shorter (2,082 ± 0,868 s)
and is unaffected by the training done during
the period of 5 months.
The method that we offer can only provide important guidance on the relationship
between the metabolic processes related to
the involvement sequence of energy systems
when athletes are performing the Wingate
test. It has been already noted that our goal
was to look for the possible specific interactions in these relationships, which in turn reflect the changes in the anaerobic ability of the
athletes in response to the training.
The conclusions for the amount of anaerobic energy supply during the performance of
the WAnT could be made on the magnitude of
the oxygen deficit, based on the differences in
the mean values obtained before and after 5
months of training.
At the beginning of the Wingate test the
energy for the initial exercise load is mainly
provided by the anaerobic mechanisms and
gradually the aerobic participation takes on
an increasing share. The relationship between

anaerobic and aerobic estimates of the participation of the energy systems shows a striking
difference when comparing the data obtained
before and after 5 months of training period.
In our study the test results in response to the
applied speed/power and endurance training
protocol indicated a substantial improvement
in the anaerobic abilities of the soccer players
as follows: the oxygen deficit was higher by
32.4% (α <0.001) and the participants were
pedaling four seconds longer under the conditions of O2 deficit. An increase in the anaerobic capacity under the influence of anaerobic
training was observed also by Medbo (1991).
Medbo and Burgers (1990) reported a 10% increase in accumulated oxygen deficit after six
weeks of anaerobic training in a group of five
male and seven female athletes.
The payoff of the O2 deficit accumulated
during the first part of the test was done by
the O2 excess overload measured during the
Wingate exercise. During the Wingate test
performed before the training the payoff starts
from the 16th second forwards and after the
training it starts four seconds later. Also, a significantly higher O2 excess volume, by 9.1%,
was established during the Wingate test after
the training. The plausible explanation of this
finding might be that less energy consumption
is required for the restoration of homeostasis
and this potentially could improve the options
for a subsequent exercise. In the current study
the smaller percentage increase in the VO2
uptake by 6,9% compared to the increase in
the total power output by 16,4% could support
the assumption that a greater metabolic efficiency is one of the plausible outcomes of the
training.
The positive changes in the activation of
the energy systems during the 30-second supramaximal test could markedly alter the percentage of the participation of each system, as
it was increased in favor of O2 deficiency by
80.3% (α <0.001). According to our calculations the watts in % performed by the young
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CONCLUSIONS
The proposed method is focussed on investigating the relationship between the energy systems contributing to the performance of
athletes during Wingate Test. The method is
based on a certain number of easy to execute
and obtain measurements, has clear practical
value, but does not allow in-depth theoretical
analysis. The physiological indicators can be
defined on the basis of simultaneous registration the ergometric and oxygen uptake data of
the Wingate test, allowing precise assessment
of the relative participation of the energy systems when performing supramaximal exercise
load. The results indicate that the physiological parameters are of high sensitivity and reflect strong associations with the metabolic
changes in response to the training modalities.
The method is easy to implement. It allows a
quick analysis of the individual results and its
application in exercise physiology laboratories and the sports practice could be beneficial.

soccer players on the basis of the anaerobic
energy supply augmented from 37,1±11,8 %
of the total power output during the first Wingate test examination to 42,2±10,5% of the
total power output after the 5-month training.
Therefore, in this study the magnitude of the
aerobic contribution to the 30-s high power
Wingate exercise task has been estimated to
be near 60%.
Most of the researchers in the field of accumulated oxygen debt (AOD) reported significantly lower magnitude of the aerobic contribution in the Wingate test by 40% (Medbø,
Tabata, 1985), by 28% (Boulai et al, 1985),
by 20% (Beneke et al, 2002), by 16% (Smith,
Hill, 1991). According to Granier, Mercier
(1995) the participation of aerobic processes
is very significant and depends on the specificity of the particular sports investigated and
might vary from 28% in sprinters to 45% in
endurance sports. Gastin, 2001 provided the
explanation that the possibility of a greater
contribution from aerobic energy sources
might occur in individuals who have a high
VO2 max, faster O2 uptake kinetics, and low
anaerobic powers. These characteristics are
most likely to be found in well-trained endurance athletes.
Meldrum (2004) reported an anaerobic
contribution of 28% to supramaximal exercise
bout in groups of pubertal boys. Inbar O, BarOr O (1986) suggested that the biochemical
correlates of such low anaerobic performance
in children could be related to their lower
maximal lactate concentration in muscle and
blood, lower rate of anaerobic glycolysis and
lower levels of acidosis during maximal exercise. It is noteworthy that the mechanisms of
relatively deficient anaerobic characteristics
in children are not quite clear.
The limitations of the present study are
the small sample size, the limited number of
young soccer teams in the country and the difficulty in obtaining informed consent forms
from the parents.
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ABSTRACT
Exercise is known to cause considerable changes in leucocyte counts and functions. The aim of the
present study was to investigate the effect of exercise on leukocyte counts in athletes of different sporting
codes during the competition time of the season.
Forty-two university athletes voluntarily participated in the study, rugby players, male soccer players, female soccer players and female netball players. Blood samples were collected and analysis for
whole blood count was done in Lancet laboratory, Richards Bay, RSA. Data were analyzed using unpaired t-test for treatment independent samples.
It is noteworthy to point out the higher levels of leucocytes in the netball players than in female
soccer players (6.8 ± 1.24 X 109/L and 6.11 ± 1.28 X 109/L respectively). The lymphocyte levels were
also higher in the netball players than in female soccer players (2.60 ± 0.58 X109/L and 2.16 ± 0.49
X109/L respectively). There were also higher levels of leucocytes in the male soccer players compared to
the male rugby players (6.26 ± 1.97X109/L and 5.46 ± 0.99 X109/L respectively). The lymphocyte levels
were higher in the soccer players than in the rugby players (2.17 ± 0.36 X109/L and 1.85 ± 0.32 X109/L
respectively), but the differences were not significant at p< 0.05.
The changes in leucocytes could be a result (among other things) of the removal of dead cells related
to exercise stress and trauma. It was expected, considering the levels of physical contact, that the leucocyte counts and the lymphocytes in particular were going to be higher among female netball players
and male soccer players. The athletes’ results for the measured blood parameters were within the health
norms. These findings could be related to the less intensive training protocols and lower levels of physical contact and stress in players from the students teams compared to the professional players.
Key words: athletes, exercise stress, leucocytes, lymphocytes.

INTRODUCTION
Training of athletes is intended to ensure
that athletes reach their peak condition and
produce performance which ensures that they
succeed during competition. There is a complex relationship between training and competition. There are, therefore, processes which
can be used to monitor how athletes respond
to training. There are a number of procedures which are used by coaches and sports
scientists to monitor how athletes respond to
both training during preparation for competition and during the competition period itself.
Journal of Applied Sports Sciences
2017, Vol.2, pp. 63-67
ISSN 2534-9597 (Print), ISSN 2535-0145 (Online)

A number of biochemical markers are being
used to monitor fitness and fatigue of athletes
(Coutts & Cormack, 2014). Muscle damage
has been detected through blood markers and
enzymes such as creatine kinase (CK) (Clarkson et al., 2005; Yamin et al., 2007). Myoglobin, troponin, urea, uric acid and ammonia
have also been used as biomarkers of muscle
damage (Kirwan et al., 1990). The hormone
cortisol from saliva has been used as a marker
and has been shown to be elevated soon after
competition (Elloumi et al., 2003; Haneish et
al., 2007). Elloumi et al., 2003 have also re-
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ported the use of the hormone testosterone
as an exercise marker. White blood cells and
platelets increase following exercise, hence
are biomarkers of oxidative stress (Djarova et
al., 2010), and may be useful for a clinician to
better assess and evaluate the benefits of training and/ or supplementation programs (Banfi
et al., 2006). It is established that exercise of
elevated intensity compromises the immune
system leaving athletes susceptible to illnesses (Allgrove et al., 2012). Leucocytes and cytokines have been used as possible markers of
compromised immune system due to exercise
(Mackinnon 1997; Gleeson & Walsh 2012).
Exercise is known to cause considerable
changes in leucocyte counts and functions.
The aim of the present study was to investigate the effect of exercise on leukocyte and
lymphocyte counts in athletes of different
sporting codes during the competition time of
the season.

information on any diseases they might have
had before, their present health status and any
medication which they could have been taking. The following constituted the exclusion
criteria; current infection, history of chronic
disease use of antibiotics, herbal, antioxidant
and steroids containing supplements. The
study protocols were conducted in accordance
with the Helsinki Declaration for the Ethical
Treatment of Human Subjects and were evaluated and approved by the ethics committee of
the Faculty of Science and Agriculture at the
University of Zululand.
Blood samples were collected and blood
analysis for whole blood count was done in
Lancet laboratory, Richards Bay, RSA. Data
were analysed using unpaired t-test for treatment of independent samples.
RESULTS
It is noteworthy to point out the higher levels of leucocytes in the netball players than in
female soccer players (6.8 ± 1.24 X 109/L and
6.11 ± 1.28 X 109/L respectively). The lymphocyte levels were also higher in the netball
players than in female soccer players (2.60 ±
0.58 X109/L and 2.16 ± 0.49 X109/L respectively). There were also higher levels of leucocytes in the male soccer players compared
to male rugby players (6.26 ± 1.97X109/L
and 5.46 ± 0.99 X109/L respectively). The
lymphocyte levels were higher in the soccer
players than in the rugby players (2.17 ± 0.36
X109/L and 1.85 ± 0.32 X109/L respectively),
but the differences were however not significant at p< 0.05. When looking at the results of
the four groups collectively, the netball players had the highest levels of both leucocyte
and lymphocyte counts. They were followed
by the male soccer players, and then the female soccer players, the male rugby players
had the lowest counts for both the leucocytes
and lymphocytes.

METHODOLOGY
Forty-two (n=42) active university athletes
voluntarily participated in the study; the participants’ ages were 21.76±3.24. They were all
students recruited from the University of Zululand as follows: rugby players (n=9), male
soccer players (n=17), female soccer players
(n=9) and female netball players (n=7). They
had regular training sessions of two hours or
more with a frequency of five to six times a
week. They also took part in the inter university games. The net ball and male soccer players were also involved in club competitions of
the UThungulu District in the Kwa-Zulu Natal
province. As part of their obligation in the clubs
and university games, they played competitive
matches during the weekends. All participants
participated in the study on a voluntary basis.
The objectives of the study were explained to
them and the possible risks of participating in
the study were clearly elucidated, after which
written consent was obtained from each one of
the participants. A medical professional sought
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Table 1. Athletes’ lymphocyte and leucocyte blood counts
Athletes

Lymphocytes

109/L
Male soccer (n=17)
6.26±1.92
Male Rugby (n=9)

X 109/L

Leucocytes

X

2.17±0.3
1.85±0.32

5.46±0.99
Female Netball (n=7)

2.60±0.58

6.80±1.24
Female soccer (n=9)

2.16±0.49

6.11±1.28

DISCUSSION
Soccer is the most popular and widely
played sport among blacks in South Africa
especially among men (Hammond 2011; Fredrick and Llewellyn 2016). It is also much
more popular among blacks than Rugby; as
a result, the University of Zululand which
has a predominantly black student population has a soccer league within the university
itself where students’ teams from within the
same university compete against each other.
The best students from the same teams form a
university select team which competes in the
local district league and the inter university
competitions. Compared to their rugby counter parts the male soccer players are exposed
to more competitions. There is only one rugby
team in the university and therefore the rugby
players do not have a local university league
within the university and the district, because
of that they only wait for the national inter universities rugby tournament. In the interim they
play occasional friendly matches. The rugby
players are therefore not exposed to the usual
extensive exercise, training and competition
stress as is the norm with regular rugby league
players. In comparison to their soccer counterparts in the university they are subjected to
less stress which may cause rise in the leucocytes and lymphocytes. The changes in leucocytes could be a result (among other things) of
the removal of dead cells related to exercise
stress and trauma especially due to contact im-

pact during play. It was expected, considering
the higher levels of physical contact in rugby
generally than in soccer, that the leucocyte
counts and the lymphocytes counts were going to be higher among the male rugby players
compared to their male soccer counterparts. It
would appear however that the rugby players’
counts of the two blood parameters were lower
than that of the male soccer players due to the
very low levels of competition compared to
their male soccer counter parts who had more
competitions, as discussed above.
With regards to females’ netball is a relatively more popular sport among women compared to female soccer (Fabrizio, 2005). Just
like the university male soccer players the netball athletes had more tournaments in the local
district than their female soccer counterparts.
It would appear therefore that the netball players experienced great workloads during the
competition season than their female soccer
counter parts resulting in them registering high
levels of both leucocytes and lymphocytes.
The relatively higher levels of leucocytes and
lymphocytes in male soccer and female netball players reflect what has been obtained in
other studies which show an increase of constituents of leucocytes such as the insulin-like
growth factor 1 (IGF-1) which have a regulatory role in the immune response for muscle
repair (Fragala et al., 2014). High competition
physical exercise stress was seen to induce
oxidative stress and activation of leucocytes
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in adolescents in fairly the same way as seen
Coutts, A.J. & Cormack, S. (2014), Moniin individuals in our study who were also ado- toring the training response in Joyce, D &
lescents (Santos-Silvaa et al., 2001). Lympho- Lewindon, D, (Eds.) High-performance traincytes and their subsets have also been known ing for sports, Human Kinetics, Champaign.
to increase with exercise (Hong et al., 2004).
Djarova, T., Andreeva, L., Stefanova, D.,
Mateev, G., Tzvetkov, S., & Bonov, P. (2010).
CONCLUSIONS
Dark chocolate supplementation impact on
The athletes’ results for the measured blood oxidative biomarkers in track athletes
blood parameters were within the health submitted to maximal exercise tests. Proceednorms. These findings could be related to the ings of the 5th International Congress “Sport,
less intensive training protocols and lower Stress Adaptation-Olympic Sport and Sport
levels of physical contact and stress in play- for All”, Journal of Sport Science Special isers from the students’ teams compared to the sue, 1, pp 330-336.
professional players. The method used with
Elloumi,M., Maso,F., Michaux,O., Robert,
the two blood parameters can always be used A. & Lac,G. (2003), Behavior of saliva cortiwith other methods of monitoring athletes’ re- sol [C] testosterone [T] and T/C ratio during a
sponse to training to increase the reliability of rugby match and during the post-competition
the athletes’ assessment process.
recovery days. European Journal of Applied
Physiology, 90(1-2): pp 23-28.
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FOR PATIENTS WITH ADULT SCOLIOSIS
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ABSTRACT
Spinal deformities are a major demographic health issue among the adult population all over the
world. Surgeons are often very conservative in the treatment of adult scoliosis because of the complication rates associated with the surgeries. A prerequisite to surgical interventions is usually failure of all
appropriate conservative care. There is currently a lack of consensus on the most efficient conservative
treatments for adult scoliosis. The aim of the present study is to investigate the effect of two different
methods of exercise-based therapies on the treatment of adult idiopathic scoliosis. The research was
done among 62 patients with scoliosis (10.93°Cobb) and back pain. They were randomly divided into
two groups, depending on the physiotherapy (PT) protocol. To evaluate the effect of physiotherapy we
used the posture assessment, visual analog scale (VAS) for pain, muscle strength test and Functional
Rating Index (FRI). The control group – CG (n=37) performed a conventional physiotherapy program,
including symmetrical exercises for the trunk muscles, lower and upper limbs, while the experimental
group – EG (n=25) performed PT program, additionally including spinal mobilization, muscle energy
technique, and postural therapy. The results after 6 months of treatment revealed a statistically significant improvement in the following parameters in the EG: the posture correction, pain index (according
to VAS), muscle strength hand quality of live (p < 0.01). In the control group these results did not improve significantly. Conclusion: The combined use of spinal mobilization and postural therapy applied
in the EG appears more effective than the conventional physiotherapy program used in the treatment of
adult scoliosis.
Key words: adult scoliosis, idiopathic scoliosis, physiotherapy.

INTRODUCTION
The topic of the treatment of spine deformities in a skeletally mature individuals
is interesting and up-to-date in modern society. Surgeons are often very conservative in
the treatment of adult scoliosis because of the
complication rates associated with the surgeries. A prerequisite to surgical interventions is
usually failure of all appropriate conservative
care. There is currently no consensus on the
most effective non-surgical treatment of scoliosis after the age of 18 years. In a systematic literature study (Everett, Patel, 2007) of
the non-surgical treatment of scoliosis after
bone structure growth completion, the authors
Journal of Applied Sports Sciences
2017, Vol.2, pp. 68-75
ISSN 2534-9597 (Print), ISSN 2535-0145 (Online)

found only 10 articles in the Medline, PubMed
and CINAHL associated with the use of kinesitherapy among these patients. The relationship between pain and scoliosis has been studied (Weiss et al., 1998). It is noted that among
adults, scoliosis is associated with spinal pain
- 60-80% of the patients (Daffner, Vaccaro,
2003), neurological symptoms (nerve root
compression from the concave side with radial pain), sagittal and coronary imbalances,
which also leads to back pain (Glassman et
al., 2005). Attention is drawn to the need of
study and improvement of the quality of life
of women with idiopathic scoliosis (Freidel et
al., 2002). A number of authors (Asher, Bur68
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ton, 2006; Hresko, 2013; Mayo et al., 1994;
Negrini et al., 2006, 2012, 2015; Weinstein et
al., 2003, 2008, 2013; Zadeh, Gleiber, 2015)
recommend a report of the results for a clinically significant period and number of patients
at the start and end of treatment with a scoliosis angle above 10°, above 30°, and over
50° Cobb. According to them, epidemiology
recognizes these degrees as risk limits for possible health consequences during increasing
age, such as back pain and curvature progression. In the accessible literature there are no
publications on the possibilities of kinesitherapy (KT) to reduce pain and improve the
functional status of patients.

sample paired t-test to compare pre- and posttreatment results of the group. The unpaired
t-test was used to compare pre- and post-treatment results between the two groups, at a confidence level of P ≤ 0.05.
The comprehensive rehabilitation program, developed by a physician specialist in
physical and rehabilitation medicine, included:
Preformed physical factors for pain reduction - magnetic therapy, phonophoresis, electrophoresis, interference currents, according
to the estimation of the physician regarding
the clinical condition of the patient.
Kinesitherapy
The aim of using kinesitherapy with both
groups of patients was prevention of the scoliosis progress, back pain reduction and improvement of functional abilities.
In the control group (CG) a traditional
physical therapy program was executed. It included: active axial elongation and mobilization of the spine, strengthening the trunk muscles, shoulder muscles, and hip joint muscles,
coordination, balance and equilibrium of the
body, correction of the posture, breathing and
conditional exercises.
In the experimental group (EG), apart
from the traditional physical therapy program,
a specialized kinesitherapeutic method was
also used:
Appropriate manual techniques and therapeutic exercises for mobilization and selfmobilization of the spine, neurodynamics
techniques, muscle-energy techniques and
massage were used for prevention and treatment of spinal pain syndrome.
The postural correction was achieved by
training the patient in 3D self-correction of
posture and postural control.
In order to stabilize the corrected posture
and to prevent scoliosis progression, appropriate exercises were used for balance and
strength of body muscles.
Maintenance and improvement of the

AIM OF THE STUDY
The aim of the present study is to investigate the effect of two different methods of
exercise-based therapies on the treatment of
adult idiopathic scoliosis.
MATERIALS AND METHODS
The research was done among 62 patients
(aged between 23 and 44 years) with scoliosis
(10.93°Cobb) and back pain, after completion of the growth of bone structures (Risser
5). It was done during the period 2013-2016,
in the Department of Physical Medicine and
Rehabilitation at the Military Medical Academy, Sofia, Bulgaria. The group of patients
was dominated by women - 41:21. The angle
of curvature varied from 7° to 18° and averaged at 10.93° Cobb. The division of patients
into two groups – experimental group (EG) –
37 patients with an average age of 31.18 years
(range, 19-60, S.D. 8.07) and control group
(CG) – 25 patients with an average age of
31.68 years (range, 18-59, S.D. 9.57) was done
unintentionally and evenly. The collected data
were statistically processed with SPSS software (Statistical Package for the Social Sciences), version 18.0, SPSS Inc. Chicago, IL,
USA, and the following values were found:
minimum, maximum, mean, S.D., and one
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spine mobility was achieved through manual
joint mobilization techniques and exercises
for range of movements.
The kinesitherapeutic means used with
both groups of patients were dosed to medium and submaximal loads. Kinesitherapeutic
behavior was consistent with the features of
the pathological process, the degree of physical capacity, and the functional capacity of
the neuromuscular apparatus. The selection of
specific manual technique and its dosage was
dependant on the clinical condition of the patient, the functional limitations and the physiological response of the patient, but in most of
the cases it combined the different techniques
and the dosage was gradually increased until
the end of the immediate effect.
The following requirements were followed
during the exercises:
Active axial elongation of the spine.
Unloading of the spine to create a normal
position of the vertebrae and pain reduction.
Muscle tension in corrected position to stabilize the body.
Correction of posture and postural control
in antigravity position.
Training patients for home-treatment
which included holding the position of hypercorrection while lying flat for 15-20 minutes,
once a day - up to 2-3 times a day, without
provoking pain or discomfort.
The training was aimed at maintaining and
improving spinal cord mobility while avoiding excessive stretching, rotation and lateral
flexion.
The therapeutic effect was directly related to the correct selection and the skillful
combination of the kinesitherapy means and
followed the requirements of the specialized
methodology. Great attention was paid to analytical symmetric and asymmetric isometric
and isotonic strength exercises. The principle
of an individual approach was strictly followed.
Lifting and carrying weights, long walks,

jumps and spinal cord concussions, exercises
and positions increasing the curvature or provoking pain were contra-indicated.
There were two courses of treatment in 10
procedures over six months. During the rest of
the time, the patients were trained to perform
a set of exercises to maintain the achieved results after the first cycle – 30 minutes a day.
The following methods and tests were used
to evaluate the functionalities of the patients
before and after the rehabilitation course: history, examination, palpation, measurement of
the trunk rotation by a scoliometer; visual analogue scale (VAS) for pain, measurement of
the mobility of the spine and the length difference in the lower limbs in centimeters; static
endurance of the trunk muscles; Functional
Rating Index (FRI) (Bayar et al., 2004) and
radiography – according to the opinion and
prescription of an orthopedist.
RESULTS AND ANALYSIS
The data from the applied tests were assessed through statistical, comparative, variation and alternative analysis.
After an examination and analysis of the
posture before and after the experiment, it
became clear that there was a significant improvement in the posture among EG patients.
These results, we think, were related to the
use of 3D self-correction exercises with EG
patients. They are based on pathokinesiological analysis and are actively reasoned, as well
as correctly and systematically performed by
patients. It was proven that they stimulate postural adjustment and reduction of asymmetry
between the two body halves at the back, front
and profile observations. For CG, the percentage increment of posture improvement is minimal. Improvement of the posture among both
groups of patients is in direct relation to the
improvement of the dynamic functional indicators.
The follow-up of the trunk rotation at L4
level by scoliometry indicates that the im70
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provement among EG was 2.37° while for the
CG it was 1.4°. According to the SOSORT
Scoliosis Guidelines (Negrini et al., 2012), a
change of 5° was considered clinically significant, but no significant changes in deformity
were expected among patients after completion of spine growth.
The reported trend of improvements of all
three levels of measurement were similar and
confirms the effectiveness of the kinesitherapy, more expressed in EG, than in CG.
The variation analysis of VAS data for

pain (Table 1) showed that the results in EG
and CG were initially comparable. There was
lower level of pain among CG patients, but
the difference between the groups was statistically unreliable. At the end of the treatment,
after two rehabilitation courses and a 6-month
home rehabilitation, a statistically significant
lower level of pain was reported among the
patients from the EG compared to those from
the CG (α = 0.05).

Table 1. Variation analysis of VAS data for pain.
EG

CG

average X1 average X2
Beginning
End
X∆
t
α

3,16
0,41
2,75
13,96
0,001

2,72
0,84
1,88
7,25
0,001

X (X1-∆
)X2
0,44
-0,43

We associated the more expressed positive change among EG patients with the use
of therapeutic massage, manual spinal mobilization techniques and self-mobilization exercises, as well as myorelaxation techniques and
mobilization of the nervous system.
The measurements in centimeters at the
end of the treatment indicated maintenance
and slight improvement in spine mobility
among both groups of patients. The possibility of active axial elongation of the spine in
unloaded position, measured with the distance
between C7 and S1, was minimal and varied
between 0.6 and 1cm. Experience shows that
patients perform better exercises of active
axial elongation along the longitudinal axis of
the spine in an antigravitational position. They
find it very difficult to understand and coordinate their movements in an unloaded position.
However, we executed these exercises in different body positions and combined them with

S1

S2

t

α

1,09
0,49

1,06
0,74

1,5
2,55

0,05

every day activities, because, in our opinion,
this is an important part of maintaining the
spine in a good functional state and improving the nutrition of the intervertebral discs. We
trained our patients in the morning before getting out of bed to always perform the active
axial elongation exercise along the longitudinal axis of the spine as a prophylactic measure
against degenerative disorders.
The statistical processing of the static endurance of the trunk muscles data shows a significant improvement among both groups of
patients, when comparing beginning-end. Additionally, there was a proximity to the normal
values (EG Zemp = 5.324, CG Zemp = 3.755).
Consequently, the applied kinesitherapy with
both groups resulted in a significant improvement in the strength of the trunk muscles.
The comparative analysis of the final results
between the two groups showed statistically
significant better outcomes among the EG pa71
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tients compared to CG patients (α = 0.05).
Before kinesitherapy, we found significant
loss of functionality among all patients (Tables 2 and 3).The average value of the index
was 20.94 points (EG) or FRI - 52.35% loss

of functionality and 20.24 points (CG) or FRI
- 50.6% loss of functionality. The differences
between the two groups were statistically unreliable and therefore the groups were comparable.

Table 2. Variation analysis of the results of Functional Rating Index (FRI).
EG
FRI
average X1
Beginning
20,94
End
9,38
X∆
11,58
t
20,78
α
0,001

CG
FRI
average X2
20,24
12,8
7.44
12,8
0,001

X∆
0,7
-3,42

The significant primary loss of functionality among both groups of patients was associated with mild to moderate pain, ranging from
25% to 75% of the day. With regard to daily
living activities, the data varied from a lack
of limitations to a need for everyday activity
sassistance. More than 50% of the patients in
both groups reported mild to moderate pain in
long trips and part of the patients - in short
trips. Spinal dysfunction had limited patients‘
ability to work, with responses varying from
„can do usual work; no extra work“ to “cannot
work”. We have found significant limitations
as regards standing, walking, and weight lifting with all patients.
After the completion of the second rehabilitation course we recorded a statistically
significant improvement (α = 0.001) with both

S1
2,19
2,59

S2
2,13
1,98

t
1,27
5,89

α
0,001

groups of patients (Table 2). Raising the level
of functionality was directly related to improving the quality of life, which was an important
task of kinesitherapy among these patients. In
our opinion, there was undoubtedly a positive
effect from the applied preformed physical
factors, manual techniques and therapeutic exercises to reduce the pain syndrome. Pain reduction significantly improved the functional
capabilities of the subjects under study (Table
3). At the end of the treatment, patients‘ ability to self-perform the everyday activities improved significantly; the percentage of patients
reporting mild to moderate pain in long trips
was reduced; patients’ performance improved.
Among 45% of the patients, there were some
limitations as regards standing, walking, and
lifting of heavy objects.

Table 3. Results of the FRI study (reported in percentages).
EG

CG

average X1

average X2

Beginning

52,35%

50,60%

End

23,45%

32,00%

X∆

28,9%

18,6%
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We associate the positive functional results
obtained from the two groups with the exercises executed for active elongation and mobilization of the spine, muscular strengthening
and posture correction as part of the traditional
kinesitherapy method. Besides, the results in
EG of patients were associated with practicing
additional kinesitherapy program exercises for
active 3D spinal correction, manual mobilization and self-mobilization of the spine, neurodynamics techniques, exercises and manual
techniques for improvement of the muscular
balance.
On radiography we measured the Cobb’s
angle before the treatment’s initiation and after the completion of the rehabilitation program (after 1 year). The results of the variance
analysis showed that the scoliosis angle varies between 7° and 16° (Cobb) in the EG and
between 8° and 18° in the CG. The variation
coefficient was 6.1% for EG and 6.2% for CG.
Therefore, the sample was homogeneous. The
average values were close for both groups. We
did not notice any significant changes in Cobb
angle’s value after the applied treatment. The
dynamics of the main radiological markers
(Cobb angle) and the measurement data suggest that after the growth completion of the
spine, a significant correction of the scoliosis
was not possible.

del et al., 2002; Shapiro, Taira, Boachie-Adjei,
2003); low results from health questionnaire
SF-36 (Schwab et al., 2003) and development
of chronic pain (Weinstein et al., 2003). That
is why, each treatment method that improves
the quality of life, applied to our contingent
of patients, expands and enriches the kinesitherapeutic practice. Additionally, it is advisable
to explore the functional results in a sufficient
contingent of patients for an extended period
of time.

CONCLUSIONS
Kinesitherapy is an effective method for
preventing the scoliosis’progression, reducing
back pain and improving the functional capabilities of scoliosis patients after completion
of bone structures growth.
The significantly higher positive growth in
all of the main indicators in the experimental
group compared with the control one indicates
that the specialized methodology of kinesitherapy is more effective than the traditionally
applied one.
The lack of consensual, effective, nonsurgical scoliosis treatment of these patients,
imposes the necessity of the continuation and
expansion of the research in this area, and
the establishment of evidence-based clinical
guidelines on kinesitherapy method, that effectively improves the functional capacities
DISCUSSION
and patients’ quality of life.
The functional outcomes we gained after
The results from our studies give us reason
working with patients with scoliosis, after to recommend the inclusion of the specialized
completion of the growth of the spine, confirm kinesitherapy methodology as part of the comthe results in research done by other authors. plex rehabilitation program for adult patients
They claim that application of specific kine- with scoliosis and back pain.
sitherapeutic exercises in case of scoliosis affects positively patients, in comparison with
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of Pedalling and the Cycle Ergometer Saddle Height
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ABSTRACT
Cycling is a sport that integrates man‘s physical condition and the technical parameters of
the cycle. The position of the body in relation to the cycle is particularly important for obtaining
results of this physical activity. Together with the other factors determining the right upright
posture saddle height is also important. We studied the relationship between the Monark 618-E cycle
ergometer saddle height and mechanical effectiveness when pedalling. For this purpose, we chose the
Wingate cycle ergometer anaerobic test. We studied 8 men volunteers, aged between 19 to 25 years, all
of them students at the National Sports Academy “Vasil Levski” in Sofia, with major - cycling coach.
The research demonstrates that the lower height of the saddle compared to the one recommended in the
“Heel” method, leads to lower mechanical effectiveness of pedalling in terms of W/kg body weight. This
affects both the maximal and the average power of pedalling, with statistical significance of 99% determined by Mann-Whitney non-parametric test. Relative to the literature discussed, the study presents new
evidence of the height of the cycle saddle for mechanical pedaling effectiveness.
Key words: Wingate; Anaerobic Test; Saddle Height; Mechanical Effectiveness; Maximal Power
Introduction

of the lower limbs or the degree of flexion of
the knee joint.
One group of authors use oxygen consumption as an indicator of the mechanical effectiveness. According to Ferrer-Roca, Bescós,Roig,
Galilea, Valero, & García-López (2014) the
total effectiveness is significantly lower, and
the oxygen consumption significantly higher
when the saddle height increases. Similar results were reported by Nordeen (1977). According to his research, the 100% SH (saddle
heights) was most efficient, because mean values for 95, 100 and 105% SH of oxygen consumption were 1.69, 1.61 and 1.74 lit/min, respectively. Other investigators (Mandroukas,
Angelopoulou, Christoulas, &Vrabas, 2000)
find that cycling with bent knee requires lower
oxygen uptake while pedalling with straight
knee is the only way to reach VO2max during
cycle testing, since the cardio respiratory system is fully taxed.
Another group of researchers use heart
rate (HR) as an indicator of the mechanical effectiveness of pedalling. According to Titlow

Cycling is a sport that integrates man‘s
physical condition and the technical parameters of the cycle. The position of the body in
relation to the bicycle is particularly important
for obtaining results of this physical activity.
Together with the other factors determining the
right upright posture, saddle height is also important. The interaction between the cyclist‘s
muscular power and the technical parameters
of the cycle, determines the mechanical effectiveness of the work done. Scholars and
coaches still disagree about the importance of
the bicycle saddle height for the effectiveness
of pedalling. Incorrect bicycle configuration
may predispose athletes to injury and reduce
their cycling performance (Bini, Hume, &
Croft, 2011).
The methods for determining the optimal
saddle height have been well described in scientific literature (Bini, Hume, & Croft, 2011;
Peveler, Bishop, Smith, Richardson, & Whitehorn, 2005). They are based on the relationship between the saddle height and the length
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(1986), the knee angle has no effect on heart
rate under a submaximal cycle ergometer load
and the cyclists should be allowed to use a
knee angle and a saddle height, which they
find more comfortable. On the other hand, we
found, that the heart rate is higher when the
saddle is lower compared to the normal height
at the same power for both loads (Stefanov, &
Kolev, 2015).
An interesting investigation evaluated the
effect of the saddle height (determined as 96,
100 and 104 percentage trochanteric height)
on heart rate, VO2, and lower limb kinematics.
They tested 14 competitive male road racing
cyclists during discontinuous submaximal exercise (200 W) on an air-resistance ergometer
at seat tube angles of 68, 74 and 80 degrees. At
saddle height of 104% of trochanteric height,
VO2 and heart rate were significantly higher
and power efficiency significantly lower than
both 96% and 100% trochanteric height (Price,
& Donne, 1997).
The results of another study (FerrerRoca, Bescós,Roig,Galilea, Valero,&GarcíaLópez, 2014) indicated that small changes in
saddle height affected gross efficiency and
lower limb kinematics.
The aim that we set was to investigate the
dependence between the cycle ergometer saddle height and the mechanical effectiveness
of pedalling. In order to determine the mechanical effectiveness of pedalling we chose
the Wingate cycle ergometer anaerobic test
(WANT). This test is accepted as the „Gold
Standard“ for determining the maximal anaerobic power on cycle ergometer tests.

We determined the maximal relative anaerobic power (Pmax/rel) and the average relative anaerobic power (Paver/rel) of every one of the participants under two conditions, each of which
was studied in a separate experiment by means
of WANT. During the investigation we used a
Monark 618-E cycle ergometer. In the first experiment the saddle height was adjusted by the
“Heel” method and we designated it as height
100% (H100). With the Monark 618-E cycle
ergometer the saddle height is fixed with a bolt
in a row of holes along a supporting square
profile. In the second experiment, the test was
conducted with the saddle height three holes
lower than the one in the first experiment. We
designated this height as HL. During both experiments both conditions were identical with
the exception of the saddle height. The frequency of pedalling was determined through
а system of tensiometric pedals (Stefanov,
2016), which allowed for a more accurate determination of the number of revolutions per 5
seconds realized by the athlete.
We conducted the WANT in the following
way:
We determined the force of loading (F) in
N according to the following formula
for athletes - F = body weight (kg) x9.8
(2) We performed a warming upon a cycle
ergometer for 5 minutes. In the last 5 seconds
of every minute a sprint took place, which intensity was equal to the work load.
(3) We turned the pedals slightly with minimal resistance for 3 minutes.
(4) There was 2 min. rest on the cycle ergometer. During this time the software was
turned on and EXCEL was launched. Then the
respective USB port for transferring the data
was activated.
(5) A period of acceleration for 15s followed, which included 10 seconds of pedalling with 1/3 of the work load (which is F
x 0.33) with 30 revolutions / min. The work
level was reached in the remaining 5 seconds.
(6) The test went on for 30 seconds at top

Materials and methods
We studied 8 men, volunteers aged between 19 and 25, all of them students at the
National Sports Academy “Vassil Levski” in
Sofia, with major – cycling coach. They were
previously made familiar with the object and
nature of the experiments and gave their informed assent to take part in the investigation.
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speed. The test started with a recording from
the software. The recording was stopped at
the 30th second.
(7) This was followed by a 3-minute cool
down at 50 W power and unspecified revolutions.
The frequency of pedalling was determined by a system of tensometric pedals9,
which allowed a more precise determination
of the number of revolutions for 5 seconds.
The strain pressure on the tensometric pedals
was recorded every 100 ms. After determining the number of revolutions for all 5-second
intervals, we determined Pmax and Paver for each
of the participants under both experiment conditions, H100 and HL.
The formulas we used are the standard
ones for this test.
Power
P=F.n.6 in Watt
where F is the force (in Newton); n – the
number of revolutions per 5 seconds
Maximal Power
Pmax
It is determined by the 5-second interval
when the power is at its greatest.

onds
Average Power
Paver=Ptot/30
The indicators we compare between the
different participants are:
Relative maximal power
Pmax/ rel = Pmax / kg
(maximal power divided by the body
weight of the person in kg).
The relative average powerPaver/ rel = Paver / kg
(average power divided by the body weight
of the person in kg).		
Data was recorded and processed with MICROSOFT – EXCEL and „PLX-DAQ recorder“ open source interface software, available
freely on the Internet. The results were analyzed with the MaxStatLite - 2015 statistical
software, freely available on the Internet.
Results
From the raw data under both experimental conditions: H100 and HL we calculated the
relative maximum power and the relative average power for each of the subjects, which
are presented in Table 1.

Total Power

Ptot= F.n.6
n – the number of revolutions per 30 secTable 1. Shows the maximal relative power as well as the average power Pmax/rel and Paver
/ rel for every one of athletes studied under both conditions (H100 and HL) of the experiment.
Pmax/rel/H100

Pmax/rel/HL

Paver/rel/H100

Paver/rel/HL

S.V.

14.63

9.00

11.06

7.31

B.P.

13.00

9.75

11.56

7.58

K.M.

10.91

7.64

8.18

6.36

M.V.

10.43

9.39

8.47

7.59

A.K.

9.53

8.47

8.70

8.00

M.S.

9.49

8.43

7.38

5.97

S.S.

9.47

8.42

8.60

6.49

T.P.

8.96

6.72

7.47

5.97
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The surveyed persons and their indicators, presented in table 1 are arranged from the
larger to the lower value of Pmax/ rel for the H100
condition. In the first column of table1 the initials of the surveyed persons are presented. In
the second column Pmax / rel is presented for the
H100 condition, where the highest value is
14.63 W / kg and the lowest is 8.96 W / kg. In
the third column the values of Pmax/ rel for the
HL condition are presented, where the highest
value is 9.75 W / kg and the lowest 6.72 W /
kg. In columns 4 and 5 the values for the relative average power are provided, respectively
H100 and HL.

of pedalling for each of the participants in the
experiment. The relatively large difference in
the power realized between the participants
is noticeable, but the trend towards lower efficiency under the HL condition compared to
H100 is obvious. Table 1 shows that the difference between Pmax/ rel (H100) and Pmax/rel (HL)
is greater than the difference between Paver/rel
(H100) and Paver/rel (HL), which is probably
due to the greater difference in the relative
maximal powers under H100 between the participants.
Figure 1 shows Pmax/ rel for H100 and HL
conditions. The ordinate reflects the relative
power Pmax/rel for each person under study. In
Discussion
all tested individuals the mechanical efficienThe relative maximum power and relative cy under HL conditions was lower.
mean power show the mechanical efficiency

Figure 1. Shows the relative maximal power in conditions H100 and HL in W/kg along the
y axis for every athlete studied, which are entered along the x axis.
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Figure 2. Shows the average relative power in conditions H100 and HL in W/kg along
the y axis for every one of the participants, who have been entered along the x axis
At the average relative power, Paver/rel, higher values were also observed for all participants under the H100 conditions compared to
HL (Fig. 2). Among some of the participants,
the differences in pedalling efficiency under
both conditions of the experiment are very
large, and among others it is comparatively
smaller. This can be caused by many factors,
but more important ones are the genetically
predetermined ratio between type-I and typeII muscle fibres, current health status and the
physical training of the participant. The contingent is such that we can exclude gender and
age factors.

To prove the statistical significance of theobserved differences, we used Mann Whitney‘s nonparametric test. This was imposed
by the fact we surveyed few participants and
could not correctly determine the statistical
distribution of the investigated indicators. The
test showed a 99% statistically significant difference between the relative maximal powers
measured under H100 conditions versus the
HL conditions of all participants in the sample. The relative mean powers measured for
all conditions H100 and HL also differed with
a statistical significance of 99% (Table 2).

Table 2. Shows the results of the comparison between Pmax / rel and Paver / rel by
Mann-Whitney test
Mann-Whitney

Pmax/rel

Paver/rel

p

0.0063

0.0063

The probable difference between the two samples is 99% at p<0.01
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Conclusions
This study proves that the lower height
of the cycle saddle, compared to the „Heel”
method recommended, results in a lower mechanical efficiency of pedalling expressed in
W/kg body weight. This reflects both the maximal and the average pedalling power. For this
reason, we recommend that the height of the
saddle be correctly determined by the „Heel”
method, especially during cyclists’ initial
training period.
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