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Abstract
Electromyostimulaiton (EMS) has been used for both physical therapy and strength improvements for a
Purpose:
Material:

Results:

Conclusions:
Keywords:

few decades. This study aimed to investigate the effects of a four-week local-EMS training performed on a
fingerboard (FT) in wrist strength and endurance.
Sixteen physically active, non-climber students were divided into EMS+FT and FT groups. Each group
performed the same training program about 25 min a day, 3 days a week for four weeks. The EMS+FT
implementation was performed with a signal width of 260 ms and a frequency of 60 Hz. Before and after
training, isokinetic measurements were collected. The parameters used in the research during flexion and
extension at 60 and 180°/sec were; Peak Torque (PT), Peak Torque/Body Weight (PT/BW), and Average Power
(AP).
The EMS+FT group showed statistically significant alterations in all of the parameters (p<0.01 and p<0.05)
except in the left wrist AP during flexion and extension at 180°/sec. However, the FT group showed significant
changes in only wright wrist AP during extension at 60°/sec, and wright and left wrist AP during flexion at
180°/sec, and left wrist PT during extension at 180°/sec.
Accordingly, it could be inferred that FT done by using EMS for four weeks improve the isokinetic wrist
strength and endurance significantly. Muscular fitness has an essential role in climbing performance, and this
study points that EMS trainings on fingerboard could be used to enhance the climbing performance.
electrical contraction, isokinetic forearm endurance, isokinetic forearm strength, sport climbing, fingerboard.

Introduction1
Electromyostimulaiton (EMS) has been used for both
physical therapy [1] and strength improvements for a few
decades [2-4].The principle of EMS is to gain muscle
strength through pulsed, repetitive electrical contractions
[5, 6] by recruiting more motor units and muscle fibers
which activated with high threshold [7]. Main objectives
of using this kind of equipment in sport is reported
to shorten the training session, and to specialize in
targeted aims for better performance [8]. In recent years,
many reviews have examined the effects of voluntary
contraction with or without using EMS, and EMS training
alone on muscular strength, muscular endurance, power,
jumping, balance, speed, and performance not only in
sedentary adults also in athletes [4, 5, 8-11]. Some general
information from these studies could be summarized that;
EMS training enhances both muscle mass and function
without any change in body fat [12, 13], using EMS is
effective to prevent muscle loss during the rehabilitation
phase [5], and more research is needed to determine
how effective is only EMS training or EMS training +
voluntary contraction for muscle strength development.
While in some studies it was found that EMS training
© Dicle Aras, Selçuk Gül, Fırat Akça, Mehmet Gülü, Özkan Güler,
Cemil C. Bıldırcın, Erşan Arslan, Güney Çetinkaya, 2020
doi:10.15561/20755279.2020.0301

provides equally or even more enhancements in gaining
strength [3, 14], others reported voluntary contraction’s
effectiveness [4, 15]. These articles also show that using
EMS could be varied as locally and whole body. While
whole body EMS allows stimulating several muscle
groups concurrently on a wide electrode area, local EMS
interventions activate a single or small number of specific
muscles. Another suggestion is that while currents with
high frequency are used to gain maximal muscle strength,
low frequency currents are used in order to induce muscle
endurance [8].
It is suggested that to control the wrist efficiently
and optimal use of wrist muscles are critical for both
daily activities and sports [16]. Being the most preferred
discipline of rock climbing, sport climbing has become
very popular both as a competitive and recreational
activity [17]. As in all sport branches, special training
is needed also in sport climbing. Due to the complex
structure of sport climbing [18], athletes and sedentary
people who climb recreationally need to improve their
grip performance [19]. Both finger flexors’ isometric
strength and endurance are evaluated as the key factor
of bouldering [20] and lead climbing performances [21]
in sport climbing [22]. According to [23] climbers spend
36.3 % of the total time statically during climbing. A
fingerboard, also known as a hangboard, is one of the sport
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specific strength training equipment to advance isometric
finger strength in climbing. Some studies observed
about 21.5 % increase in finger strength after four weeks
of fingerboard training [24]. Finger flexors’ isometric
contraction is believed as the most used type of muscle
activation during climbing [25], and fingerboard trainings
(FT) provide climbers isometric training opportunities on
several different artificial grips [26].
The aim of the present study is to investigate the
influences of four week local EMS training on wrist
muscular strength and endurance. To our knowledge, this
is the first study comparing the isokinetic strength and
endurance responses between EMS+FT and FT alone in
sport climbing. In order to achieve this goal, local EMS
electrodes were placed on forearm flexors because of the
fact that a fingerboard is used only with arms.
Material and Methods
Participants. A total number of 16 physically active,
non-climber sport sciences students, who had attended a
regular physical activity program for at least six months
prior to this research, participated in the study voluntarily.
Subjects were randomly divided into fingerboard training
group (FT: 4 males and 4 females, the mean age 22.75 ±
1.83 years, body height 173.63 ± 9.84 cm, body weight
59.50 ± 7.75 kg) and EMS+fingerboard training group
(EMS+FT: 5 males and 3 females, mean age 22.38 ± 2.45
years, body height 171.00 ± 8.96 cm, body weight 64.75
± 14.69 kg). Both groups did not take a part in any other
exercise program for the four weeks during the study. The
exclusion criteria were having any previous or current
musculoskeletal injuries in upper body extremities. All
subjects were informed about the study risks and benefits,
and after familiarization, each participant was given a
written informed consent form. This study was performed
in accordance with the ethics of World Medical Association
(Declaration of Helsinki, code DoH-Oct2013), and was
approved by Ankara University Ethical Committee on
Human Research (01/13).
Study design. This randomized controlled trial
aims to investigate the effects of four-week local EMS
training performed on a fingerboard on wrist muscular
strength and endurance. To achieve this goal, a total of
four EMS electrodes were placed on the flexor digitorum
superficialis (FDS) muscle, two on the right and two on
the left arm. Both FT and EMS+FT groups completed the
same training program about 25 minutes a day, three days
per week for four weeks. All fingerboard trainings were
performed between 4 and 6 pm on non-consecutive days,
and subjects were asked to come to the training as fully
rested. Two days earlier and two days after the four-week
period of the study, participants attended an isokinetic
wrist muscle strength and endurance test.
Procedures. Training process. Participants visited
the performance laboratory for the first time for
familiarization, and they were informed about the study
design. The fingerboard and its biggest jug hold used in
the current study were shown. They were taught how to
grip the hold and how to endure hanging on at different
128

angles of elbow. The jug hold allowed participants to wrap
it with their index, middle, ring and pinky fingers. While
thumb was holding the jug with the distal interphalangeal
joint, the other fingers were wrapping it with 90° of
proximal interphalangeal joint. Owing to the fact that
rock climbing requires feet to release from wall during
climbing, all fingerboard trainings were performed with
the feet were in the air.
All subjects were also taught about the EMS
implementation. The EMS practice was performed with
a Bosch TENS+EMS Dual Therapy device (Stuttgart.
GERMANY) with a signal width of 260 ms and a
frequency of 60 Hz. The EMS device was fixed subject’s
waist, and its four electrodes were placed on forearms of
both right and left upper extremities. Two of the electrodes
located on flexor digitorum superfacialis muscle of the
right arm and other two on the left. Subjects performed
another trial with using EMS.
Table 1. The angle of the elbow and hanging and resting
times of the training protocol.
Angle of the
Hanging time
elbow
(sec)
180°
15
90°
15
45°
15
180°
20
90°
15
45°
10
180°
25
90°
15
45°
5
Total time for one circle:

Resting time
(sec)
15
15
60
15
15
60
15
15
180
8.40 min

Table 1 shows one circle of the training session. All
participants performed one circle of training without
EMS and another one by using EMS on their first visit.
After finishing familiarization session, participants were
randomly divided into fingerboard training group, in
which they performed isometric fingerboard training,
and EMS+FT group (EMS+FT) in which they practiced
the same training with using EMS. The number of the
training circle was two for the first two weeks of the
study, and it was increased to four for the last two weeks
of the study. Each participants had a 10-minute warm-up,
and a 5-minute time resting time procedure before every
training session. Warm-up procedure contained of 5 min
of jogging and 5 min of upper arm stretching exercises.
Isokinetic tests. Participants’ isokinetic muscular
strength and endurance measurements were tested on
isokinetic machine (System 4 PRO model, Biodex Medical
Systems, Shirley, NY, USA) on wrist joint during flexion
and extension at 60 °/s and 180 °/s angular velocities. For
5 repetitions at 60 °/s angular velocity Peak torque (PT,
N.m), peak torque/body weight (PT/BW, %) and average
power (AP, W) were collected for muscle strength, and
same parameters were also collected for 10 repetitions at
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180 °/s for muscle endurance. The resting period between
tests was 30 seconds. Before testing, participants were
told to warm up at an arm ergometer for four minutes at
between 60-80 rpm. In four minutes of resting time after
the warming up, the test protocol was started. Pre-tests
were taken two days before the study period, and posttests were recorded in two days right after the study was
finished.
Statistical analyses. In the current study, IBM SPSS
Statistics (Version 23 for Windows; IBM, Armonk, NY,
USA) was used for statistical data analyses. Firstly,
the distribution of data was tested by Shapiro Wilk to
determine the parametric or nonparametric data analyses.
In accordance with the distribution of the data Paired
Sample t-Test or Wilcoxon Test was chosen for pre and
post-test analyses, and Independent Paired t-Test or MannWhitney U Test was used for inter group analyses. Alpha
value was set at 0.05 for all of the statistical analyses.
Results
Pre and post-tests of wrist isokinetic strength and
endurance measurements both at 60 °/s and 180 °/s are
presented in Table 2 and 3 respectively.
Table 2 shows that using EMS while fingerboard
training increases the wrist muscle strength significantly.
In EMS+FT group, all the PT parameters recorded at
60°/s, developed from 18.77 to 31.57 %. The percentage
of the alterations observed in PT/BW was between 18.61
- 33.02 %, and the highest change was seen in right wrist
AP parameter for EMS+FT group (81.62 %).
When examining the Table 3, it could be seen that
only significant increases observed in the FT group were
in the right and left wrist AP parameters during flexion

(p< 0.01 and p< 0.05), and in left wrist extension PT
parameter at 180 °/s (p< 0.01). However, the EMS+FT
group showed statistically significant changes in all of the
parameters except in the left wrist AP parameters during
flexion and extension at 180 °/s. The alteration rate was
from 17.64 to 42.20 % in PT, 20.98 to 41.60 % in PT/BW.
Besides, similarly to the result at 60 °/s the highest change
observed in right wrist AP parameter (81.46 %).
Another substantial finding of the research was that
both groups showed enhancements in all of the strength
and endurance parameters, even though these alterations
were mainly not significant in the FT group generally.
Discussion
The purpose of the current study was to examine the
effects of four-week local EMS training on isokinetic
muscle strength and endurance in wrist, and compare it
with fingerboard training. It is considered that isometric
training might induce more muscle force comparing
with dynamic training [27], and isometric strength and
endurance are more substantial for climbing [28]. It was
reported that climbers’ isometric contraction time ratio
was 4:1 compared with resting time [29]. However, to
transfer the obtained isometric strength and endurance to
all types of movements in climbing requires to perform
the isokinetic training at different angles of the targeted
joint. According to Thompson et al. [30] an isometric
training provides strength improvements only in ± 15°
of the selected joint. Some studies about climbing also
reported that different elbow or shoulder angles cause
unequal strength production in finger flexors [31, 32].
Thus, in the present study, different angles of elbow were
chosen to adapt the wrist to be able to generate strength in

Table 2. Isokinetic strength values and their mean differences obtained from pre and post-tests at 60 °/s for both right
and left wrists during flexion and extension.
FT group
Pre-test
Post-test
%
Right wrist during flexion at 60 °/sec
PT (N.m)
36.86 ± 11.23 45.11 ± 20.18 22.38
PT/BW (%)
63.44 ± 18.06 75.63 ± 27.40 19.22
AP (W)
13.75 ± 6.21
22.86 ± 12.18 66.25
Left wrist during flexion at 60 °/sec
PT (N.m)
40.26 ± 16.27 41.83 ± 14.43 3.90
PT/BW (%)
67.64 ± 18.88 69.77 ± 20.59 3.15
AP (W)
16.93 ± 8.89
18.53 ± 9.10
9.45
Right wrist during extension at 60 °/sec
PT (N.m)
25.80 ± 13.41 28.58 ± 10.08 10.76
PT/BW (%)
43.35 ± 17.86 47.81 ± 12.16 10.29
AP (W)
12.28 ± 4.90
16.21 ± 6.88
32.00
Left wrist during extension at 60 °/sec
PT (N.m)
25.74 ± 11.23 28.75 ± 9.13
11.69
PT/BW (%)
43.18 ± 14.23 48.39 ± 11.03 12.07
AP (W)
12.75 ± 6.55
14.78 ± 4.26
15.92
Parameters

Sig.

EMS+FT group
Pre-test
Post-test

Sig.

%

.094
.089
.123

39.74 ± 8.31
62.20 ± 10.42
15.78 ± 4.68

50.30 ± 13.53
76.79 ± 14.27
28.66 ± 14.82

.038*
.048*
.012*

26.57
23.46
81.62

.779
.624
.236

38.68 ± 14.99
58.48 ± 15.83
18.08 ± 8.74

50.89 ± 16.29
77.79 ± 17.14
25.13 ± 8.52

.001**
.001**
.018*

31.57
33.02
38.99

.208
.197
.040*

23.71 ± 7.75
36.13 ± 7.10
12.15 ± 4.23

29.13 ± 8.90
45.00 ± 9.25
15.89 ± 5.72

.031*
.024*
.031*

22.86
24.55
30.78

.194
.244
.214

26.48 ± 8.93
40.56 ± 8.90
15.15 ± 6.15

31.45 ± 11.77
48.11 ± 13.47
18.13 ± 7.53

.005**
.006**
.004**

18.77
18.61
19.67

Note: PT: Peak torque, PT/BW: Peak torque/body weight, AP: Average power. * p< 0.05; ** p< 0.01
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Table 3. Isokinetic endurance values and their mean differences obtained from pre and post-tests at 180 °/s for both
right and left wrists during flexion and extension.
Parameters
PT (N.m)
PT/BW (%)
AP (W)
PT (N.m)
PT/BW (%)
AP (W)
PT (N.m)
PT/BW (%)
AP (W)
PT (N.m)
PT/BW (%)
AP (W)

FT group
Pre-test
Post-test
%
Right wrist during flexion at 180 °/sec
29.16 ± 10.81 36.69 ± 16.88
25.82
49.90 ± 16.16 61.24 ± 21.52
22.73
12.70 ± 6.56
19.89 ± 10.19
56.61
Left wrist during flexion at 180 °/sec
30.45 ± 16.10 34.11 ± 15.08
12.02
50.74 ± 19.83 56.80 ± 18.97
11.94
13.94 ± 8.30
18.94 ± 10.75
35.87
Right wrist during extension at 180 °/sec
19.75 ± 7.70
25.65 ± 17.98
29.87
33.50 ± 9.18
42.06 ± 23.91
25.55
12.81 ± 4.21
16.65 ± 9.28
29.98
Left wrist during extension at 180 °/sec
18.91 ± 8.06
22.31 ± 7.75
17.98
18.79
31.78 ± 9.79
37.75 ± 10.28
12.03 ± 5.13

13.09 ± 2.89

8.81

Sig.

EMS+FT group
Pre-test
Post-test

Sig.

%

.123
.223
.010**

25.69 ± 5.61
40.38 ± 8.55
12.89 ± 5.13

36.53 ± 6.43
57.18 ± 5.62
23.39 ± 8.27

.001**
.001**
.012*

42.20
41.60
81.46

.208
.230
.025*

29.53 ± 9.88
44.88 ± 7.19
18.33 ± 8.42

34.74 ± 8.60
52.84 ± 8.43
22.23 ± 9.05

.017*
.039*
.141

17.64
17.74
21.28

.123
.123
.118

17.43 ± 3.96
26.99 ± 2.38
11.36 ± 3.15

22.93 ± 4.86
35.69 ± 5.44
16.83 ± 7.01

.003**
.004**
.037*

31.55
32.23
48.15

.050*

19.64 ± 5.09

.016*

.099

30.51 ± 5.46

21.13
20.98

.263

15.36 ± 6.45

23.79 ± 7.54
36.91 ±
10.12
18.08 ± 8.69

.021*
.173

17.71

Note: PT: Peak torque, PT/BW: Peak torque/body weight, AP: Average power. * p< 0.05; ** p< 0.01
different angles.
It is well known that when the angle of the climbed
surface increases, most of the body weight is moving by
small muscle groups in the upper extremities [28]. This
change is about 44 % as the climbing surface alters 10°
from vertical to overhanging [33]. Since forearm muscles
are the main reason of fatigue and lactate concentration
[29, 34], and forearm muscle strength has a substantial
role during climbing [35], EMS electrodes were placed
on forearm finger flexors in the present study. Flexor
digitorum superfacialis and profundus are considered as
the most effective muscles in climbing [28]. The reason of
choosing the hold with the biggest grip on the fingerboard
was to prevent subjects from injury. The wrist strength
is specifically investigated in some studies. Chu E et al.
[16] sought the effects of 6 weeks of resistance training
on motor control and wrist strength, and found that both
motor control abilities and wrist strength improve after
six weeks of training. Schweizer et al. [25] investigated
the relationship between some strength parameters and
climbing performance and reported that the only predictor
of the performance in sport climbing was wrist flexion.
In the present study EMS+FT group showed from 18.77
to 31.57 % changes on PT, 18.61 - 33.02 % on PT/BW,
and 19.67 to 81.62 % on AP parameters during wrist
flexion and extension at 60 °/sec. The observed changes
in muscular endurance during flexion and extension at
180 °/sec in wrist were from 17.64 to 42.20 on PT, 20.98
to 41.60 on PT/BW, and 17.71 to 81.46 % on average
power. Increase in muscular endurance of elite climbers
is considered due to improved local vasodilation capacity,
reoxygenation during resting and deoxygenation during
130

isometric contractions in the literature [36]. Besides, a
rise in arterial blood pressure is also thought to be a factor
to enhance the isometric contraction of hand [37]. The
positive changes observed both in strength and endurance
values in the current study might be occurred by the same
mechanisms.
Neural adaptations that occur with both muscle
activation and increased electromyographic activity could
be seen mainly after short EMS training periods [9, 38].
In the present study, positive changes to EMS+FT training
on isokinetic muscle strength and endurance were seen
in four weeks. Besides, along with significant changes
observed in EMS+FT group, the FT group also showed
statistically significant or insignificant positive alterations.
They increased PT between 3.90 - 25.82 %, PT/BW 3.15 19.22 %, and AP 9.45 - 66.25 % at 60 °/sec. Enhancements
derived from 180 °/sec were between 12.02 - 29.87 % for
PT, 11.94 - 25.55 % for PT/BW, and 8.81 - 56.61 % for
AP. Similarly to EMS+FT group the highest alterations
were observed in average power values. These outcomes
are in line with the literature. A research, in which
isometric, isotonic, and isokinetic training procedures
were compared, showed that most increase in strength
was observed after isometric training implementation
[39], similar study was performed by Medernach et al.
(2015) [26]. Researchers investigated the effects of
4-week fingerboard training with 3 sessions per week in
boulderers. Even though their subjects consisted of highly
advanced climbers, they found significant changes on grip
strength and endurance level in competitive boulderers.
Several studies examined the effects of EMS training
on some extremities and body parts other than wrist. For
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instance, Herrero et al. [14] compared the effects of four
weeks weight+EMS training with weight training alone on
knee strength, and found more increase in weight+EMS
group than weight training group alone (40.2 % and
31.4 %, respectively). In another study, effects of EMS,
plyometric training, EMS+plyometric training were
compared on sprint time, jumping ability, and maximal
isometric strength values, and researchers found that
EMS+plyometric training significantly increases jumping
height and sprint performance. Similarly, Maffiuletti et al.
[9] demonstrated enhancements on knee extensor strength
and squat jump performance in basketball players after
four weeks of EMS training. Furthermore, EMS (9.1
%), or EMS+plyometric training (16.3 %) provides
enhancement on maximal strength [40]. Brocherieet
al. [41] investigated the effects of short-term using of
EMS (30 muscle contractions with 4 second duration),
and found improvements on isokinetic strength and
short skating performance in ice hockey players after
three weeks of training. Using EMS on knee extensor,
plantar flexor, and gluteus muscles showed significant
developments on power and muscle strength in Rugby
players after 12 weeks [38]. Silinskas et al. [42] applied
EMS on calf muscles and found about 6 % increase
in right muscle MVC in healthy men, and about 5 %
improvement in 10-m sprint time in trained athletes, only
after 10 sessions of training in three weeks. All these
studies and many others demonstrated positive influences
of using EMS, and the gains observed in strength and
some performance parameters are similar to the changes
reached in the present study.
The results derived from the current study are
significant not only for the performance but also for injury
prevention for climbers, due to the fact that the injuries
on wrist usually depend on the lack of strength and joint
control in wrist [43]. Josephsen et al. [44] found significant
relationship with resistance training and decrease in
injury in boulderers. Some authors [2] reported that most
injuries are observed in hand and fingers in rock climbing
[26, 44, 45]. Therefore, improving the muscle strength
and endurance on these parts of the body is crucial.
A same or similar study could be performed with
any level of rock climbers including advanced or elite
athletes. According to Filipovic et al. [8] even the elite
level athletes should not change the number of training

sessions to improve their strength by using EMS.
Congruently, reported 30 to 40 percent of strength
improvement in trained athletes after using EMS. Besides,
as climbing involves grips in different directions, future
studies could investigate the effects of wrist training at
different directions such as flexion-extension, pronationsupination, and ulnar-radial deviation. It is reported that
strength improves with direction-based strength and
joint training [16]. In the present study, strength training
was performed in vertical axis and on a jug hold for the
subjects consisted of non-climber individuals. Different
grips for advanced or elite climbers could provide them
better strength development at different joint angles, or
using jug holds with different directions could be helpful
with transferring the strength to climbing performance in
beginners.
Conclusion
Although the participants were physically active
individuals, training on a sport specific plate, such as
fingerboard, improved their wrist strength and endurance
in the both EMS+FT and FT groups. Apart from this,
the EMS+FT group showed significant increases in
almost all of the parameters. Accordingly, it could be
inferred that fingerboard trainings done with EMS during
three days a week for four weeks improve the wrist
strength and endurance significantly. Being one of the
basic components of rock climbing, muscular fitness
has an essential role in climbing performance. This
study points that EMS trainings on fingerboard could
be used to enhance the climbing performance. Future
studies could include measuring the isokinetic strength
and endurance of muscle groups not placed with EMS
in order to understand whether EMS is effective only
in the muscle groups in which it is placed. In order to
compare the difference between only climbing training to
fingerboard training with EMS, a similar study could be
employed with another experimental group who climbs
only. Additionally, the more functional information about
the effects of EMS could be given using EMS during
climbing training.
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Abstract
Regular and reasonable physical activity seems to be one of the most recommended health-promoting
Purpose:
Material:

Results:

Conclusions:

Keywords:

human behaviours. The aim of the work was to determine the relationship between the declared and actual
level of students’ physical activity.
118 students from the faculty of physical education aged 22.62±1.93 years participated in the study (61 men
aged 23.12±1.78 years and 57 women aged 22.08±1.39 years). To determine the level of physical activity, the
International Physical Activity Questionnaire (IPAQ) and the three-axis ActiGraph GT3X accelerometer were
used in order to record physical activity parameters and the amount of energy expenditure.
The largest absolute difference without gender division was found in the average duration of physical activity
in the medium intensity zone (16.83%). Differences in the level of weekly level of physical activity were noted
in the whole group (13.79%; p<0.01) as well as in the group of women (relative difference 18.07%, p<0.01) and
in the group of men (9.74%, p<0.01). A high correlation was observed between weekly energy expenditure
calculated on the basis of declared values and the actual energy expenditure (r=0.94; p<0.05).
Research carried out as part of the study showed that students declare a higher level of physical activity
compared to the actual performed activity. On this basis, it can be concluded that there is a risk of error in
assessing the volume of physical activity in a survey. The study showed significant gender diversity in the
frequency and duration of physical activity undertaken by the respondents.
physical activity, IPAQ, accelerometer, physical education, students.

Introduction1
The shortage of physical activity of modern
generations is one of the reasons for the increase in the
frequency of diseases of the circulatory and respiratory
systems, musculoskeletal system and metabolic and
cancer diseases [1-4]. Regular and reasonable physical
activity (PA) therefore becomes one of the most
recommended health-promoting human behaviours.
Determining the level of PA provides data to develop
and improve theoretical models of behaviours that allow
the development of specific postulates for the promotion
of physical activity. They also help identify parts of the
population at particular risk of hypokinesia [5, 6].
In epidemiological studies, the most commonly
used method for estimating the level of physical activity
is a diagnostic survey, and the measuring tools are
questionnaires [7, 8]. One of the most popular is the
International Physical Activity Questionnaire (IPAQ) [9,
10]. Its advantages are simple research procedures and
a short time of completing the questionnaire, in which
the respondents self-assess the frequency and duration
of weekly physical activity in low, moderate and high
intensity zones during the day and week. Globally unified
survey procedures developed by the International IPAQ
Committee allow its use, for comparative purposes, on all
continents [11, 12].
Numerous comparative studies of physical activity in
© Jarosław Cholewa, Miłosz Witkowski, Jacek Wąsik,
Tomasz Góra, 2020
doi:10.15561/20755279.2020.0302

the European Union countries have been conducted with
the use of IPAQ [7, 13]. The results of assessing the level
of PA of the respondents, presented in accordance with
the IPAQ protocol, are diverse and often very optimistic
[11, 14]. Some studies emphasise that this may be due
to a tendency to overestimate the self-assessment of PA,
especially among adolescents. There are also suggestions
that the criteria for high and moderate PA levels adopted
in the IPAQ protocol are probably too liberal [9]. It
is emphasised that the criteria for high and moderate
(average) level of weekly PA volume according to IPAQ
also include low-intensity physical activities [15].
Accurate diagnosis of PA is necessary, among other
things, to monitor and control the energy balance [16, 17].
Precise assessment of the intensity of physical activities
allows to create targeted therapeutic programmes for
people with various health problems [18]. Another
advantage of monitoring physical activity is providing
feedback on the level of PA being undertaken, which on
the one hand allows for interpretation in relation to the
recommendations of health enhancing PA, and on the
other is a motivating factor for taking up physical exercise
[2, 19].
Among others, tests using accelerometers feature high
accuracy in measuring PA [20, 21]. They are devices that
record linear and angular accelerations during movements
of the whole body or its parts, using electromechanical,
optical or piezoelectric motion sensors. It is pointed
out that most accelerometers record accelerations in
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movements of the whole body with high accuracy [22,
23]. They are adapted to be worn on the trunk and upper
and lower limbs. Depending on the form of the activity
being measured, they record the acceleration of the body
or its parts, the number of steps taken, distance travelled,
time of sitting and lying down, walking time, number
of posture changes (from lying to sitting, from sitting to
standing). Thanks to the software included, it is possible
to archive the collected data.
Given the importance of the accuracy of measuring
the level of physical activity, the purpose of the work was
to determine the relationship between the declared and
actual level of physical activity of students in a week of
the academic year. The following research questions were
formulated:
1. How do students of the physical education
faculty assess the level of their physical activity?
2. Is there gender diversity in the frequency and
duration of physical activity of the respondents?
Material and Methods
Participants.
118 students aged 22.62±1.93 years participated in the
study (61 men aged 23.12±1.78 years and 57 women aged
22.08±1.39 years). The respondents were the second- and
third-year students of full-time studies in the Physical
Education faculty (n=118) at the State University
of Applied Sciences in Racibórz (Poland). Prior to
commencing the study, formal consent was sought from
participants. They were informed about test procedures
and voluntarily participated in data collection. The
study was conducted with ethic rules based on Helsinki
Declaration.
Research Design.
To determine the level of physical activity, the
International Physical Activity Questionnaire (IPAQ) and
the three-axis ActiGraph GT3X accelerometer (AC) were
used. Numerous studies have indicated a satisfactory
repeatability and validation of these research tools in the
assessment of the characteristics of the physical activity
of adults [24, 25].
Before proceeding with the study, accelerometers
were prepared by entering into their memory data on the
age, sex, height and weight of the subject. Subjects wore
an accelerometer for 7 days at waking time, while during
sleep they detached it without interrupting registration.
After 7 days, the parameters of physical activity and
the amount of energy expenditure were read from the
accelerometer. On the day of reading the accelerometer
data, the subjects completed the IPAQ questionnaire,
assessing their physical activity in the previous week,
during which they were wearing the accelerometer.
The short version of the IPAQ questionnaire was used,
containing questions about the number of days per week
and the average duration in one day (min.), the intensity
of physical activity undertaken by the subjects.
Based on the answers given by the respondents in the
questionnaire (IPAQ), the volume of their physical activity
in the zones of intensity: low, moderate and high (vigorous).
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Weekly volume of physical activity was calculated in the
above-mentioned intensity zones. The intensity of activity
was determined by a multiple of metabolic equivalent
(MET). 8.0 MET for high intensity activity (PA1), 4.0
MET for moderate activity (PA2) and 3.3 MET for low
intensity activity (PA3) were adopted in accordance with
IPAQ instructions. The calculation procedure consisted of
multiplying the number of days, duration and metabolic
equivalent separately for each intensity zone. The total
weekly volume of physical activity (WPA) was the sum
of weekly activities in individual zones, expressed in the
unit of MET. This parameter was adopted as a measure of
the declared physical activity of the subjects.
The accelerometer data was processed using the
Actilife 6 (ActiGraph) software, which evaluated, among
other things, caloric expenditure and duration of PA in
individual zones, determined individually for each subject
based on pulse rate. Cut-off values for lack of physical
activity were set at <25 counts per 15 seconds. During
the study, no additional incentives were used to motivate
students to increase their level of physical activity.
In order to confront the results of the assessment
of the weekly volume of physical activity in the IPAQ
questionnaire with the accelerometer measurement,
following the procedure presented in the works of
Mahabir et al. [16] and Neilson et al. [26], MET units
were converted to kcal/week.
Statistical analysis.
The basic descriptive statistics were calculated for
the registered indicators, i.e. the mean and standard
deviation were determined. The normality of the data
distribution was checked by the Kolmogorov-Smirnov
test. The significance of differences between the declared
and actual weekly volume of physical activity of the
subjects was assessed with the t-test. The correlation of
the results of the assessment of their physical activity in
the questionnaire and the accelerometer measurement was
determined on the basis of the Pearson linear correlation
coefficient. The statistical significance was assumed at
p<0.05.
Results
Table 1 contain the frequency and volume of daily
physical activity of the subjects. Data analysis showed
that, in all cases, the level of declared PA was higher than
real, but not in all cases it was statistically significant.
The largest absolute difference without gender division
was found in the average duration of physical activity
in the medium intensity zone (16.83%). The smallest
differences were found in the frequency of taking PA in
the zone of low-intensity activities (2.10%). Taking into
account the gender division, it was found that in the group
of women, the largest difference was found in the level
of medium-intensity activities. The frequency of PA and
duration of activities in this zone differed by 14.58% and
14.54%, respectively. In the group of men, the biggest
difference was in the duration of activities in the highintensity (18.82%) and moderate (18.38%) activity zones.
Figure 1 shows the intensity of the weekly level of
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physical exercise expressed in multiples of metabolic
equivalent (MET) by gender. The differences in the
weekly level of physical activity between the declared
and the actual one was statistically significant both in the
group of women (relative difference 18.07%, p<0.01)
and in the group of men (9.74%, p<0.01). Statistically
significant differences were also found in the whole group
(13.79%; p<0.01).
Figure 2 shows the linear regression between the
weekly energy expenditure calculated on the basis of
the declared values and the actual expenditure. The
calculations of the Pearson linear correlation coefficient
(r=0.94; p<0.05) showed a high correlation between the
variables determined.

Discussion
Research carried out as part of the study showed
that students declare a higher level of physical activity
compared to the actual performed activity (13.79%;
p<0.01). On this basis, it can be concluded that there is a
risk of error in assessing the volume of physical activity
in a survey. This is confirmed by the results of studies
where the energy expenditure estimated from various
questionnaires was compared with the expenditure
measured by a laboratory method of doubly labelled
water [16]. With correlation coefficients of the results of
parallel studies with these tools within the range of 0.5
– 0.7, in individual cases a significant overestimation of
physical activity in the survey was found. The main reason

Table 1. Frequency and value of daily physical activity in 3 zone of intensity (min).
Intensity

Female
IPAQ

Male
AC

Total

IPAQ

AC

IPAQ

AC

Frequency of daily physical activity (day/week)
PA 1

3.46±0.77

3.09±0.77*

4.12±1.82

3.98±1.75

3.80±0.96

3.55±0.83*

PA 2

5.36±1.68

4.87±1.59*

5.41±1.34

5.23±2.27*

5.39±1.01

5.06±1.85*

PA 3

6.23±1.09

6.01±1.16

6.27±1.67

6.12±1.86

6.25±1.32

6.07±0.96

Daily volume of physical activity (min)
PA 1

46.37±5.21

34.21±2.67

51.32±6.89

47.29±5.97*

48.93±6.28

40.97±3.82*

PA 2

103.85±11.28

92.38±8.88*

120.35±15.38

106.98±10.97*

112.38±19.13

99.93±10.93*

PA 3

145.72±15.97

135.38±17.29

157.38±13.67

152.15±15.97

151.75±18.02

144.05±15.99

PA 1 – Physical activity of high intensity, PA 2 – Physical activity of moderate intensity, PA 3 – Physical activity of low
intensity, IPAQ - Physical Activity Questionnaire, AC – accelerometer, * p<0.01 (significance level).

Level of weekly PA (MET)

2500

2000

1500
PA1
PA2

1000

PA3

500

0
IPAQ

AC

IPAQ

Female

AC
Male

Figure 1. Level of weekly physical activity (PA) in MET: PA 1 – Physical activity of high intensity, PA 2 – Physical activity
of moderate intensity, PA 3 – Physical activity of low intensity, IPAQ - Physical Activity Questionnaire, MET - metabolic
equivalent, AC – accelerometer.
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Figure 2. The relationship between the declared level of physical activity and the actual level calculated on the basis
of the IPAQ questionnaire and the accelerometer (AC).
for this is the difficulty in the proper assessment of the
intensity of physical activities undertaken by respondents
[16, 26]. However, considering the fact that the subjects
were students of the physical education faculty, the
ability to assess the intensity of physical activity should
not be difficult. Perhaps these discrepancies should be
explained by the tendency of respondents to overestimate
their activity, especially in the zone of high and medium
intensity activities [19, 27].
The above remarks refer to the average results,
in individual cases the discrepancy between the selfassessment of physical activity and its measurement was
significant. In a decidedly smaller number of cases a
higher level of PA was found in relation to the declared
activity. Therefore, in the course of further analyses,
an attempt was made to verify the presented test results
by assessing the strength of the correlation between
the results of self-assessment of physical activity and
its accelerator measurement. The high value of the
correlation coefficient points to a high conformity of the
self-assessment of physical activity with its measurement.
Self-assessment overestimation concerns the activities
taken in the respective zones [17].
The study showed significant gender diversity in the
frequency and duration of physical activity undertaken by
the respondents. Male students showed higher level of PA
in relation to female students. This is confirmed by the
results of many previous observations, in which age and
138

sex were identified as important determinants of physical
activity of the studied populations. The higher level of
male physical activity and fitness compared to female is
empirically confirmed [7, 12, 13].
It is emphasised in the literature that reliable
diagnosis of the PA level and its assessment is a complex
and multi-faceted process [12, 28]. It should consider
many elements. Among other things, the age and sex
of the subjects, somatic parameters and the purpose
of undertaken activity. Conducting physical activity
studies in various social groups, including cross-sectional
studies, gives the opportunity to characterise any
differences existing in the impact of a given variable on
undertaking physical activity, which may be a premise
for an individualised action [11]. This problem is dealt
with by, e.g., physiologists, epidemiologists, specialists in
ergonomics, nutrition and also physical culture sciences.
Numerous reviews of knowledge related to this subject
have already been published [2, 8, 23, 28-30]. Progress
in the area of knowledge in question, regarding practical
implications, is significant in recent years, both in terms
of measurement and diagnosis of PA. However, due to
changing social conditions, knowledge of these topics
requires its constant monitoring and synthesis.
Conclusions
Research carried out as part of the study showed
that students declare a higher level of physical activity
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compared to the actual performed activity. On this basis, it
can be concluded that there is a risk of error in assessing the
volume of physical activity in a survey. The study showed
significant gender diversity in the frequency and duration

of physical activity undertaken by the respondents.
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Abstract
Handgrip strength is widely accepted as a functionality parameter to assess upper extremity performance.
Purpose:

Material:

Results:

Conclusions:
Keywords:

The measurement of hand grip strength by dynamometry is a low cost, non-invasive method of simple
applicability. The present study is based on the association of dominant and non-dominant handgrip strength
with demographic and anthropometric characteristics; height, body weight, body mass index, upper arm
length, forearm length, hand length, forearm circumference, upper arm circumference.
The study included 70 male athletes in olympic style weightlifting (age: 18.06±2.18, height:1.74±.06 m, body
weight: 76.09±13.04 kg). A total of 70 sedentary individuals as a control group (age 18.11±.18, height:1.75±.04
m, body weight: 74.01±13.94 kg) were also taken to compare study findings. The data obtained was analyzed
by SPPS for Windows, version 25. Handgrip strength measurements were obtained by a Jamar dynamometer,
according to the recommendations of the American Association of Hand Therapists.
It was found that the values of dominant and non-dominant handgrip strength, upper arm circumference
and forearm circumference length of the weightlifting athletes were higher than those of sedentary
individuals (p<.001). No asymmetry was observed in dominant and non-dominant handgrip strength values
of the athletes and sedentary individuals. The correlations were noted between dominant and non-dominant
handgrip strength values of weightlifting athletes and demographic characteristics, some anthropometric
characteristics of upper extremity and weightlifting performance.
The variability of handgrip strength might largely be explained by some anthropometric characteristics of
upper extremity.
olympic style weightlifting, handgrip strength, dynamometry, anthropometric characteristics.

Introduction1
Handgrip strength (HGS) is defined as muscular
strength generated by hands. It is a general term which
is employed for clinical and occupational purposes and
by athletes requiring strength. Handgrip strength is the
result of the maximum force that the subject is able to
exert under normal biokinetic conditions through the
voluntary flexion of all finger joints, thumbs, and wrists
[1]. HGS tests are convenient, safe and reliable and do not
require large or expensive equipment [2]. Moreover, as an
indicator of general health and upper extremity strength,
HGS is widely evaluated for different clinical purposes
[3, 4]. The determination of HGS is also considered to
be very important while assessing performance in some
sporting activities [5, 6], and HGS has been used as an
indicator of overall muscle strength [7, 8].
HGS is affected by a number of factors that have
been investigated in different studies. According to these
studies, HGS possesses a positive correlation with age
[8, 9], body weight, height, [10], body mass index (BMI)
[4, 11, 12], forearm circumference [13], hand size [14]
© Kenan Erdağı, Osman Tüfekçi, Mustafa Yeşeri, Mehmet F. Yüksel,
Nimet Turgut, Burak E. Eroğlu, 2020
doi:10.15561/20755279.2020.0303

forearm and upper arm length [15]. It was reported that
owing to regular physical activities endured by athletes,
anthropometric characteristics and HGS values of athletes
are higher than anthropometric characteristics and HGS
values of sedentary individuals [15]. It was reported
that forearm circumference length of dominant and
non-dominant hand in male individuals is a determinant
for HGS [13]. In studies comparing dominant and nondominant HGS values, it was stated that dominant HGS
value is quite higher than non-dominant HGS value [10].
It was reported that hand anthropometric characteristics
and HGS values of athletes were higher than HGS values
of non-athletes and that a positive correlation existed
between hand anthropometric characteristics and HGS
values [14].
In literature, there are limited studies regarding the
assessment of correlations between HGS values and
physical characteristics of upper extremity of Olympic
style weightlifting athletes.
The study aims to determine HGS values of male
athletes in Olympic style weightlifting athletes and
sedentary individuals and to study correlations between
HGS values and some length and circumference
measurements of upper extremity of these groups.
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Materials and methods
Participants.
The study included two study groups: a group of
male athletes in Olympic style weightlifting (MO-sW,
n=70, age: 18.06±2.18) that participated in Olympic style
weightlifting championships held in 2019 in Turkey (the
cities of Sivas and Nevşehir) and a group of sedentary male
individuals that were not into sports previously (MCG,
n=70, age 18,11±.92). The ethical approval to conduct the
study was obtained from Medical Studies Except Medical
Devices Ethics Committee in the University of Necmettin
Erbakan, Meram Medical Faculty (dated 05/07/2019 and
numbered 1974). All procedures followed in the study
were in compliance with the ethics committee approval.
All participants were informed regarding the study.
Research Design.
The study criteria for the athlete groups were as
follows: Having Olympic style weightlifting trainings
(snatch, clean-and-jerk, snatch or clean and jerk/hang
and specific weightlifting trainings) for the last two years
regularly (at least 4 days a week during this period), and
having participated in national Olympic style weightlifting
championships in the last year. The study criteria for the
sedentary individuals were as follows: Having no sports
training before. The participants in both groups with
any joint problems of hand, wrist and elbow, history of
fracture, musculoskeletal or neurological disorder, and
deformities of upper limb were excluded from the study.
Anthropometric Measurements
A platform scale was used for weight and a tape
measure was used for height and circumference
measurements of the groups. All height and circumference
measurements were recorded in centimeter (cm). During
the measurements of hand, hand dorsal was on the table
and fingers were in full extension, the second and the
fifth fingers were in adduction and thumb was in a slight
extension position. The height (BH), body weight (BW),
body mass index (BMI) values of the participants and
methods and reference points to obtain anthropometric
measurements of upper extremity (right arm, left arm)
were listed below. For the height of the participants, the
vertical distance from floor to the top point of head of the
participant was measured (by Seca 769, Germany, 0.01 cm
precision) while the participants were in upright position
with naked feet and their heels were in touch each other.
For the body weight measurement, the participants were
asked to step on the platform scale only with their shorts
and t-shirt and with naked feet. The value read on the
screen of electronic scale (BC-416 MA CIID, Japan) with
0.1kg precision was recorded in kilogram (kg). BMI value
was calculated by the formula: body weight/(height)2.
Upper arm length (UAL): We measured the distance from
acromion to olecranon. The measurement was done while
the arm was near the body in rest position [16]. Forearm
length (FAL): The distance between olecranon to styloid
process was measured while the elbow was at 90 degreeflexion [3]. Hand length (HL): The distance between end
tip of middle finger to middle of distal line (plica carpalis
distali), bordering hand and hand wrist was measured [14,
142

17]. Forearm circumference (FAC): While the elbow was
at 90 degree-flexion and the forearm was at supination, the
measurement was made from the 12 cm distal to olecranon
without pressure [13]. Upper arm circumference (UAC):
The criteria point was medial epicondyles of humerus.
From this point, 10-15 cm or the most swollen area was
marked and upper arm circumference was measured
while the arm was near the body in rest position [18]. For
the weightlifting performance assessment, one repetitions
maximum (1RM kg) results in snatch and clean-and-jerk
in weightlifting events were obtained from the online
data of Turkish Weightlifting Federation. To determine
dominant (right) and non-dominant hand (left), the
athletes were asked which hand they use more often in
daily activities requiring hand force. All participants in
our study were right-handed, that is, their right hand was
dominant. No participants reported ambidexterity.
Handgrip Strength Measurement
We performed all measurements in a standardized
arm position for HGS tests as suggested by the American
Society of Hand Therapists [19]. HGS was measured by
using the standard adjustable-handle Jamar dynamometer
(Asirnow Engineering Co., Los Angeles, CA, USA).
The obtained HGS values were recorded in kg. The
participants were asked to sit while their shoulders were
abducted and neutrally rotated, elbows were flexed at 900
and the forearm and wrist were in neutral position. The
participants were instructed to take two to three seconds to
reach maximum effort and they were verbally encouraged
during the measurements. For each strength test the scores
of three successive trials were recorded for each hand.
The highest HGS for each hand (dominant hand HGS,
(D-HGS), non-dominant hand HGS (ND-HGS)) was
used for analysis. The trials for each measurement were
separated by a rest of at least one minute to minimize
fatigue.
Statistical Analysis
For the analysis of the data, SPPS 25 (IBM Corp.
Released 2017. IBM SPSS Statistics for Windows,
Version 25.0. Armonk, NY: IBM Corp.) statistical
packaged software was used. MANOVA analyses were
managed to study differences in demographic variables,
some anthropometric values of upper extremity, D-HGS
and ND-HGS values between the groups of athletes and
sedentary individuals. To compare D-HGS and ND-HGS
values and some anthropometric characteristics of upper
extremity of study groups, t-test for dependent groups
were conducted. The correlations between D-HGS and
ND-HGS values and other variables of the groups were
studied by using correlation analysis.
Results
From the first MANOVA analysis, significant
differences were observed in MO-sW and MCG groups,
Pillai’s Trace=.46, F(6, 133)= 18.57, Eta-squared =.46.
From further analyses to find out which independent
variable affects the change, it was observed that D-HGS
and ND-HGS values were significantly different. No
statistically significant difference was found to be present
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in demographic variables of MO-sW and MCG groups.
However, it was found D-HGS and ND-HGS values of
athletes were higher than D-HGS and ND-HGS values of
sedentary individuals (Table 1). Moreover, it was found
in the groups of athletes that maximum snatch weight was
114 kilos and maximum clean-and-jerk weight was 138
kilos.
From the other findings of following MANOVA
analyses, MO-sW and MCG groups were statistically
significant Pillai’s Trace=.45, F(10, 129)= 10.50, Etasquared=.45). From further analyses to find out which
independent variable affects the change, significant
differences exist in RFAL, LFAL, RFAC, LFAC, RUAC
and LUAC values of the groups. RUAL, LUAL, RHL
and LHL values of the athletes and sedentary individuals
were not statistically different. However, RFAL, LFAL,
RFAC, LFAC, RUAC and LUAC values of the athletes
were higher than those of sedentary individuals (Table 2).
Another aim of the study was to compare D-HGS
and ND-HGS and some anthropometric values of upper
extremity of the athletes and sedentary individuals.
To do so, t-Test was carried out for dependent groups.
The findings of the analyses showed that no significant
difference existed in D-HGS and ND-HGS values of both
groups (p>.05).
The correlations between D-HGS and ND-HGS and
some anthropometric values of upper extremity of MOsW and MCG groups are shown in Table 3. A higher
correlation was found in D-HGS and ND-HGS values of
MO-sW. Moreover, apart from age, RUAL, LUAL, RFAL
and LFAL variables of MO-sW, other variables were
observed to be correlated with D-HGS and ND-HGS.
A high correlation was found between D-HGS and NDHGS of MCG. Furthermore, D-HGS and ND-HGS values
were correlated with RFAC and LFAC variables of MCG.

Discussion
No statistical difference was observed in age, BH, BW
and BMI variables of the athletes and sedentary individuals
in the study. However, it was noted that (right-left) FAL,
(right-left) FAC, (right-left) UAC measurements of upper
extremity and HGS values of MO-sW were higher than
those of MCG. Upper extremity anthropometry and
HGS differences observed in weightlifting athletes and
sedentary individuals are considered likely to be due to
regular weightlifting trainings of the athletes.
HGS is affected by a number of factors that have
been investigated in different studies. According to these
studies, HGS possesses a positive correlation with age,
BW, BH, BMI and some anthropometric characteristics
of upper extremity. Fallahi and Jadidian [14] studied the
correlations between HGS and hand dimensions, hand
shape and some hand anthropometric characteristics of
male athletes (basketball, handball, volleyball players,
wrestlers) and they reported that HGS, HL, palm width,
finger length, FAL, FAC and wrist circumference values
of the athletes were higher than those of non-athletes.
It was reported that height, HL, hand width, total arm
length, right-left HGS values of cricketers are higher than
those of sedentary individuals and the differences might
be owing to the regular physical exercises of the athletes
[15]. It was stated that D-HGS and ND-HGS values of
athletes participating in international tennis tournaments
are higher than HGS values of sedentary individuals [20].
In a study on anthropometric characteristics and HGS
values of male elite rock climbers (the highest climbing
grades), recreational climbers (a low climbing grade
category) and non-climbers (had not previously done any
rock climbing), it was declared that HGS values of elite
rock climbers are higher than HGS values of the other two
groups [21]. Franchini et al. [22] assessed upper extremity
anthropometry and HGS values of elite and non-elite

Table 1. Demographic, D-HGS and ND-HGS values of MO-sW and MCG groups.
Characteristics
Age (year)
BH (cm)
BW (kg)
BMI (kg/m2)
D-HGS (kg)
ND-HGS (kg)

Groups
(MO-sW n=70, MCG n=70)
MO-sW
MCG
MO-sW
MCG
MO-sW
MCG
MO-sW
MCG
MO-sW
MCG
MO-sW
MCG

Mean

SD

18.06
18.11
1.74
1.75
76.09
74.01
24.78
23.97
54.81
40.37
53.71
39.69

2.18
.92
.06
.04
13.04
13.94
3.46
3.84
10.83
6.19
10.27
7.56

F

Eta-squared

.041

.000

.289

.002

.824

.006

1.687

.012

93.80***

.405

84.63***

.380

Note: MO-sW: Male athletes in olympic style weightlifting, (MCG: Male sedentary control group, BH: Height, BW:
Body weight, BMI: Body mass index, D-HGS: Dominant handgrip strength, ND- HGS: Non-dominant handgrip strength.
***p <.001
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Table 2. The comparison of some anthropometric values of upper extremity of athletes and sedentary individuals
Variables
RUAL (cm)
LUAL (cm)
RFAL (cm)
LFAL (cm)
RHL (cm)
LHL (cm)
RFAC (cm)
LFAC (cm)
RUAC (cm)
LUAC (cm)

Groups
Mean
(MO-sW n=70, MCG n=70)
MO-sW
36.25
MCG
36.64
MO-sW
36.15
MCG
36.55
MO-sW
28.95
MCG
27.91
MO-sW
29.05
MCG
27.82
MO-sW
19.23
MCG
18.96
MO-sW
19.24
MCG
18.99
MO-sW
28.26
MCG
24.15
MO-sW
28.20
MCG
24.15
MO-sW
32.68
MCG
28.28
MO-sW
32.50
MCG
28.22

SD
3.29
2.46
3.27
2.51
2.15
1.98
2.48
1.90
1.13
1.60
1.16
1.61
2.97
2.06
2.85
1.95
4.22
3.30
4.23
3.31

F

Eta-squared

.638

.005

.682

.005

8.845**

.060

10.857**

.073

1.338

.010

1.101

.008

89.965***

.395

96.202***

.411

47.182***

.255

44.109***

.242

Note: MO-sW: Male athletes in Olympic style weightlifting, (MCG: Male sedentary control group, RUAL, LUAL: (Right,
Left upper arm length), RFAL, LFAL: (Right, Left forearm length), RHL, LHL: (Right, Left hand length), RFAC, LFAC: (Right,
Left forearm circumference), RUAC, LUAC: (Right, Left upper arm circumference). **p <.01, ***p <.001
Table 3. The correlations between D-HGS, ND-HGS and some anthropometric values of upper extremity of the groups.
Variables
D-HGS
ND-HGS
Age
BH (cm)
BW (kg)
BMI (kg/m2)
Snatch (kg)
Clean and jerk (kg)
RUAL (cm)
LUAL (cm)
RFAL (cm)
LFAL (cm)
RHL (cm)
LHL (cm)
RFAC (cm)
LFAC (cm)
RUAC (cm)
LUAC (cm)

MO-sW
(n= 70)
D-HGS
1
.824***
.096
.342**
.464***
.373**
.595***
.594***
-.018
.002
.041
.034
.311**
.344**
.450***
.452**
.335**
.342**

ND- HGS
.824***
1
.102
.337**
.505***
.422***
.641***
.637***
.055
.068
.114
.049
.363**
.335**
.553***
.554**
.439***
.433***

MCG
(n= 70)
D-HGS
1
.794***
.081
.231
.086
.027
.139
.114
.220
.203
.208
.180
.280*
.241*
.070
.078

ND- HGS
.794***
1
.007
.178
.059
.015
.141
.099
.172
.185
.027
.006
.245*
.238*
.135
.148

Note: MO-sW: Male athletes in Olympic style weightlifting, MCG: Male sedentary control group, D-HGS: Dominant
handgrip strength, ND-HGS: Non-dominant handgrip strength, BH: Height, BW: Body weight, BMI: Body mass index,
RUAL, LUAL: (Right, Left upper arm length), RFAL, LFAL: (Right, Left forearm length), RHL, LHL: (Right, Left hand length),
RFAC, LFAC: (Right, Left forearm circumference), RUAC, LUAC: (Right, Left upper arm circumference). *p <.05, **p <.01,
***p <.001
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judo athletes and they reported that anthropometric
measurements of elite judo athletes are higher than those
of non-elite judo athletes, whereas no statistical difference
exists in HGS values of elite and non-elite judo athletes.
In literature, there are limited studies regarding the
correlations between HGS values and anthropometric
characteristics of upper extremity of weightlifting
athletes. Furthermore, most of these studies were into the
comparison of HGS values of weightlifting athletes and
athletes in other types of sports. We were not able to find
any studies regarding HGS values of female weightlifting
athletes. In a study on physical and physiological
characteristics of judo and weightlifting athletes, it was
reported that HGS values of weightlifting athletes were
not statistically different from HGS values of judo athletes
[23]. Fry et al. [5] studied physical performance of elite,
non-elite junior Olympic style weightlifting athletes aged
14.8±2.3 and reported that HGS values of elite junior
athletes competing in world weightlifting championships
and breaking world records were 52.5±8.1kg, whereas
HGS values of non-elite junior athletes were 48.1±13.6
kg. Akkuş [24] studied the correlations between snatch and
clean-and-jerk records and anthropometric characteristics,
physiological variables and bio-motor abilities of elitelevel Turkish weightlifting athletes and they expressed
that right HGS values of the athletes were 55.90± 10.93
kg and left HGS values were 50.89± 9.54 kg.
It was observed in our study that HGS values of
the weightlifting athletes in our study were higher than
Fallahi and Jadidian [14] (volleyball, handball, basketball
players), Koley et al. [15] (cricket players), Singla and
Hussain [25] (adolescent and adult cricket players),
Franchini et al. [22] (judo athletes), Gerodimos [26]
(prepubertal, adolescent basketball players), Sarıtaş et
al. [23] (weightlifting and judo athletes), Fry et al. [5]
(weightlifting athletes), Grant et al. [21] (climbers). We
consider that HGS differences observed in groups might
also be caused by age, BH, BW, BMI, upper extremity
anthropometry characteristics, HGS measurement
methods as well as the type of sports and different kinds
of trainings that affect handgrip strength. Moreover, it
was observed that HGS values of adult basketball players
in the study of Gerodimos [26] are higher than HGS
values of weightlifting athletes in our study. We are of
the opinion that these differences observed in HGS values
might be correlated with the fact that age, BH, BW and
training year data of the basketball players are higher than
those of athletes in our study. Although UAC and FAC
values of the tennis players in the study of Gojanovic et al.
[20] were lower than those of the weightlifting athletes in
our study, it was observed that their D-HGS were higher
than D-HGS of the weightlifting athletes. We estimate that
the difference might be due to age range of the groups. It
was observed that right HGS of the weightlifting athletes
in the study of Akkuş [24] was higher than right HGS
values of the athletes in our study. It is considered that
the difference might be closely correlated with age, BW,
UAC differences along with weightlifting performances.
Depending on the use of dominant hand, right HGS

and left HGS might be different. In our study, it was
known that all participants of the study, both the athletes
and the sedentary individuals, preferred their right hand
as dominant one. However, when we compared D-HGS
and ND-HGS values of all participants, no asymmetry
was observed between dominant and non-dominant hand.
Anakwe et al. [13] reported that HGS values of healthy
males are higher than HGS values of females. What’s
more, the authors also reported that in both groups D-HGS
values are higher than ND-HGS values. In another study
including healthy males and females, Li et al. [27] stated
that FAC measures of dominant hand of healthy males and
females were bigger than FAC measures of non-dominant
hand, as a result of this, D-HGS values are higher than NDHGS. It was explained that tennis players participating
in international and national tournaments have higher
D-HGS values than ND-HGS values and the resulting
higher HGS values might be correlated with asymmetric
tennis trainings [20]. In their study including fencing
athletes, Margonato et al. [28] reported that D-HGS of
the athletes is higher than ND-HGS. The researchers
commented that D-HGS and ND-HGS differences
observed might be due to asymmetric trainings in fencing
sport. In a study on the evaluation of HGS values of male
handball players, it was declared that D-HGS and NDHGS values of the athletes are much higher than ND-HGS
values [29]. The researchers reached to the conclusion
that the reasons for D-HGS and ND-HGS asymmetry in
these athletes might be caused by the fact that they prefer
their dominant hand during trainings and competitions. In
another study on HGS values of male basketball players
at different ages (prepubertal, adolescent and adult), it
was found no statistical difference exists in D-HGS and
ND-HGS values of the participants [26]. The researcher
stated that the reason for the symmetry in D-HGS and
ND-HGS values of the players might be owing to the fact
that in basketball, players use both hands continually and
simultaneously.
Olympic style weightlifting is a type of symmetric
sports. From the view that the load on each arm is the
same during snatch and clean-and-jerk movements,
we consider that D-HGS and ND-HGS values of the
weightlifting athletes in our study are equal. However,
asymmetric developments occur slowly and depend on
different factors (technical level and training experience
of the athlete, the lack of specific exercise in related
sport), we think that the determination of D-HGS and NDHGS values at certain intervals to detect any asymmetric
development and the prevention of any such developments
through specific exercises might be useful for the body
health and athletic performance of the athletes.
In a study comparing the correlation between HGS
values and anthropometric and demographic data, it
was reported that D-HGS and ND-HGS values are not
correlated with age, whereas the values are positively
and moderately correlated with height, body weight, hand
length and forearm length. Also, it was stated that both
D-HGS and ND-HGS values are positively and highly
correlated with hand width and FAC [30]. In another
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study including sedentary individuals, Kallman et al. [8]
found that HGS increases into the fourth decade of life
and declines thereafter at an accelerating rate. They also
noted that muscle mass and FAC decrease by age and
summed FAC is strongly correlated with HGS. Balogun
et al. [11] reported that a positive correlation exists in
HGS and body weight and height independently of age.
Nonetheless, the researchers also noted that during the
first two decades of life, HGS is positively correlated with
Quetelet index. In another study assessing the correlations
of HGS with hand dimensions, hand shape and some
hand anthropometric characteristics of male athletes
and non-athletes, it was reported that HGS is positively
correlated with body height, body mass, lean body mass,
BMI of athletes and with body mass, lean body mass,
body fat and BMI of non-athletes [14]. Moreover, the
authors of the study also declared that after controlling
body mass, all hand anthropometric characteristics
except thumb length, hand shape, middle finger length
and FAC are significantly correlated with HGS in grip
athletes, but not in non-athletes, except for FAC. Yıldırım
et al. [29] reported that right HGS of handball players is
correlated with biceps circumference, FAC, hand wrist
circumference and upper arm length. Singla and Hussain
[25] noted that HGS values of adolescent cricket players
are not correlated with age, height, body weight and
BMI, however, left HGS values of adult cricket players
are significantly correlated with height, body weight and
BMI. In another study including cricket players, Koley
et al. [15] stated that right HGS values of the players are
positively and significantly correlated with body weight,
BMI, HL, hand width and FAL values. Aydos et al. [31]
studied HGS values of weightlifting athletes, athletes in
individual and team sports and they expressed that they
didn’t notice a correlation of HGS with body weight
of weightlifting athletes however HGS values of other
athletes doing individual or team sports are correlated
with body weight. Erdağı et al. [32] reported that Olympic
style weightlifting training positively increased the
finger strength of weightlifting athletes. In another study
conducted with elite Turkish weightlifting athletes, Akkuş
[24] stated that as body weight of weightlifting athletes
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increases, HGS values also reach at higher values. The
author also noted that wrist diameter, UAL and FAL
positively correlate with weightlifting performance
(snatch and clean-and-jerk).
In our study, it was observed that D-HGS and NDHGS values of athletes and sedentary individuals are
highly correlated. Moreover, it was found that D-HGS and
ND-HGS values of athletes are correlated with BH, BW,
BMI, right and left arm HL, FAC, UAC and weightlifting
performance. It was also found that D-HGS and ND-HGS
values of sedentary individuals and right-left arm FAC are
correlated.
There were various limitations in our study. Especially,
during the study period, we had an insufficient number of
female Olympic style weightlifting athletes participating
in national championships. That’s why, the study was
conducted with male weightlifters only and the inclusion
of female athletes would generalize our study. Moreover,
we might state that more studies with more samples
might be needed in further studies with Olympic style
weightlifting athletes.
Our study proved that D-HGS and ND-HGS values of
weightlifting athletes are higher than those of sedentary
individuals. Also, the study showed that D-HGS and NDHGS values of the groups correlate with demographic data,
some anthropometric characteristics of upper extremity,
and weightlifting performance (apart from age, (right-left
arm) UAL and FAL values). Based on these findings, we
might express that Olympic style weightlifting sport and
specific exercises of this sport correlate with D-HGS and
ND-HGS values. Furthermore, the findings of the present
study might be useful for future investigations to select
weightlifting athletes, to identify talents in Olympic style
weightlifting and to develop training program.
Funding
This project was self-funded. The paper presented
orally at the 17th. International Sport Sciences Congresss,
13-16 November 2019, Antalya, Turkey.
Conflicts of Interest
The authors declare no conflict of interest.

2020

03
References
1. Koley S, Yadav MK. An association of hand grip strength
with some anthropometric variables in Indian cricket players.
Phys Educ Sport, 2009; 7: 113–123.
2. Bassey
EJ.
Measurement
of
muscle
strength
and power. Muscle Nerve, 1997; 5: 44–46.
https://doi.org/10.1002/(SICI)10974598(1997)5+<44::AID-MUS11>3.0.CO;2-Z
3. Nicolay CW, Walker AL. Grip strength and endurance:
influences of anthropometric variation, hand dominance,
and gender. Inter J Ind Ergon, 2005; 35: 605–618.
https://doi.org/10.1016/j.ergon.2005.01.007
4. Schlüssel M M, Dos Anjos LA, De Vasconcellos
MTL, Kac G. Reference values of handgrip
dynamometry of healthy adults: A population-based
study. Clinical Nutrition, 2008; 27(4): 601–607.
https://doi.org/10.1016/j.clnu.2008.04.004
5. Fry AC, Cıroslan D, Fry MD, Leroux CD, Schıllıng BK, Chıu
LZ. Anthropometric and performance variables discriminating
elite American junior men weightlifters. Journal of Strength
and Conditioning Research, 2006; 20(4): 861–866.
https://doi.org/10.1519/00124278-200611000-00023
6. Visnapuu M, Jürimäe T. Handgrip strength and
hand dimensions in young handball and basketball
players. J Strength Cond Res, 2007; 21(3): 923- 929.
https://doi.org/10.1519/00124278-200708000-00045
7. Bassey EJ, Harries UJ. Normal values in hand grip strength in 920
men and women aged over 65 years, and longitudinal changes
over 4 years in 620 survivors. Clin. Sci, 1993; 84: 331–337.
https://doi.org/10.1042/cs0840331
8. Kallman DA, Plato CC, Tobin JD. The role of muscle strength
loss in the age-related decline in grip strength: cross-sectional
and longitudinal perspectives. J. Gerontol, 1990; 45(3): 82–88.
https://doi.org/10.1093/geronj/45.3.m82
9. Mathiowetz V, Kashman N, Volland G, Weber K, Dowe M,
Rogers S. Grip and pinch strength: Normative data for adults,
Arch Phys Med Rehab, 1985; 66: 69–72.
10.Chatterjee S, Chowdhuri BJ. Comparıson of grip strength
and isometric endurance between the right and left hands
of men and their relationship with age and other physical
Parameters. J. Human Ergol, 1991; 20: 41–50.
11. Balogun JA, Akinloye AA, Adenlola SA. Grip strength as
a function of age, height, body weight and Quetelet index.
Physiotherapy Theory and Practice, 1991; 7(2): 111–119.
https://doi.org/10.3109/09593989109106961
12.Hammed AI, Obaseki CO. Interdependence of body
mass index with handgrip strength and endurance among
apparently healthy teenagers. Turkish Journal of Kinesiology,
2018; 4(1): 1–7.
13.Anakwe RE, Huntley JS, Mceachan JE. Grip strength and
forearm circumference in a healthy population. Journal of
Hand Surgery (European Volume), 2007; 32(2): 203–209.
https://doi.org/10.1016/j.jhsb.2006.11.003
14.Fallahi A, Jadidian A. The effect of hand dimensions,
hand shape and some anthropometric characteristics on
handgrip strength in male grip athletes and non athletes.
Journal of Human Kinetics, 2011; 29(1): 151–159.
https://doi.org/10.2478/v10078-011-0049-2
15.Koley S, Yadav M, Sandhu J. Estimation of hand grip
strength and its association withsome anthropometric traits
in cricketers of Amritsar, Punjab, India. The internet journal
of biological anthropology, 2009; 3(1): 7.
16.Zorba E, Ziyagil MA. Body composition and measurement
methods, Gen Matbaacılık, 1995; 44(68): 227–235. (in
Türkish)
17.Pheasant S. Anthropometry, Ergonomics and the Design of
Work. 2nd ed. London: Taylor and Francis; 1996.

18.Otman SA, Demirel H, Sade A. Tedavi Hareketlerinde
Temel Değerlendirme Prensipleri [Fundamental Assessment
Principles in Treatment Movements]. Ankara, Hacettepe
Üniversitesi Fizik Tedavi ve Rehabilitasyon Yayınları
[Ankara, Hacettepe University, Physiotherapy and
Rehabilitaion Publications]. 1998. (in Turkish).
19.Fess EE. Grip Strength. In: J.S. Casanova (ed.), Clinical
assessment recommendations. Chicago: American Society of
Hand Therapists, 1992. P. 41–45.
20.Gojanovic B, Waeber B, Gremion G, Liaudet L, Feihl F.
Bilateral symmetry of radial pulse in high-level tennis players:
implications for the validity of central aortic pulse wave
analysis. Journal of Hypertension, 2009; 27(8):1617–1623.
https://doi.org/10.1097/hjh.0b013e32832bffc0
21.21. Grant S, Hynes V, Whittaker A, Aitchison T.
Anthropometric, strength, endurance and flexibility
characteristics of elite and recreational climbers.
Journal of Sports Sciences, 1996; 14(4): 301–309.
https://doi.org/10.1080/02640419608727715
22.Franchini E, Takito1 MY, Kiss MAPDM, Sterkowicz S.
Physical fıtness and anthropometrical differences between
elite and non-elite judo players. Biology of Sport, 2005;
22(4): 315–318.
23.Sarıtaş N, Hayta Ü, Kaya M. Examination of some physical
and physiological findings of male judoka and weightlifters
in ındividual sports. Gaziantep Üniversitesi Spor Bilimleri
Dergisi, 2018; 3(4): 200–211.
24.Akkuş H. The relationships between anthropometric
characteristics,
biomotor
abilities,
physiological
characteristics and success in elite weightlifters
[dissertation]. 1994.
25.Singla
D,
Hussain
ME. Association
between
handgrip strength and back strength in adolescent
and adult cricket players. International Journal
of Adolescent Medicine and Health, 2018; 0(0).
https://doi.org/10.1515/ijamh-2017-0177
26.Gerodimos V. Reliability of handgrip strength test in basketball
players. Journal of Human Kinetics, 2012; 31(1): 25–36.
https://doi.org/10.2478/v10078-012-0003-y
27.Li K, Hewson DJ, Duchêne J, Hogrel JY. Predicting
maximal grip strength using hand circumference.
Manual
Therapy,
2010;
15(6):
579–585.
https://doi.org/10.1016/j.math.2010.06.010
28.Margonato V, Roi GS, Cerizza C, Galdabino GL. Maximal
isometric force and muscle cross‐sectional area of the forearm
in fencers. Journal of Sports Sciences, 1994; 12(6): 567–572.
https://doi.org/10.1080/02640419408732207
29.Yıldırım İ, Baş O, Kabadayı M, Taşmektepligil MY, Ocak
Y, Karagöz Ş. Examination of the correlation of hand grip
strength with upper extremity physical charactercistics in
the male players of handball super league. Mustafa Kemal
university journal of physical education and sport sciences,
2010; 1(1): 9–15.
30.Lopes J, Grams ST, Silva EF, De Medeiros LA, De Brito
CMM, Yamaguti WP. Reference equations for handgrip
strength: Normative values in young adult and middleaged subjects. Clinical Nutrition, 2018; 37(3), 914–918.
https://doi.org/10.1016/j.clnu.2017.03.018
31.Aydos L, Pepe H, Karakuş H. The research of relative
force evaluations in some team and individual sports. Gazi
Üniversitesi Kırşehir Eğitim Fakültesi, 2004; 5(2): 307–314.
32.Erdağı K, Yargıç MP, Kürklü GP, Aydın L. Accuracy of
pinch force sense in elite female adolescent weightlifters.
Turkish Journal of Sports Medicine, 2019; 55(x):i vii;2020.
https://doi.org/10.5152/tjsm.2020.165

147

PHYSICAL
EDUCATION
OF STUDENTS

Information about the authors:
Kenan Erdağı; (Corresponding Author); Assistant Professor; https://orcid.org/0000-0002-2338-6546; kenanerdal@hotmail.
com; Faculty of Education, Necmettin Erbakan University; Konya, 42090, Turkey.
Osman Tüfekçi; Medical doctor; https://orcid.org/0000-0001-5140-3377; uzdrosman@gmail.com; Private Farabi Hospital,
Konya, Turkey.
Mustafa Yeşeri; Medical doctor; https://orcid.org/0000-0002-0549-2783; mustafayeseri42@gmail.com; Private Farabi Hospital,
Konya, Turkey.
Mehmet F. Yüksel; Assistant Professor; http://orcid.org/0000-0001-6481-5098; yukselmehmetfatih@gmail.com; Faculty of
Education, Necmettin Erbakan University; Konya 42090, Turkey.
Nimet Turgut; Research assistant; http://orcid.org/0000-0001-6446-2958; nturgut@selcuk.edu.tr; Selcuk University, Veterinary
Faculty, Anatomy Department, Konya, Turkey.
Burak E. Eroğlu; Weightlifting trainer; http://orcid.org/0000-0002-6683-3385; burakertugruleroglu@gmail.com; Youth and
Sports Provincial Directorate, Konya, Turkey.
Cite this article as:
Kenan Erdağı, Osman Tüfekçi, Mustafa Yeşeri, Mehmet F. Yüksel, Nimet Turgut, Burak E. Eroğlu. A study on the determination
of handgrip strength of Olympic style weightlifting athletes. Physical Education of Students, 2020;24(3):141–148.
https://doi.org/10.15561/20755279.2020.0303
This is an Open Access article distributed under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited
http://creativecommons.org/licenses/by/4.0/deed.en
Received: 12.02.2020
Accepted: 15.03.2020; Published: 30.06.2020

148

2020

03
ORIGINAL ARTICLE

Effect of different training modes of strength exercises on
a student’s body
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Abstract
Scientific-methodical literature underlined the importance of improving the effectiveness of physical
Purpose:

Material:

Results:

Conclusions:
Keywords:

education’s tools and methods during the scheduled university lessons. Scientists point out the necessity
to take into account every factor determining the training effect of lessons with strength exercises. The
immediate training effect can be determined by measuring the heart rate during different modes of strength
exercises and during recovery. The aim of this study is to analyse the strength exercises’ immediate training
effect on a student’s body in the static mode and in the isotonic mode.
In the study participated 47 freshman male students of the Sochi State University (Russia). The study took
place in September-December 2019. Heart rate was measured with Sport Testers POLAR RS-400 during
strength exercises and during recovery. The results were analysed in the computer programme SPSS Statistics
v22.0. Statistical significance of the results was defined using non-parametric Wilcoxon test. Heart rate was
analysed during four types of plank positions in static and isotonic modes.
The study determined the effect of different training modes of strength exercises on a student’s body. The
immediate training effect of doing the bodyweight strength exercises in the isotonic mode compared to
the static mode is characterised by a higher maximum heart rate at the end of doing the exercise (р<0,05);
a higher average heart rate during the exercise and during rest until the next exercise (р<0,05); a higher
combined heart rate (р<0,05).
The isotonic mode of the bodyweight strength exercises has a more prominent training effect than the
static mode due to the specific nature of muscle contractions. Due to analysed heart rate values, the authors
recommend taking into account the individual level of every student’s physical fitness.
students, strength exercises, static and isotonic modes; heart rate.

Introduction1
The issue of effective use of physical education’s
different tools during the scheduled university lessons
arises from the decline of students’ physical fitness in
Russia [1, 2] and in other countries [3]. There are no
significant differences in physical fitness level between
Russian students and students from other countries [3].
The amount of time that students spend on physical
activity has a significant influence on the level of their
physical fitness [4, 5, 6]. The implementation of the
educational module “Physical education and sport” is
regulated by the Federal State Educational Standard [7],
and it provides not enough time for physical activity in a
university, as noted [8]. That’s why improving physical
education teaching in universities should be accomplished
by improving the methods of using physical education
tools during the scheduled lessons. As indicated, during
the scheduled lessons a positive effect is achieved as a
result of cyclical aerobic exercises [9], shaping [10],
sports and active games [11, 12], etc. A positive healthful
training effect of the lessons with the strength exercises
is established [13]. The implementation of the modern
technologies [1], new and popular tools of physical
education [14] warrant the evaluation of their training
effect on a human body. Factors that define healthful

training effect of physical exercises on a human body: the
intensity of doing the exercise; the amount of work done;
rest time between sets and between exercises; the mode of
exercise [15, 16]. The intensity of doing a strength exercise
can be calculated with a weight amount and a number of
repetitions [17]. Under this approach, Pourrazi et al. [18]
record the same training effect between groups that did
the strength exercises with low (50%) and middle (75%)
intensity. Maybe it stems from the authors’ methodical
approach in calculating the intensity of the exercise.
A more perspective approach would be calculating the
intensity based on the maximum weight of the load [19].
An easy measure of the internal intensity of the exercise is
the heart rate. Khomiakov GK. [20, р. 182] notes that the
circulatory system’s functional condition is the leading
factor limiting the amount of physical intensity. Physical
fitness of students affects the training effectiveness of
physical education’s tools [21]. It can be acknowledged
that strength exercises’ distinctive effects on a human
body need further study and specification. First of all, the
effects of doing the exercises in different modes.
The aim of this study is to analyses the strength
exercises’ immediate training effect on a student’s body
in static and isotonic modes.
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Participants. In the experimental study participated
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freshman male students of the Sochi State University
(n=47). At the beginning of the experiment the participants’
median age was 17,9±1,8 years old, the median weight –
74,1±2,4 kg, the median height – 175,1±3,3 cm. The entry
criterion for participating in the study was a voluntary
informed consent to participate. The study procedure
complied with Ethical Committee standards.
Research Design.
The study’s type was laboratory with cross
comparisons. Cross comparisons were made in two
stages. The participants of the experimental study were
randomly divided into two groups. In the beginning of the
lesson the participants did standard warm-up: 6 minutes
of step aerobics, 12 minutes of slow running, 8 minutes
of stretching and 6 minutes of special running exercises.
During the first stage after the standard warm-up group A
(n=24) did the bodyweight strength exercises in the static
mode, and group B (n=23) did the bodyweight strength
exercises in the isotonic mode. The second stage of the
study was conducted one week after the first one at the same
time. During the second stage after the standard warm-up
group B (n=23) did the bodyweight strength exercises in
the static mode, and group A (n=24) did the bodyweight
strength exercises in the isotonic mode (during plank
positions, the participants were slowly moving their pelvis
without relaxing the involved muscles). Every participant
did the exercise in two modes. The exercises began and
ended on command. The time between exercises was
two minutes. Each strength exercise was being done for
35 seconds; rest time amounted to 85 seconds. Every
participant of the experiment did the bodyweight strength
exercises in the static and in the isotonic mode, which

improves the reliability of the collected data. Sport Testers
Polar RS-400 were used to measure the heart rate. This
allowed determining the circulatory system’s reaction to
the physical exercises with high accuracy. The heart rate
was measured during the exercises and during recovery.
The exercises were done lying down on polyurethane foam
mats, which standardized the technique of the exercises.
The only difference was in the mode of the exercises.
Statistical Analysis.
The collected data was analysed in the computer
programmes Microsoft Excel 2010 and SPSS Statistics
v22.0. Descriptive statistics parameters were calculated:
arithmetic mean (M) and standard deviation (SD). The
statistical significance of the results of the bodyweight
strength exercises in static and isotonic modes was defined
using non-parametric Wilcoxon test [22].
The assumption that there are no significant
differences between the effects on a student’s body from
the bodyweight strength exercises in the static mode and
in the isotonic mode was accepted as a null statistical
hypothesis. The alternative hypothesis – doing the
bodyweight strength exercises in the isotonic mode has
a more prominent training effect (statistically significant)
than doing the bodyweight strength exercises in the static
mode. Acceptance or rejection of the null hypothesis was
made using a significance level р = 0,05 (95%).
Results
The analysis of the heart rate deviations during the
bodyweight strength exercises shows, that (Table):
- the maximum heart rate right after doing the exercises
in the isotonic mode statistically differs from the heart

Table. Comparison of the strength exercises’ training effect on a student’s body in the static mode (top line) and in the
isotonic mode (bottom line)
Exercises

Right-side forearm plank
P1-2
Left-side forearm plank
P1-2
Reverse forearm plank
P1-2
Forearm plank
P1-2

Initial heart
rate
(BPM)

Maximum
heart rate.
(BPM)

Average heart
rate
(BPM)

Combined heart rate
over two minutes
(BPM)

105±12.7

135±10.1

118±11.6

252±30.6

105±10.1

143±6.2

123±7.8

263±19.9

р>0.05

р<0.05

р<0.05

р<0.05

106±9.9

138±7.1

119±10.4

248±23.3

105±13.2

143±11.7

124±11.2

261±25.9

р>0.05

р<0.05

р<0.05

р<0.05

103±11.1

131±7.0

117±8.3

241±19.4

101±15.5

140±10.6

123±11.1

256±25.7

р>0.05

р<0.05

р<0.05

р<0.05

107±10.8

133±9.4

121±6.2

247±10.3

109±12.9

147±11.2

128±12.1

254±22.1

р>0.05

р<0.05

р<0.05

р<0.05
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rate after doing the exercises in the static mode;
- the combined heart rate during the strength exercises
in the isotonic mode statistically differs from the combined
heart rate during the same exercises in the static mode;
- the average heart rate during the exercises done
in the isotonic mode and during rest period until the
next exercise (the average heart rate over two minutes)
statistically differs from the same exercises done in the
static mode.
Thus, during the study it was established that doing
the bodyweight strength exercises in the isotonic mode
has a more prominent training effect on a student’s body
than doing the exercises in the static mode.
The variations in the heart rate of the participants are

explained by their level of physical fitness. Figures 1 and
2 demonstrate the combined heart rate during the strength
exercises in the different modes of a fit student (Figure 1)
and a physically weak student (Figure 2).
They show the specific effect on the human body
from the different modes of doing strength exercises.
Doing the bodyweight strength exercises in the isotonic
mode has a more prominent training effect than doing
the same exercises in the static mode. This is evident in
the increased percentage of time of the higher heart rate
during the strength exercises (Figures 1, 2).
A physically weak student has a heart rate of 131150 BPM about 10% of the time during the exercise in
the isotonic mode. This corresponds to the submaximal

Figure 1. Combined heart rate of a fit student during the strength exercises (1 – in the isotonic mode, 2 – in the static
mode)

Figure 2. Combined heart rate of a physically weak student during the strength exercises (1 – in the isotonic mode,
2 – in the static mode)
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intensity and the developing pulse zone [23]. During
exercising in the static mode the heart rate doesn’t go
higher than 120 BPM.
A fit student’s heart rate doesn’t go higher than 110
BPM during the bodyweight strength exercises in the
static mode as well as in the isotonic mode. By the time
of the next exercise the heart rate becomes lower than 120
BPM in both cases, which indicates that enough recovery
time has passed to begin the next exercise.
Discussion
The conducted study showed that there are statistically
significant differences between the statistical hypotheses.
The training effect on the bodies of students doing the
strength exercises is more prominent in the isotonic mode.
This is explained by the circulatory system’s reactions
and is related to the functionality of the students’ specific
muscle group. The isotonic mode of muscle contractions
limits the blood flow to the working muscle because the
muscle doesn’t relax during the exercise. This allows
the isotonic mode to be used with the hypoxic training,
which has several benefits [24]. Doing strength exercises
in isotonic mode enhances the strength and hypertrophies
the working muscles. The revealed immediate effect of
the strength exercises is prevalent if there is enough rest
time between sets, since the amount of rest has a major
influence on the body’s response [16]. It is confirmed
during the experiment of this study.
Recommendations to increase the amount of lessons
[25] are suitable if the goal of the lessons is to reduce the
body fat ratio and there are real possibilities to do that.
It is impossible to do during scheduled lessons. Thus,
the isotonic mode of doing the strength exercises can be
viewed as one of the ways to improve the effectiveness
of the scheduled physical education lessons. The study
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Abstract
The study of functional asymmetry in students and schoolchildren practicing martial arts using a computer
Purpose:
Material:

Results:

Conclusions:

Keywords:

test.
The study involved students and schoolchildren (n = 38) practicing the martial arts (taekwondo, karate).
Participants were divided into groups according to the sports’ skill level. The first group included experienced
athletes (n = 15, age – 19.00 ± 0.45 years). The second group included beginners (n = 23, age - 9.78 ± 0.65
years). The functional asymmetry was determined using «Reaction SM Dual» software for tablets with iOS.
Two visual tests were used. The duration of each test was 100 s. Each test was divided into 5 stages. Each stage
lasts 20 s. The first test (simple reaction) – the participant pushes against the circles on the screen with two
hands. The second test (differentiated reaction) – the participant pushes against the circles of the same color
(out of five possible) on the screen. The following indicators were determined: the number of pushes with
the right and left hand (abs); reaction time with the right and left hand (s); duration of pushes with the right
and left hand (ms). It was estimated the following indicators: total number of pushes; average reaction time;
average duration of pushes. Results are estimated using parametric and nonparametric statistical indicators.
The number of pushes in the test, the reaction rate, and the duration of pushes were significantly higher in
experienced athletes. It was determined the asymmetry due to the lower duration of pushes with the right
hand compared to the left hand in beginners. The asymmetry was not confirmed in experienced athletes. The
reaction rate for the left hand significantly increased compared to stage 1 in beginners: at stage 2 (t = -2.41),
at stage 3 (t = -2.23), at stage 4 (t = -2.30) and at stage 5 (t = -2.68). This dependency was less expressed for the
right hand. It was confirmed the increase of the reaction rate in comparison with stage 1: at stage 3 (t = -2.39),
at stage 4 (t = -2.00) and at stage 5 (t = -2.32). The differences in the dynamics of the test were more expressed
in experienced athletes. It was determined the decrease in the number of pushes compared to stage 1: stage
2 (t = 2.53), stage 4 (t = 2.89) and stage 5 (t = 2.61). For the right hand, this pattern was more expressed. The
decrease in the number of pushes was determined compared with stage 1: stage 2 (t = 2.17), stage 3 (t =
2.07), stage 4 (t = 2.39) and stage 5 (t = 2.94). Experienced athletes have confirmed significant changes in the
reaction rate with their left hand compared to stage 1: stage 4 (t = -2.33) and stage 5 (t = -2.06). For the right
hand, this pattern was confirmed only for the final stage of the test (t = -2.35).
It was confirmed the legitimacy of using a special computer test to study functional asymmetry in students
and schoolchildren practicing martial arts. The test division into several stages can significantly increase the
information content of the results. The applied battery of indicators provides the necessary information for
the analysis of asymmetry. It was determined the best functional condition of experienced athletes compared
to beginners. Experienced athletes demonstrate the best ability to mobilize and concentrate on extreme
conditions. The dynamics of the test also confirms the asymmetry in athletes with less training experience.
Performing a test with a differentiated stimulus confirmed the revealed patterns. The lack of asymmetry in
experienced athletes confirms optimal training tactics. The asymmetry in beginners stipulates the correction
of training. Used computer test can be recommended for martial arts athletes’ condition monitoring.
functional asymmetry, martial arts, computer program, students, schoolchildren.

Introduction1
The asymmetry of body functions is quite common. It
is important in physical education and sports. According
to many authors’ opinion, this is a condition for effective
motor action, including motor skills’ training. Svetlana
et al. [1] investigated the biological phenomenon of a
person’s functional asymmetry and its correlation with
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sports results. It is concluded that it is necessary to
consider the functional asymmetry in the training process.
This allows providing the long-term positive dynamics of
sports results.
The comprehensive analysis of a person’s functional
asymmetry was carried out by Khudik et al. [2]. The main
types of functional asymmetry are motor, sensory, and
psychic. In the course of the review of research results
in some sports, the effect of the functional asymmetry on
the athletic performance was assessed. There are works
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where the same sport is pointed out as having a positive
influence of asymmetry by some authors, or as having
a negative effect by others. It can be concluded that
functional asymmetry is a biological phenomenon due to
which it is possible to avoid an early formation of motor
skills.
The asymmetry studies are often used in sports.
Hernandez-Garcia et al. [3] emphasize that asymmetry
analysis is a simple, economical and informative tool for
the athletes’ condition monitoring.
Caraballo et al. [4] studied the asymmetry of
morphofunctional indicators in yachtsmen with different
skills’ levels. It is proposed to use asymmetry indicators
as predictors of success.
Teixeira et al. [5] used the study of functional
asymmetry in assessing the quality of high-intensity
functional training. Gomez Piqueras et al. [6] developed
benchmarks to assess the skills’ level of professional
football players. The asymmetry indicators are included
in the list of proposed criteria.
Arede et al. [7] determined the selection criteria
of young basketball players. The success predictors
include asymmetry indicators. Tabor et al. [8] studied the
correlation between the level of functional and dynamic
asymmetry and running speed in elite and sub-elite
runners. It is concluded that a decrease in asymmetry
leads to an increase in running speed results.
Warmenhoven et al. [9] investigated the asymmetry
in elite rowers by assessing the symmetry index and
functional data analysis. Differences in symmetry are a
competition level factor. Elite rowers use the asymmetry
of movements to increase the strength and speed of
movements.
Thus, the available literature data confirm the
relevance of the study of functional asymmetry in athletes
practicing the different types of sports.
The purpose of this work was to study functional
asymmetry in students and schoolchildren practicing
martial arts using a computer test.
Materials and methods
Participants.
The study involved students and schoolchildren
(n = 38) practicing martial arts (taekwondo, karate).
Participants were divided into groups according to the
sports’ skill level. The first group included experienced
athletes (n = 15, age - 19.00 ± 0.45 years). The second
group included beginners (n = 23, age - 9.78 ± 0.65 years).
Research Design
The study design involved the determination of
functional asymmetry using «Reaction SM Dual»
software. The program is designed for tablets with iOS
[10]. Two visual tests were used to assess the functional
asymmetry of athletes. Tests are differed in the complexity
of the visual stimuli influence on the performer. The first
test (simple reaction): the participant must push with the
same hands against the same visual signals (blue circles).
In performing the second test (differentiated reaction), the
participant must push only against the blue circles. The

feature of this task is the stimulus: circles of other colors
also appear on the screen with blue circles. Each test was
divided into 5 stages. Each stage lasts 20 s. The duration
of each test is 100 s.
The following indicators were determined: the number
of pushes with the right and left hand (abs); reaction time
with the right and left hand (s); duration of pushes with the
right and left hand (ms). It was estimated: total number of
pushes; average reaction time; average duration of pushes.
It was compared the results of tests in groups, the
dynamics of tests, and the results of groups.
Statistical analysis.
Statistical analysis of the obtained data was carried out
using licensed MS Excel. It was determined the following
indicators of descriptive statistics: arithmetic mean,
standard deviation, and mean error. The significance of
differences in the groups was estimated using parametric
(Student’s test) and nonparametric (Rosenbaum’s test)
indicators. Differences were considered significant at p
<0.05.
Results
The results reflect the simple reaction performance
(table 1) and a differentiated reaction (table 2).
The results of table 1 illustrate the significant
differences between the groups for all studied indicators.
The number of pushes with the left hand was significantly
higher in the group of experienced athletes at all stages
(respectively, from stage 1 to 5): (t = 4.87), (t = 6.82), (t
= 6.06), (t = 6.17), (t = 7.05). The total number of pushes
with the left hand was also differed significantly (t =
21.75). Experienced athletes were characterized by the
best reaction time with their left hand in performing the
test at all stages (stages 1 to 5, respectively): (t = 52.38), (t
= 52.29), (t = 52.29), (t = 52.28), (t = 52.28). Experienced
athletes had the best average reaction time (t = 52.30).
The improvement in reaction time led to a reduction in
the duration of push in all stages in experienced athletes
(respectively from stage 1 to 5): (t = 10.02), (t = 9.65), (t
= 7.91, Q = 7), (t = 8.65, Q = 10), (t = 9.18, Q = 9) and
the average value of the duration of the push (t = 10.28).
The similar correlation is confirmed for the right hand.
The number of pushes was higher in experienced athletes
in all stages (stages 1 to 5, respectively): (t = 4.33), (t =
5.11), (t = 6.12), (t = 5.44), (t = 6.45), and by the total
number of pushes (t = 22.27). Experienced athletes had
the best reaction rate indicators at all stages of the test
(stage 1 to 5, respectively): (t = 52.39, Q = 7), (t = 52.31),
(t = 52.30), (t = 52.31), (t = 52.31). This pattern is also
confirmed for the average reaction time (t = 52.33). The
duration of pushes with the right hand in experienced
athletes was also significantly lower. This is confirmed by
both the Student criterion and the Rosenbaum criterion.
Their values were for the test stages (respectively, from
stage 1 to 5): (t = 8.04), (t = 7.80), (t = 6.18), (t = 7.24, Q
= 8), (t = 7.76, Q = 9), for the average duration of pushes
(t = 8.63, Q = 7).
Beginners were characterized by the asymmetry in
performing a simple test. This resulted in a lower duration

155

PHYSICAL
EDUCATION
OF STUDENTS

Table 1. Simple reaction performance for functional asymmetry by athletes with different skills’ levels.
Indicator
The number of pushes with the left hand – 1 stage, abs
The number of pushes with the left hand – 2 stage, abs
The number of pushes with the left hand – 3 stage, abs
The number of pushes with the left hand – 4 stage, abs
The number of pushes with the left hand – 5 stage, abs
The total number of pushes with the left hand, abs
Left hand reaction time – 1 stage, s
Left hand reaction time – 2 stage, s
Left hand reaction time – 3 stage, s
Left hand reaction time – 4 stage, s
Left hand reaction time – 5 stage, s
The average reaction time with the left hand, s
Duration of push with the left hand - 1 stage, ms
Duration of push with the left hand – 2 stage, ms
Duration of push with the left hand – 3 stage, ms
Duration of push with the left hand – 4 stage, ms
Duration of push with the left hand – 5 stage, ms
The average duration of push with the left hand, ms
The number of pushes with the right hand – 1 stage, abs
The number of pushes with the right hand – 2 stage, abs
The number of pushes with the right hand – 3 stage, abs
The number of pushes with the right hand – 4 stage, abs
The number of pushes with the right hand – 5 stage, abs
Total number of pushes with the right hand, abs
Right hand reaction time – 1 stage, s
Right hand reaction time – 2 stage, s
Right hand reaction time – 3 stage, s
Right hand reaction time – 4 stage, s
Right hand reaction time – 5 stage, s
The average reaction time with the right hand, s
Duration of push with the right hand – 1 stage, ms
Duration of push with the right hand – 2 stage, ms
Duration of push with the right hand – 3 stage, ms
Duration of push with the right hand – 4 stage, ms
Duration of push with the right hand – 5 stage, ms
Average duration of push with the right hand, ms

Experienced athletes (n=15)
41.93±0.641
39.67±0.621
40.40±0.561
39.33±0.631
39.40±0.731
200.73±2.711
0.48±0.011
0.50±0.011
0.50±0.011
0.51±0.011
0.51±0.011
0.50±0.011
55.15±3.271,
54.79±3.411
56.11±3.601
56.41±4.051
55.01±4.101
55.49±3.571
42.40±0.651
40.33±0.691
40.33±0.581
40.13±0.691
39.73±0.631
203.20±2.911
0.48±0.011
0.48±0.011
0.50±0.011
0.50±0.011
0.50±0.011
0.49±0.011
53.64±2.741
52.47±2.831
51.31±3.131
50.83±3.041
49.91±3.091
51.64±2.841

Beginners (n=23)
35.30±1.11
32.65±1.11
32.87±1.27
32.52±1.31
32.22±1.13
165.57±5.63
0.57±0.02
0.63±0.02
0.63±0.02
0.63±0.03
0.64±0.02
0.62±0.02
70.20±2.712
73.10±3.132
73.76±3.942
73.76±3.802
77.34±3.772
73.97±3.022
36.04±1.11
34.00±1.34
33.09±1.21
33.65±1.30
33.26±1.09
170.04±5.70
0.56±0.01
0.61±0.02
0.62±0.02
0.61±0.02
0.61±0.02
0.60±0.02
60.92±2.23
60.04±2.18
60.73±2.94
62.73±2.76
60.90±2.31
61.06±2.07

NOTE: 1 – differences with beginners are significant, 2 – differences with the right hand are significant.
of pushes with the right hand compared to the left hand.
Such a dependency was determined at all stages of the
test (stage 1 to 5, respectively): (t = 2.65), (t = 3.42), (t =
2.65), (t = 2.72), (t = 3.71) and the average value of this
indicator (t = 3.53).
A comparison of the results in the dynamics of the test
also found some differences. The response time for the
left hand significantly increased compared to stage 1 in
beginners: at stage 2 (t = -2.41), at stage 3 (t = -2.23), at
stage 4 (t = -2.30) and at stage 5 (t = -2.68). For the right
hand, this dependency was less expressed. The increase
in the reaction time in comparison with the 1st stage was
confirmed: at the 3rd stage of the test (t = -2.39), at the 4th
stage (t = -2.00), and the 5th stage (t = -2.32).
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The differences in the dynamics of the test were more
expressed in experienced athletes. The decrease in the
number of pushes was determined in comparison with
the 1st stage of the test: at the 2nd stage (t = 2.53), the 4th
stage (t = 2.89), and the 5th stage (t = 2.61). This pattern
was more expressed for the right hand. The reduction in
the number of pushes was determined in comparison with
the first stage of the test: at the second stage (t = 2.17),
the third stage (t = 2.07), the fourth stage (t = 2.39), and
the fifth stage (t = 2.94). The significant changes in the
reaction rate with left hand compared to stage 1 were
confirmed in experienced athletes: stage 4 (t = -2.33) and
stage 5 (t = -2.06). This pattern was confirmed only for the
final stage of the test for the right hand (t = -2.35).
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Table 2. The differentiated test performance of functional asymmetry by athletes with different skills’ levels
Indicator
The number of pushes with the left hand – 1 stage, abs
The number of pushes with the left hand – 2 stage, abs
The number of pushes with the left hand – 3 stage, abs
The number of pushes with the left hand – 4 stage, abs
The number of pushes with the left hand – 5 stage, abs
The total number of pushes with the left hand, abs
Left hand reaction time – 1 stage, s
Left hand reaction time – 2 stage, s
Left hand reaction time – 3 stage, s
Left hand reaction time – 4 stage, s
Left hand reaction time – 5 stage, s
The total number of pushes with the left hand, s
Duration of push with the left hand - 1 stage, ms
Duration of push with the left hand – 2 stage, ms
Duration of push with the left hand – 3 stage, ms
Duration of push with the left hand – 4 stage, ms
Duration of push with the left hand – 5 stage, ms
The average duration of push with the left hand, ms
The number of pushes with the right hand – 1 stage, abs
The number of pushes with the right hand – 2 stage, abs
The number of pushes with the right hand – 3 stage, abs
The number of pushes with the right hand – 4 stage, abs
The number of pushes with the right hand – 5 stage, abs
Total number of pushes with the right hand, abs
Right hand reaction time – 1 stage, s
Right hand reaction time – 2 stage, s
Right hand reaction time – 3 stage, s
Right hand reaction time – 4 stage, s
Right hand reaction time – 5 stage, s
The average reaction time with the right hand, s
Duration of push with the right hand – 1 stage, ms
Duration of push with the right hand – 2 stage, ms
Duration of push with the right hand – 3 stage, ms
Duration of push with the right hand – 4 stage, ms
Duration of push with the right hand – 5 stage, ms
Average duration of push with the right hand, ms

Experienced athletes (n=15)
34.93±0.791
33.73±0.641
34.07±0.521
33.73±0.611
34.13±0.561
170.60±2.671
0.58±0.011
0.58±0.011
0.59±0.011
0.59±0.011
0.59±0.011
0.59±0.011
59.49±3.701
58.69±4.861
59.66±4.551
56.61±4.141
57.20±4.081
58.32±4.171
35.27±0.751
34.20±0.641
34.73±0.611
34.47±0.841
34.60±0.851
173.27±3.261
0.58±0.011
0.59±0.011
0.58±0.011
0.58±0.011
0.58±0.011
0.58±0.011
53.73±2.961
54.07±3.081
53.44±3.041
51.70±3.021
49.85±2.921
52.56±2.891

Beginners (n=23)
29.59±1.24
26.59±1.36
27.41±1.34
27.50±1.42
27.55±1.33
138.64±6.55
0.71±0.03
0.79±0.04
0.77±0.04
0.77±0.04
0.76±0.04
0.76±0.04
72.18±2.692
75.64±2.922
74.48±3.392
74.75±3.392
74.23±3.602
74.25±3.002
30.32±1.34
27.36±1.37
28.18±1.42
27.91±1.38
28.00±1.34
141.77±6.70
0.70±0.03
0.77±0.04
0.75±0.04
0.75±0.04
0.74±0.04
0.74±0.04
61.62±2.48
63.28±2.41
61.92±2.81
64.00±3.01
62.94±3.14
62.76±2.60

NOTE: 1 – differences with beginners are significant, 2 – differences with the right hand are significant.
The increasing complexity of the test conditions due to
the introduction of differentiated stimuli led to a decrease
in indicators compared with the results of a simple test.
However, the previously determined patterns are reserved.
Experienced athletes had a significantly higher number of
pushes compared to beginners at all stages of performing
this test with the left hand (stages 1 to 5, respectively): (t =
4.19, Q = 13), (t = 6.55, Q = 17), (t = 5.91), (t = 5.83, Q =
18), (t = 5.80) and the total number of pushes (t = 81.39).
The reaction rate with the left hand was also significantly
higher at all stages (respectively from stage 1 to 5): (t =
-26.86), (t = -26.79, Q = 14), (t = -26.81), (t = -26.81), (t =
-26.82) and according to the average indicator (t = -26.82).

As in a simple test, the duration of push in experienced
athletes was significantly lower at all stages of the test
(stages 1 to 5, respectively): (t = 29.23), (t = 31.94, Q = 7),
(t = 31.04), (t = 31.25, Q = 9), (t = 30.84) and according to
the average indicator (t = 30.86, Q = 8).
A similar dependency was determined according
to the results of the test with the right hand. The results
of athletes of both groups were lower than in a simple
test performing. Experienced athletes in all indicators
had better results than beginners. They performed more
pushes with left hand at all stages (respectively from
stages 1 to 5): (t = -3.62), (t = -5.94, Q = 16), (t = -5.30),
(t = -5.51, Q = 18), (t = -5.44, Q = 14), had a significantly
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higher number of pushes per test (t = 83.85, Q = 14). The
reaction rate with the right hand was better at all stages of
the test (respectively from stage 1 to 5): (t = -26.87), (t =
-26.81, Q = 14), 3 (t = -26.83), (t = -26.83, Q = 17), (t =
-26.83, Q = 12), and according to the average indicator (t
= -26.83, Q = 14). The duration of pushes with the right
hand was also significantly lower at all stages of the test
(respectively from stages 1 to 5): (t = 20.95), (t = 22.25),
(t = 21.18, Q = 7), (t = 22.81), ( t = 21.98, Q = 8) and
according to the average indicator (t = 21.84).
It was determined the expressed asymmetry of
indicators in beginners. It is also true in a simple reaction
test performing. The results of the duration of pushes
were significantly higher with the left hand at all stages
of the test (respectively from stage 1 to 5): (t = 2.89), (t =
3.27, Q = 11), (t = 2.86, Q = 8), (t = 2.37), (t = 2.37) and
according to the average indicator (t = 2.89, Q = 7). The
complication of the task did not lead to the asymmetry in
experienced athletes.
No significant differences were determined in the
dynamics of the test with a differentiated stimulus.
Discussion
Visual tracking of a moving target is a sensorimotor
function that depends on attention. Many sports require
athletes to quickly transform visual information into
a targeted motor reaction (visual-motor reaction).
Understanding the neural functions that determine
working capacity allows improving the athletes’ diagnosis;
increase productivity by improving training.
Psychophysiological characteristics of athletes reflect
the specificity of the influence of the type of martial
arts. Podrigalo et al. [11] determined that different types
of martial arts are characterized by different predictors
of success. The development and optimization of the
selected qualities can improve the growth prospects of
sports skills.
The importance of functional asymmetry for success
in martial arts was confirmed by Nikolaenko et al. [12].
Data about peculiarities of organization of motor control
and brain functional asymmetry pattern in highly trained
judo wrestlers are presented. It has been shown that in
athletes the right hemisphere is predominant in the
processing of both speech and visual-spatial information,
while high competition results in wrestlers with left-side
stand correlate with the prevalence of the left hemisphere
in speech perception. It is suggested that high sports
results in wrestlers are due to the formation of novel
long-term skills, reorganization of motor control, and
interhemispheric interaction.
The used design involved a comparison of athletes
practicing the same sport, differing in the sports’ skill
level. This allows evaluating the importance of asymmetry
to achieve a high skill level.
A similar design was used by Rovnaya et al. [13]. The
comparison of the functional condition of synchronized
swimming athletes of different skill levels made it possible
to distinguish the qualities related to success predictors.
Krstulovic et al. [14] determined the differences
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between elite and sub-elite female judo athletes by
the level of morphological, functional, and dynamic
asymmetry. The criterion for dividing into groups was
the level of competitive success. The highest asymmetry
of the hands’ development was determined using the
Edinburgh Handedness Inventory (EHI).
The study of functional asymmetry requires the use
of various and functional tests. The functional movement
screen (FMS) is used to determine the asymmetry. This is a
battery of functional tests simulating various movements.
Lewis et al. [15] indicate that it is an affordable and noninvasive tool for identifying weakness and asymmetry
during specific exercises. FMS is used as a screening
method for athletes in many sports. So Zhu J. [16] used it
to study the causes of sports injuries and creating a model
for predicting sports injuries in badminton.
Marques et al. [17] used the FMS test battery in young
football players from Top League. It was confirmed the
presence of functional disorders and a high prevalence of
asymmetry between the right and left parts of the body.
de Oliveira et al. [18] used FMS to compare the
biomechanical characteristics of runners. The special
asymmetry index (IS) was used for analysis. The indicator
was calculated as the ratio of the average score of a nondominant hand to the average score of a dominant hand,
multiplied by 100.
A review by Whittaker et al. [19] is indicated that the
Functional Movement Screen, a battery of 7 motor tests,
is most often used to assess functional asymmetry. This
does not allow providing a qualitative morphofunctional
assessment of the athletes’ condition. The authors point to
the need for using other tools for functional asymmetry
analyzing.
The test we used contained two options (models). It
allows reducing the testing time, the level of errors due to
the influence of test loads on the athlete.
Wieczorek [20] used the following indicators to
evaluate asymmetry: 8 tests determining the dominance
of the eyes and hands; 5 tests evaluating the static balance,
strength, accuracy, and speed of hands’ movement, muscle
strength of the fingers flexors. Studies have shown that
the speed of learning a complex motor skill substantially
depends on the determined direction and profile of
functional asymmetry and motor skills.
Another test used to study asymmetry is
tensiomyography. In a review by Garcia-Garcia et al. [21]
emphasizes its significance for elite athletes’ condition
analyzing. The authors point out the lack of clear criteria
for asymmetry. Arboix-Alio et al. [22] evaluated the
effectiveness of various neuromuscular tests for assessing
asymmetry in roller hockey. A large number of tests
increases the significance of the results. Burmistrov et al.
[23] used video analysis of movements and determination
of many biomechanical indicators for the analysis of
functional asymmetry in speed skating. Krzykala et al.
[24] suggested using a goniometric study to analyze
the asymmetry in field hockey players. The athletes
confirmed the expressed asymmetry of morphological
and functional indicators. The results are evaluated as a

2020

03
factor of the musculoskeletal system injuries.
The choice of a special computer test for asymmetry
analysis is quite widespread in sports. Akinina et al. [25]
used the Sports Psychophysiologist computer program
to analyze the psychomotor development indicators of
children who practiced karate. The effectiveness of using
a computer program to assess the quality of training
in martial arts has been confirmed. Hromcik et al. [26]
used a similar research design to assess the speed of the
sensorimotor reaction in badminton athletes. Participants
performed a special computer test. The reaction rate
was tested in various tasks with changing conditions for
representing the target.
The computer program “Reaction SM Dual” has
several advantages that allow recommending it for use
[10]. These include efficiency, mobility, painlessness,
and visibility of the results. Dividing the test into several
stages can significantly increase the information content
of the results. A similar technique was used by Podrigalo
et al. [27] in the analysis of the psychophysiological
condition of water and game sports athletes. Repetition
of the same tests by participants allows indirectly to
judge their ability to mobilize and concentrate in extreme
conditions. The duration of the used tests is minimal and
does not cause fatigue. Differences in the results allow
assessing the stability and balance of the nervous system
of the participants.
Identification of asymmetry is most optimal when
performing any type of activity simultaneously with both
hands. A similar design was used by Rodrigues et al. [28].
Participants performed the coincidence-anticipation task
test both separately with right and left hands, and with
both hands simultaneously. The results improved the
asymmetry analysis.
The best results of a simple and differentiated test
performing by experienced athletes reflect the best level of
their functional condition. Experienced athletes complete
the task faster. Therefore, they increase the number of
pushes, improves the reaction time to the stimulus. The
best mobilization rate is reflected in the reduction of
the time for pushing the screen of the device. That is,
experienced athletes win according to all test indicators.
Similar results are reported by Surina-Marysheva et
al. [29]. The authors studied the features of sensorimotor
integration and coordination of movements in elite
hockey players using NS-PsychoTest software and
hardware. Compared with peers, hockey players aged
15-16 years have a higher level of functional indicators
in conditions of interference (p <0.05 in all cases) and
a better indicator of the excitation concentration. It is
concluded that the specific conditions of the competitive
activity of hockey players increase the efficiency of the
central nervous system. This occurs due to an increase in
the excitation concentration in conditions of interference.
The sensorimotor integration of players of this age is also
characterized by better predictive accuracy in reactions to
a moving object.
The determined asymmetry of indicators in athletes’
beginners confirms the adequacy and information content

of the used test. These results allow judging the level of
athletes’ skills. In the process of martial arts athletes’
training, they are trained to act equally with both hands,
throw punch both the right and left hands. Experienced
trainers pay attention to the asymmetry, trying to
minimize it as much as possible. This gives athletes an
additional advantage since throw punch from two sides
significantly increases the probability of victory. In this
context, the lack of asymmetry should be assessed as a
success factor. In turn, the asymmetry in beginners is
proof of an insufficient level of training and requires the
training process correction.
An analysis of the test performing dynamics for a
simple reaction In beginners suggests the difficulty of
constantly maintaining the required functional level. This
is evidenced by slowing down the reaction rate; decrease
in the number of pushes; a sufficiently large number of
stages at which these changes are confirmed. Such factors
are less expressed on the right hand, which is the lead.
An analysis of the results in the dynamics of the test also
confirms the functional asymmetry in athletes with less
training experience. Experienced athletes had differences
in the manifestation of this pattern. Changes in the reaction
rate were expressed only at the final stages of the test.
A decrease in the test performance of the with a
differentiated stimulus was determined compared with a
simple test. This illustrates the complexity of the task that
participants have to complete. In this case, the decisionmaking process is complicated by the need to choose the
right reaction object. In a simple reaction, the response
algorithm consists of two stages: the appearance of the
object - the reaction to it. In the second case, it lengthens
the appearance of an object - its recognition - reaction.
Naturally, this leads to significant changes in all studied
indicators.
The increase in stress during the performance of a
complicated test led to more expressed manifestations of
already determined patterns. In this context, conducting
two test variants allows us to assess the tendency to
change, which is not manifested in the case of a simple
reaction test.
For athletes with less training experience, the
complexity of the task increases the asymmetry. This
is confirmed by the results of the duration of pushes
at all stages of the test. For experienced athletes, the
complication of the task did not lead to the asymmetry.
This can be evaluated as a significant level of significance,
sufficient potential for controlling neuromuscular
mechanisms.
Conclusions
The obtained results confirm the legitimacy of using
a special computer test to study functional asymmetry
in students and schoolchildren practicing martial arts.
Dividing the test into several stages can significantly
increase the information content of the results. The
applied set of indicators provides the necessary
information for the asymmetry analysis. It was defined
as the best functional condition of experienced martial
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arts athletes in comparison with beginners has been
determined. Experienced athletes demonstrate the best
ability to mobilize and concentrate on extreme conditions.
The dynamics of the test also confirms the asymmetry
of athletes with short training experience. Performing a
test with a differentiated stimulus confirmed the patterns
identified. The lack of asymmetry in experienced athletes

confirms optimal training tactics. The presence of
asymmetry in beginners necessitates the correction of
training. Used computer tests can be recommended for
monitoring the condition of martial arts athletes.
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Abstract
To examine the effects of periodized functional strength training (FST) on FMS scores of sport university
Purpose:
Material:

Results:
Conclusions:
Keywords:

students with higher risk of injury.
Thirty three participants (age 21.6±1.3 years, height 177.8±6.9 m, mass 80.4±7.7 kg) with Functional
Movement Screen (FMS), total score ≤ 14, were selected from eighty two volunteered students of University
of Physical Education and Sport in Gdansk and randomly assigned to experimental (n=16) and control group
(n=17). The FMS test was conducted one week before and one week after the 12 week training intervention.
The experimental group participated in FST program through 12 weeks. The control group did not engage in
any additional physical activity than planned in their course of study. The collected data were analysed using
Statistica 13.3 pl (StatSoft Inc). Wilcoxon signed rank test was used to establish the statistical significance of
the difference between FMS total scores within each group and Mann Whitney U test between groups before
and after the 12 week training intervention.
45 % of volunteers in the first FMS testing showed total scores ≤14. The experimental group that participated
in functional strength training (FST) program changed significantly FMS total scores after 12 weeks (p<0.05).
There were also significant differences in FMS total score between groups after the experiment (p<0.05).
There is a need for injury prevention programs for students of University of Physical Education and Sport in
Gdansk. It is clear from this study that FST is effective in improving FMS total score in students with cut off
score ≤14.
injury prevention, male students, functional strength training, functional movement screen.

Introduction1
Injury risk can be a major concern while participating
in any kinds of physical activities or sports. Especially
musculoskeletal injuries are an inherent risk of athletic
performance. Noncontact injuries represent approximately
20% of all injuries incurred during games and 40%
of injuries incurred during practices among collegiate
students [1]. To minimize the risk of injuries, an effective
way to identify physical dysfunctions exposing to injury
and injury prevention program are needed. In order to
asses injury risk during various physical activities, several
movement oriented tests have been established [2–5].
One of the most popular injury risk assessments is the
Functional Movement Screen (FMS).
Over the past years, many studies have investigated
the reliability and validity of the FMS [6–8]. The FMS
consists of 7 tests: the deep squat, the in-line lunge, the
hurdle step, shoulder mobility, active straight leg raises,
trunk stability push-up, and the rotary trunk stability
assessment [2, 9]. Each test is scored on a scale of 0–3
with a maximum value of 21 for the 7 tests. Bonazza et
al. [6] in their meta-analysis stated that the FMS had the
ability to predict injury risk and determined that athletes
who scored ≤14 on the FMS were 2 times more likely
to sustain an injury during training. Similar conclusions
were stated by another meta-analysis by Bunn et al. [7];
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individuals who scored ≤14 were 51% more likely to
sustain a musculoskeletal injury. Furthermore, Kiesel et
al. [10] reported that subjects who showed an asymmetry
were 3 times more likely to become injured even with
scores above the injury risk factor of 14.
A variety of intervention programs have been used
to retrain dysfunctional movement patterns and increase
FMS scores above 14 points [11-14]. Programs focused
on coordination, neuromuscular control showed their
effectiveness in increasing FMS scores. Bodden et al. [15]
showed a sufficient increase in total FMS scores above
14 in experimental group that used the FMS protocol
based on neuromuscular control after 4 weeks. Jafari et
al. [16] reported a significant increase in total FMS score
in firefighters after 8 weeks NASM (National Academy of
Sport Medicine) training protocol based on flexibility and
neuromuscular control.
Several studies have examined changes in FMS total
score after different modes of resistance training [17-20].
Recently a new type of strength training modality known
as functional strength training (FST) emerged among
fitness as well as strength and conditioning professionals.
FST employs multiple planes of motion, targets multiple
muscles in a single exercise and mimics movement
patterns seen in everyday life or sport [21, 22]. In contrast,
traditional strength training programs incorporate more
isolation/machine training and one plane of motion
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exercises. Liao et al. [19] reported significantly greater
increases in FMS total scores after FST compared to
traditional strength training among 12-13 years old girls.
Similar observations were made by Yildiz et al. [18] that
showed greater improvements in movement competency
after functional strength training in comparison to
traditional strength training in young tennis players.
Nonetheless only one study analyzed the influence of
periodized strength training on FMS total score. CosioLima et al. [20] compared changes in FMS total scores
between periodized traditional strength training group
and typical military training group of army cadets after
12 weeks. The research showed no statistical meaningful
changes in any of the groups.
However, up to date, no previous studies have sought
to examine the effectiveness of periodized FST on FMS
total score in adults. Therefore the aim of this study was
to examine the effects of periodized FST using kettlebells
and bodyweight exercises on FMS scores of sport
university students with higher risk of injury (≤14 on the
FMS).
Material and methods
Participants:
Eighty two students of physical education of Gdansk
University of Physical Education and Sport (mean
age: 21.6±1.3 years, mean height: 177.8±6.9 cm, mean
body mass: 80.4±7.7 kg) volunteered for the first part
of the study. The inclusion criteria allowing subjects to
participate in the second part of the study consisted of:
receiving no more than 14 points on FMS total score,
not receiving 0 score on any of the FMS tests, being not
involved in professional sport training in the previous 2
years, having no recent injury. The subjects that fulfilled
the inclusion criteria (n=33), were randomly assigned into
an experimental group (n=16) or a control group (n=17).
Procedure:
The study had two parts. In the first part, the FMS total
score profile of 82 subjects that volunteered to participate
in the study, was assessed. In the second part of the study,
only participants that fulfilled the inclusion criteria took
part. The experimental group participated in FST program
through 12 weeks. The control group was not engaged
in any additional physical activity than planned in their
course of study. The FMS total scores were determined
after 12 weeks of FST program in experimental as well
as in control group. The anthropometric measures were
performed only once, one week before the 12 week
strength training program for creating the anthropometric
profile of all participants.
The FMS is a screening tool comprised of 7 individual
tests to assess an individual’s overall functional movement
capacity. The FMS consists of 7 movement patterns that
include an overhead deep squat (DS), a hurdle step (HS),
an in-line lunge (ILL), shoulder mobility (SM), active
straight leg raise (ASLR), trunk stability push-up (TSPU)
and rotary stability (RS). Details of each movement task
of the FMS test have been published previously [2]. The
scoring system range for each of the 7 screen tests is from

0 to 3, where 3 indicates appropriate execution of the
movement pattern, 2 indicates execution of the movement
pattern with some compensatory adjustments, 1 indicates
inability to perform the movement pattern and 0 indicates
pain during the test. Each task was performed three
times, and the best result was used for further analysis.
Total score from all 7 tests range from 0 to 21. A total
score of ≤14 was operationally defined as a cut-off score
to determine poor movement capacity [6, 7]. The FMS
test was conducted by 3 certified instructors. The FMS
test was completed by using standard equipment (FMS
Test Kit, Functional Movement Systems Inc., Chatham,
Virginia, USA). All anthropometric data were collected
by a physician specifically trained according to a
standardized protocol. Height was recorded to the nearest
0.1 cm with a standing stadiometer (Seca 217) and body
mass was measured to the nearest 0.1 kg with a highprecision mechanical scale (ADE M318800).
The strength training program was constructed
on a traditional linear periodization model, based on
developing high-volume and low-intensity training
during the first mesocycles of the macrocycle, with
progressive increases in training intensity and technical
skills with simultaneous decreases in training volumes of
the consecutive mesocycles (Table 1) [23]. The training
program involved 8 multi joint exercises divided into two
training days for 4 exercises per each training day. Each
training day consisted of 2 lower body exercises, one
upper body exercise and one global exercise. With each
mesocycle the technical execution and intensity of each
exercise increased by changing body position, increasing
range of motion, changing tempo of exercise execution
and adding external load. The intensity was monitored and
expressed via perceived exertion (RPE) values measuring
repetitions in reserve (RIR) [24]. Each workout was
conducted under supervision of certified personal trainers.
Statistical analysis:
Statistical analyses were completed in Statistica 13.3
pl (StatSoft Inc). Descriptive statistics (mean and standard
deviation) were calculated. Because the assumption of
normality and homoscedasticity were violated on the
Saphiro-Wilk test, Wilcoxon signed rank test was used
to establish the statistical significance of the difference
between FMS total scores within each group and Mann
Whitney U test between groups before and after the 12
week training intervention. P<0.05 values were accepted
statistically significant in all analyzes.
Results
Figure 1 presents FMS total score distribution among
all volunteers before training intervention. Table 2 shows
FMS total score distribution among experimental group
and control group before and after 12 week training
intervention. FMS total scores between pre-test results
and post-test results are presented in Table 3. There was
a significant difference between FMS total scores before
and after the 12 week intervention in the experimental
group, (p <0.05) and no significant changes in the control
group (p>0.05) see Table 3. There was no difference in
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43%; N; 35
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1%; N; 1

0-5

6-9

40%; N; 33
15%; N; 12

10-14
15-17
Categorized FMS total scores

18-21

Fig. 1. FMS total score distribution among all volunteers before training intervention
Table 1. 12 week strength training program*
RIR-repetitions in reserve
Day 1
Exercise/movement
pattern
Squat

Week 1-3

Week 4-6

Week 7-9

Week 10-12

Body weight
squat with valgus
correction

Squat with
kettlebell

Kettlebell goblet hold
squat

2 kettlebell front
squat

Push up

Push up walk out

Push up

Push up on
suspension trainer

Get up

Get up to press with
kettlebell

Get up high pelvis
to bend with
kettlebell

Get up post to high
pelvis with kettlebell

Push up on
suspension trainerfeet elevated
Get up to half
kneeling with
kettlebell

Hip bridge

1 leg isometric hold
hip bridge

2 leg dynamic hip
bridge

2 leg dynamic hip
bridge with shoulders
on a bench

1 leg dynamic hip
bridge with shoulders
on a bench

Week 1-3

Week 4-6

Week 7-9

Week10-12

Split squat with body
weight

Split squat with
kettlebell-goblet
hold

Forward lunge with
kettlebell-goblet hold

Forward lunge with
2xkettlebell in front
of the chest

Hip hinge

Hip hinge with
elastic band

Romanian deadlift
with kettlebell
from a box

Romanian deadlift
with kettlebell from
the ground

Romanian deadlift
with 2xkettlebell
from the ground

Upper body pull

Half kneeling row
with resistance band

Suspension
trainer row

Suspension trainer
row with one hand

Suspension trainer
row-feet elevated

Windmill

Bodyweight windmill

Windmill with
kettlebell

Windmill with
kettlebell

Windmill with
2xkettlebell

Day 2
Exercise/movement
pattern
Lunge

*Week 1–3: 16–20 rep., RIR 4, tempo 4-2-2 (ex.-iso-con.), 3 set, 60 seconds. rest, 4 session/week (2xday 1, 2xday
2), 10 minutes. Warm-up/40–50 minutes of training/10 minutes of cooling; Week 4–6: 12–15 rep., RIR 3, tempo
3-1-2 (ex.-iso-con.), 3 set, 90 seconds. Rest, 4 session/week (2xday 1, 2xday 2), 10 minutes. Warm-up/40–50
minutes of training/10 minutes of cooling; Week 7–9: 8–10 rep., RIR 2-3, tempo 2-1-2 (ex.-iso-con.), 4 set, 120
seconds. Rest, 2 session/week (day 1, day2), 10 minutes. Warm-up/40–50 minutes of training/10 minutes of
cooling; Week 10–12: 5–7 rep., RIR 1-2, tempo 2-1-2 (ex.-iso-con.), 4 set, 180 seconds. Rest, 2 session/week (day 1,
day 2), 10 minutes. Warm-up/40–50 minutes of training/10 minutes of cooling.
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Table 2. FMS total score distribution in control and experimental groups pre testing and post testing conditions
Testing timeframe

Pre

Post

TS

Control group
(n)

Percent
(%)

12
13
14
12
13
14
15
16
17
18

2
4
11
3
5
7
2
0
0
0

11.765
23.529
64.706
17.647
29.412
4.176
11.765
0
0
0

Experimental
group
(n)
1
3
12
0
0
0
1
6
7
2

Percent
(%)
6.25
18.75
75
0
0
0
6.25
37.5
43.75
12.5

NOTE: Pre - tests before training intervention, Post - tests after training intervention, TS - FMS total score.
Table 3. FMS total score changes within groups

-0.058

Difference
ratio
(%)
-0.03

0.777

2.937

1.56

<0.001*

Group

n

Pre
(mean±SD)

Post
(mean±SD)

MD
(post-pre)

Control group
Experimental
group

17

13.529±0.717

13.471±0.943

16

13.688±0.602

16.625±0.806

P

NOTE: Pre - tests before training intervention, Post - tests after training intervention, MD - mean difference.
baseline values in the FMS total score between control
and experimental group (MD=-0.159, p=0.518). However
a significant difference was found after pre-test and posttest FMS total scores between groups (MD=-3.154,
p<0.001).
Discussion
The main purpose of this study was to examine the
effectiveness of 12 week, periodized FST program on FMS
total scores in physical education students with baseline
score ≤14. The FMS total score profile of volunteered
students showed that 45% of them are at higher risk of
sustaining an injury. Two meta-analysis confirm that FMS
total scores ≤14 are associated with higher injury risk [6,
7]. It might indicate that participants with cut-off score
≤14 have poor movement competency due to limited
joint range of motion, stability and movement control [2,
25–28].
The primary finding of this study was the significant
time-by-intervention effects on FMS total score.
There were significant differences within experimental
group before and after training intervention (p<0.05)
and between experimental and control group after the
intervention (p<0.05). All participants in the experimental
group increased their FMS total score above 14. This is
the first study to examine the effectiveness of periodized
FST on FMS total score in young active adults. The results
were consistent with previous intervention studies that

examined effectiveness of FST on movement competency
in children [18, 19]. However previous studies did not used
a periodized strength training program and participants
were adolescents.
In this study a linear periodization was used. Periodized
training programs were used firstly only in professional
athletic populations, however today it is also widely
used with untrained population and amateur athletes.
Williams et al. [29] in their meta-analysis showed that
periodized strength training programs are more effective
in developing strength than non-periodized programs
either in athletic and untrained population. Nonetheless,
there is little evidence of periodized programs on FMS
total score. Only one study by Cosio-Lima et al. [30]
examined changes in FMS total score after periodized
traditional strength training program. The researchers
found no significant changes in FMS total score. Studies
that also used traditional strength training demonstrated
no meaningful FMS total score changes [18, 19]. Based on
the results of the current research, periodized functional
strength training (FST) is able to increase FMS total
scores above cut off score ≤14.
Functional strength training is based on developing
strength in particular movement patterns in contrast
to traditional strength training where emphasis on
strengthening muscle groups is placed on. FST has been
demonstrated to not only have direct benefits on FMS total
scores but also on athletic performance. Number of studies
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have indicated that FST can develop specific athletic
performance variables such as counter movement jump,
sprint time, agility or maximal strength as affectively as
traditional strength training [18, 19, 21, 22].
One limitation to this study should be noted. There
were no physiological fitness measures included in the
study even though a periodized strength training was
implemented. Changes in strength, power of lower
and upper limbs as isometric strength and endurance
of core muscles could have been included. It is highly
recommended to do a follow up study to examine those
physiological variables.

prevention program for students of University of Sport
and Physical Education in Gdansk. Almost half of 82
volunteered students to the study were at higher risk to
sustain a musculoskeletal injury due to cut off total score
≤14 on the FMS test.
According to the results of the research, FST is an
effective method in improving low FMS total scores
in young adults that are at higher risk to sustain a
musculoskeletal injury. Future studies should examine
the injury rate among students of physical education at
sport universities and compare more modes of training in
improving FMS scores.

Conclusions
The study showed that there is a need for injury
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Abstract
The aim is to evaluate the effect of resistance training without balance exercises on the static balance skill.
Purpose:
The universe of the study consists of volunteer students who are chosen among the students with similar
Material:

Results:
Conclusions:
Keywords:

physical characteristics and training history (n=15) who are taking education at Istanbul Gelisim University,
High School of Physical Education and Sports (n = 1286) who have any current health problems and disability
history. An information form questionnaire (age, height, and weight, training history) was applied as a
personal data collection tool. Static balance skill of the participants tested through AC International East
Sp. Z O.O. which has the brand of– SIGMA Balance Platform which is found at performance measurement
and evaluation laboratory of Istanbul Gelisim University, High School of Physical Education and Sports. Test
procedures were applied before and after the 6-week resistance training program.
Statistically significant differences were detected in test values of Static balance skill x axis deviation rate of
the study group, rate of deviation from the center in the x axis, the length of distance and average surface
area which is used (P<0,05).
It was identified that 6-week resistance training practices without balance exercises have a positive effect on
the development of static balance skill.
static balance, resistance training, fitness, static exercises.

Introduction1
The purpose of fitness activities is to contribute to the
physical and physiological development of the people and
to provide them a healthier appearance. Although there are
many fitness training methods available today, the aim is
to develop strength in most of them. Resistance exercises
are one of these practices. The effect of resistance exercise
on muscle strength and force is clearly documented [1,
2]. Free weight exercises and stability / balance exercise
practices are considered as the most advantageous training
methods by the fitness community due to their positive
effects on neuromuscular function.
The application of stability / balance exercises
and resistance exercises separately or jointly causes
positive effects especially on somatosensory disorders
[3]. Awareness of the subject is increasing with the
understanding of the importance of all actions and related
elements of the muscular system in the protection of the
posture and the optimal function of the movement system
[4, 5]. Balance can be defined as the central nervous
system input from proprioceptive, vestibular and visual
afferent nerve signals by analysis of signal integration
as an important function in human daily life and sports
activities. The human body posture is controlled by motor
neurons that regulate muscle activity [6, 7]. Static stability
means that the body position can be maintained at rest
[8]. Postural control can be divided into two as static
balance and dynamic balance. Static balance controls the
oscillation amplitude of the body while dynamic balance
© Mehmet Soyal, Aydın Pekel, Ömür Gülfirat, 2020
doi:10.15561/20755279.2020.0307
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uses the internal and external information of the body to
analyse factors that affect the balance of the interference
(such as walking, pushing and pulling), and maintain
postural control. The perfect combination of static and
dynamic balance is the key to normal activities of people’s
daily lives [9].
Fatigue, age, gender, physical activity ability, and
lower limb injury are pointed out as the factors that
potentially affect postural balance. Single and double
foot support, oscillation path under dynamic or static
gravitational conditions, and knee lifting for dynamic
balance (proprioception) ability are listed as the most
commonly used methods to assess the balance ability of
the knee joint [10, 11]. The content of resistance training
is formed by high-intensity exercises of anaerobic type.
Strength which is the primary element of resistance
training is one of the most important bio motor skills for
both professional and recreational athletes. High-intensity
strength exercises are performed in resistance training.
Strength development is expected from 25% to 100%
with high-intensity strength training [12].
Resistance training is a commonly used exercise that
is frequently preferred to improve the physical fitness
of individuals. The main goal of resistance training is to
achieve hypertrophy by increasing muscle strength and
muscle cross-sectional area. Wide variety of training
systems created with different combinations of training
items such as load intensity, number of sets, number of
repetitions, rest interval is used for these purposes [13].
It is assumed that strength which is one of the important
neuro motor skills affect many skills related to physical
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fitness. Although balance skill is one of these features, the
relationship between power and strength is searched in
only a few studies [3]. In addition to resistance training,
stability or balance exercise protocols have been applied
together in existing studies. Studies show that resistance
training practices without balance exercises also have a
positive effect on balance development [5].
Hypothesis: It is expected that resistance training
without balance exercises will have a positive effect on
the static balance skill.
Purpose: It is the evaluation of the effect of resistance
training without balance exercises on the static balance
skill.
Material and Method
Participants. Forming Voluntary Groups: The
research group in this study consists of volunteer students
who are chosen among the students with similar physical
characteristics and training history (n=15) who are taking
education at Istanbul Gelisim University, High school
of Physical Education and Sports (n = 1286) who have
any current health problems and disability history. Age,
height, kg, health and training history information of
the participants were acquired by the survey method.
Age range of participants is 21-28, height range is 171-

190 cm and weight range is 67-103 kg. Also this study
is limited with participants who use their right foot
dominantly.
Research Design. Our study is experimental studies
which evaluate the effect of resistance training without
static exercises on the static balance skill. The data were
collected by applying repeated measurements (pre-testpost-test) technique before and after the strength training
program which is applied for 6 weeks for the purpose of
the study.
Measurements and Procedures. Gender, age, height,
weight, training history and health information of the
participants were determined in the descriptive form
created by the researcher. Static balance skill of the
participants tested through AC International East Sp. Z
O.O. which has the brand of– SIGMA Balance Platform
which is found at performance measurement and
evaluation laboratory of Istanbul Gelisim University,
High School of Physical Education and Sports. After
making the necessary explanations about the test to the
participants, their balance measurements were recorded
as eyes open, on both legs and standing with stabile
metric test application on the platform with XL (easiest)
foot attached for 30 seconds and on one axis on SIGMA
Balance Platform by giving one trial right. As a result

Table 1. Resistance Training Program
Warm-Up - Isinma
1.Smr: Calves, It Band, Adductors
2.Cardio: Eliptical Trainer
3.Static Stretching: Calves, Hip
Flexor, Lats
Cool-Down
Post-Workout Flexibility

Sets-Reps
1

Strength

Sets-Reps

Time

Intensity

Tempo

Exercises
Chest - Back
Standing Cable Chest Press

1-3

12-20

60-70 %

4-2-1

Standing Cable Row

1-3

12-20

60-70 %

4-2-1

1-3

12-20

60-70 %

4-2-1

0

1-3
1-3

12-20
12-20

60-70 %
60-70 %

4-2-1
4-2-1

Super Set

1-3

12-20

60-70 %

4-2-1

90 Sec.

1.Week
1-2
20
60%
5. Week
1-2
20
60%

2. Week
2
15
65%
6. Week
2
15
65%

3. Week
3
15
65%

4. Week
3
12
70%

Shoulders
Standing Dumbell Shoulder Press
Biceps-Triceps (Optional)
Barbell Curl
Push Down
Legs
Step-Up To Balance

Time

Intensity

Rest

Notes

5 Min.
1

30 Sec.

Static Stretching: Calves, Adductors, Hip Flexors, Pectorals

Rest
Notes
0
Circut
Training

Training Progressive

Strength

Strength

Sets
Reps
Intensity
Sets
Reps
Intensity
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of the measurement, the average deviation rates of the
participants from the center of the platform towards the
x axis is determined as cm, also the average deviation
speeds towards the x axis is recorded as cm and the
distance which is used recorded as cm. However, the
surface area which is used is determined as cm².
The general aim of the training program which will
be implemented by the study group is to develop strength
and increase lean muscle mass. Also, since this training
program is designed for people with a regular training
background and a good level of fitness, people who meet
these criteria are selected. The study was conducted on a
voluntary basis by giving information about the training
program and measurements to the research group.
The training program was carried out 2 days in a week
through 6 weeks in total. Exercises only for strength
development which did not contain balance movements
were performed in the main phase of the training program.
Before training, first; SMR application to calf, IT band
and adductor muscle groups in 20-30 seconds, then
Cardio work done with elliptical trainer for 5 minutes.
Finally calf, hip flexors and back muscles are statically
stretched and warming up is completed. After the warmup phase, relevant movements were done for the chest
and back muscle groups at week 1: Circular training
method without rest, With 4-2-1 tempo application, 1-2
sets of 20 reps with 60% of the maximal force, for arm
muscles: with superset training method without rest, With
4-2-1 tempo application,1-2 sets of 20 reps, for shoulder
muscles with 60% of maximal force With 4-2-1 tempo
application, 1-2 sets of 20 reps, with 60% of the maximal
force, for the leg muscles; With 4-2-1 tempo application,
1-2 sets of 20 reps, by giving a rest for 90 seconds with
60% of the maximal force. The exercise was completed by
stretching the calves, adductors, hip flexors, and pectorals

muscle groups with the static stretching method in the
cooling phase at the end of the training. The set, repeat,
tempo, rest, intensity ratios of the exercises applied in the
training program are revised regularly every week and the
progression of the training is done [14].
Statistical Analysis.
The data obtained were recorded in computer
with the package program named IBM SPSS 25.0.
Personal information about the candidates was given by
determining inventory averages, factor scores, frequency
(f) and percentage (%) values. Parametric and nonparametric distribution states of scores were analysed by
examining parametric and non-parametric distribution
curves, skewness-kurtosis values. The data show normal
distribution. Paired Sample T test was used to compare
the pre and posttests of the research group.
Results
When Table 2 is examined; it has been identified that
the average age of the participants is 23.93 ± 1.75, the
average height of the participants is 179.33 ± 2.18 cm,
and the average body weight of the participants is 86.53
± 2.39 kg.
When Table 3 is examined; the average deviation ratio
of pretest static balance skill of the study group on the
x-axis is 0.12 ± 0.07 cm, the average of the deviation speed
rate on the x-axis is 0.60 ± 0.16 cm / sec, the distance
length which is used is 17.42 ± 4.54 cm and the average
surface area which is used is identified as 0.04 ± 0.02 cm².
The average deviation rate of the posttest static balance
skill of the study group on the x axis is 0.06 ± 0.04 cm,
the average deviation rate from the center on the x axis is
0.47 ± 0.14 cm / sec, the distance length which is used is
14.55 ± 3.41 cm and the average surface area which used
is identified as 0.02 ± 0.01 cm².

Table 2. Descriptive Analysis of Age, Height and Body Weight Measurement Values of the Research Group
Parameters
Age
Height (cm)
Body Weight (kg)

n
15
15
15

Mean±Sd
23.93±1.75
179.33±2.18
86.53±2.39

Table 3. Decriptive Analysis of Static Balance Skill Values of the Study Group
Test

Pre-Test

Post- Test

Parameters
The average deviation rate from the center on the X axis (cm)
The speed average deviation rate from the center on the X axis (cm)
(cm/sec)
Distance length (cm)
Surface area (cm²)
The average deviation rate from the center on the X axis (cm)
The speed average deviation rate from the center on the X axis (cm)
(cm/sec)
Distance length (cm)
Surface area (cm²)
170

n
15

Mean±Sd
0.12±0.07

15

0.60±0.16

15
15
15

17.42±4.54
0.04±0.02
0.06±0.04

15

0.47±0.14

15
15

14.55±3.41
0.02±0.01
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Table 4. Comparison of Static Balance Skill Pretest and Posttest Values of the Study Group
Parameters
The average deviation rate from the center on
the X axis (cm)
The speed average deviation rate from the
center on the X axis (cm) (cm/sec)
Distance length (cm)
Surface area (cm²)

Test
Pre Test
Post Test
Pre Test
Post Test
Pre Test
Post Test
Pre Test
Post Test

n
15
15
15
15
15
15
15
15

Mean± Sd
0.12±0.07
0.06±0.04
0.60±0.16
0.47±0.14
17.42±4.54
14.55±3.41
0.04±0.02
0.02±0.01

t

p

3.430

.004*

4.428

.001*

3.329

.005*

3.595

.003*

Note: n: 15; P<0,05*; The average deviation rate from the center on the X axis (cm): (t: 3,430; p=,004); The speed
average deviation rate from the center on the X axis (cm/sec) (t: 4,428; p=,001); Distance length (cm) (t: 3,329; p=,005);
Surface area (cm²) (t: 3,595; p=,003).
When Table 4 is examined, statistically significant
difference was detected in static balance skill, deviation
rate in x axis, rate of deviation from the center on the x
axis, distance lengths and averages of surface area which
is used in pretest and posttest values (P<0,05).
Discussion
In our study, the average deviation ratio of the pretest
static balance skill of the group on the x axis is identified
as 0,12 ± 0,07 cm, the speed average deviation rate from
the center on the X axis (cm) (cm/sec) is 0,60±0,16 cm/
sec, the distance length (cm)is 17,42±4,54 cm, the average
surface area is (cm²) 0,04±0,02 cm².
The average deviation ratio of the post-test static
balance skill of the group on the x axis is identified as
0,06±0,04 cm, the speed average deviation rate from
the center on the X axis (cm) (cm/sec) is 0,47±0,14 cm/
sec, the distance length (cm) 14,55±3,41 cm, the average
surface area is 0,02±0,01 cm². A statistically significant
difference was found in the pretest-posttest data of static
balance parameters (deviation rate on the x axis, the rate of
deviation speed from the center on the X axis, the distance
length, the average surface area) of six-week resistance
training which is implemented to the research group. It
is observed that there is an improvement in the balance
score of the study group. On the other hand, a significant
difference was detected in all pretest and posttest results of
static balance skill values. Similar studies are determined
in the literature. Heitkamp et al. [15] determined the rate
of increase in balance score as 146% in the study group
exercising balance training and 34% in the study group
exercising resistance training in their study.
In another study, Kollmitzer et al. [16] identified
that exercise for strengthening the back extensor muscle
groups implemented to the research group decreased
postural stability on hard surfaces after 1 month, while
it was determined that there was no change after balance
training.

Eylen et al. [17] concluded that the static and dynamic
balance abilities of the players have been improved by
increasing the dynamic balance scores of the different
strength exercises applied to the volleyball players
in their study. Orr R et al. [18] reached a significant
increase in balance performance values of control and
experiment groups performing power training in their
study. Jae-Ryang Yoon et al. [19] found a significant
difference in balance skill practices after pre-test and
post-test in all study groups in their study. Eckardt [20]
accessed significant differences in balance scores of all
groups performing lower extremity resistance exercises in
unstable areas in his work. It is proven that the studies in
the literature are similar to the research findings.
Conclusions
It was determined that resistance training practices
without balance exercises had a positive effect on the
development of static balance skill. Although a large
number of authors have studied the effects of balance
training which are implemented instead of strength training
on balance development, few studies have examined the
effects of static or dynamic balance exercise programs
on performance individually or in combination. More
specific studies should be carried out in the field due to the
fact that there are too many parameters that are thought to
affect the balance-strength relationship. This relationship
has been evaluated from a different perspective in our
study. Moreover, the relationship between strength and
static-dynamic balance exercises can be defined from
different aspects with similar studies. It is concluded that
this study contributed to the related literature and strength
and conditioning specialist, people who train for health
in the process of preparing strength and balance training
which is one of the popular fitness exercises.
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Abstract
The aim of the study was to assess the effectiveness of players of the Polish national football team and their
Purpose:
Material:

Results:

Conclusions:
Keywords:

opponents in one-on-one situations (1-on-1) in 9 matches of the group stage of the three subsequent finals
of the European Championships in the years 2008, 2012 and 2016.
Audiovisual recordings of matches were analysed and game data were collected using the authors’ original
observation sheet. Activity, effectiveness and reliability of individual offensive and defensive actions were
evaluated in terms of current match result, time elapsed and player position on the pitch. Efficiency of
one-on-one play situations of 40 Polish players competing in group stages of Euro 2008-2012 was studied.
The 20 of Polish National Team players taking part in this study were at the student’s age (19-24 y) during
championships and 6 of them were currently students or got a scientific degree.
The study reveals that, on average, players engage in 245 1-on-1 duels in a single match and that the best
teams demonstrate almost 60% effectiveness in individual defensive actions. While the efficiency of 1-on-1
situations is the highest in the middle stage of both parts of the game and in the defensive zone, it decreases
with the lapse of time and in relation with the shift of action towards the opponent’s goal.
Efficiency in 1-on-1 play determines success in competition and high reliability of individual defensive actions
at the level close to 60% is the key differentiator of the winners’ style of play.
football, 1-on-1 play, efficiency, current match result, game time, player position.

Glossary: Zone of direct goal threat (DGT) - area
defined by hypothetical lines running from the goal posts
towards the corners of the penalty box extended for the
distance of 25 m from the goal.
Introduction1
In team sports, the final success is determined by both
individual actions of the players as well as the collective
handling of match situations, i.e., the gameplay skills.
Gameplay skills are relative values determined each time
by the player’s dispositional and situational capacity of
action. Dispositional capacity is the player’s potential
determined by the current state of mental qualities,
effectiveness of cognitive and decision-making processes,
level of motor skills and somatic characteristics. On the
other hand, situational capability is established on the
basis of circumstances in which a player acts; these
include: the players’ sports level, game rules, individual
player objectives, competition importance, reactions of
referees and spectators, weather conditions, current game
result, elapsed time and player positions [1].
A proper evaluation of the efficiency of the players’
actions has to include the situational variables which
directly determine the complexity of the game situation.
© Andrzej Szwarc, Krzysztof Kromke, Aleksander Stuła,
Bartosz Dolański, Mateusz Sitek, 2020
doi:10.15561/20755279.2020.0308
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The complexity of the game situation is directly affected
by the time, player position and the tasks assigned to
him or her [2, 3], skills of other players [3, 4] the game
rules, place and current result [5-9]. It is worth noting
that the indicator of a player’s mastership is his ability to
effectively cooperate and to perform various individual
tasks in increasingly difficult conditions to reach a specific
game purpose.
While the scientific research generally recognises
the importance of individual action for the effectiveness
of football play, the efforts of individual researchers are
mainly focused on the search for model-based special
performance indicators of players (key performance
indicators) [10, 11], with the effectiveness of individual
actions being treated as auxiliary to analysing other
indicators of offensive and defensive play {e.g., [12-14]}.
Reports on the evaluation of the effectiveness of the 1-on1 play, especially in terms of situational variables, are rare
[1, 15, 16].
One-on-one (1x1) play in attack is defined as a set
of actions of the player in possession of the ball taken
against one of his opponents in order to score a goal,
create a goal-scoring situation, gain more playing space
or retain the ball. On the other hand, the player’s actions
against the player with the ball aimed at intercepting the
ball, interrupting the opponent’s action or hindering the
movement of the ball are defined as one-on-one play in

2020

03
defence [16].
Efficiency in 1-on1 play was measured in relation to:
a) activity (number of actions of a given kind
performed by players of one team during the match),
b) efficiency (number of actions of a given kind
performed to reach the objective),
c) reliability (the ratio of the number of effective
actions and the number of all actions performed during
the match) of offensive and defensive actions in 1-on-1
play situations in terms of the elapsed time and playing
area.
The following research questions were raised:
1. What was the efficiency of individual offensive
and defensive actions of the Polish national team players
and their rivals in terms of the elapsed time, game result
and players’ area of operation?
2. What are the differences in the effectiveness
of individual actions between the players of the Polish
national team and the players of the rival teams during
the European Championship tournament matches in 2008,
2012 and 2016?
3. What changes have occurred in the efficiency of
one-on-one play in the players of the Polish national team
during the Euro 2008-2016?
Hypothesis. Based on latestest scientific research and
knowledge about the final results of games played during
Euro 2008-2016 by Polish national team at the beginning
of our research we set a following hypothesis:
Polish national team significantly increased the
activity, efficiency and reliability of 1-on-1 situations
during group stages in Euro 2016 compared to
tournaments organized in 2008 and 2012.
Purpose. The aim of the present study was to assess
the effectiveness of play of the Polish national football
team players and their opponents in the group stage
matches of the Euro 2008, 2012 and 2016 tournaments
in 1-on-1 situations in terms of the elapsed game, current
game result and player’s position.
Material and Methods
Participants
A total of 124 Polish football players’ actions were
assessed along with 123 actions on the part of their rivals
(in the event of substitution, the achievements of the
substituted player were summed up with the performance
of the player entering the game). The total number of 54
(age 26.4 ± 3.8 y) male football players were appointed
to Polish National Team for Euro 2008, 2012 and 2016,
20 (37 %) of them were at student’s age (19-24 y) and 6
(11,1%) were currently students or got a scientific degree.
A sample of 44 Polish players appeared in analysed
matches and 13 (29.5%) of them were at student’s age.
Finally the efficiency of 40 Polish players in one-on-one
situations was analysed. Goalkeepers were excluded from
the study.
Procedure
The research method was observation, with the
observation sheet as the research tool. Prior validation of
the research tool has shown [16] that the level of intra-

rater reliability of the expert’s evaluation, expressed by
the Kappa coefficient, was 0.96, and for three experts, the
inter-rater reliability was 0.93. This meant that the Kappa
coefficients were in the range of almost perfect agreement.
The object of the analysis was the audiovisual recordings
of the 9 matches played by the national team of Poland in
the group stage of the final tournament of the European
Championship in 2008, 2012 and 2016. Match data were
recorded in the observation sheet on the basis of analysis
of video recordings using freeze-frame. The field was
divided into three 35-meter zones: defensive, central and
offensive. The zone of direct goal threat (DGT) was also
identified. Its boundaries were defined by hypothetical
lines running from the goal posts towards the corners of
the box. Outside the box, this area was extended for the
distance of 25 m from the goal (Fig. 1).
In terms of the attack, we evaluated the effectiveness
of the 1-on-1 play aimed at scoring a goal, creating a
goal-scoring situation, gaining more playing space and
keeping the ball. In terms of the defence, on the other
hand, what was evaluated was the efficiency of actions
against the player with the ball aimed at intercepting it or
interrupting the rival’s action. Actions of the goalkeeper
in 1-on-1 situations within his own penalty area were
not registered. Only activities recorded in the regular
time were assessed. Individual actions performed by the
players were divided into three categories: actions at tied
(tie), positive and negative result. In order to compare the
actions in these situations, an extrapolation was made; the
results were averaged by dividing the obtained values of
1-on-1 actions in each category by the number of minutes
played in a given situation, and then multiplying the result
by 90.
Statistical Analysis
All statistical analyses were performed using the
Statistica statistics package (version 10.0, Poland). The
results were expressed as medians and standard deviations.
Before using the single-factor ANOVA analysis of
variance for single classification, the normality of
distribution was checked using the Kolmogorov - Smirnov
test, with Lilliefors test for correction. We compared three
groups of variables of the results obtained by players in
the matches of individual tournaments of the European
Championship. In order to determine the significance of
differences between groups of variables, the post-hoc
NIR test was applied. We also used the Student’s t-test
for independent groups, with the prior assessment of
normality of distribution using Shapiro-Wilk’s test and
homogeneity of variance using Brown and Forsyth test to
determine the significance of the differences between the
two groups of variables (the Polish team vs. rival team).
The level of statistical significance of differences was set
at p ≤ 0.05.
Results
The efficiency in the 1-on-1 play of the Polish team
players and their rivals in terms of match time
In all of the 9 matches analysed (a total of 810
minutes of play) the result of the Polish national team
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was tied for 497 minutes, favourable for 168 minutes and
unfavourable for 145 minutes. Two of analysed games
have been won by Polish team, four matches ended up
in a draw and three games have been lost by Polish team.
Polish players scored 5 goals, 2 of them were scored in the
first halves and 3 in the second halves. On the contrary the
opponents scored 7 goals and 2 of them were scored in the
first halves and 5 in the second parts.
During the analysed matches, the players engaged in
2208 1-on-1 duels: 1115 in the first 45 minutes of the game
and 1093 in the second half. Polish national team players
showed higher efficiency (1185 and 1023 respectively)
and reliability in 1-on-1 play as compared with their rivals
(respectively 53.7% and 46.3%), both during the first and
the second halves of matches (reliability respectively:
53.4 %, 53.9 % and 46.6 %, 46.0 %) (Tab. 1).
There was an increase in the reliability of the Polish
team players in the first 45 minutes of play in matches of
each of the tournaments played in 2008, 2012 and 2016
(respectively, 46.6%, 53.2% and 59.8 %). In the second
halves of the matches the level of reliability decreased from
Euro 2008 to Euro 2012, but the higest percenatege was
observed in Euro 2016 (respectively: 54.1%, 52.9% and
54.9%). It is worth noting (Tab. 2) that in the matches of
the Euro 2008 Championship, the Polish football players
were observed to have a lower reliability than their rivals
in the first 45 minutes of the game (respectively 46.6% and
53.4%), but already in the matches of the Euro 2012, their
reliability increased by 6.6 % in the first part of the match.
By contrast, during the European Championship in 2016,
they surpassed their opponents in terms of reliability both
in the first 45 minutes of the game and the second halves
(respectively: 59.8% and 40.2% and 54.9% and 45.1%).
The values concerning the effectiveness of the actions
of the Polish players and their opponents given in Table
1 show that the Polish national team players attained the
highest 56.2% reliability of 1-on-1 play in the period
from 15 to 30 minutes of the game both for the first and
the second halves of the studied matches. The reliability
of their performance grew in the first two quarters to
decrease in the last 15 minutes for both parts of the game.
Naturally, the effectiveness of rival team in the studied
intervals was reverse, i.e. the highest in the first and the
last quarters of the first halves (respectively 47.6% and
48.6%), and lowest in the middle 15-minute intervals
in both halves of the matches (respectively 43.8% and
44.0%). However, the reliability of rivals in the 1-on-1
play was always lower than the reliability exhibited by
the Polish players.
Further analysis of the achievements of the Polish
team players and their opponents in the 15-minute periods
shows (Tab. 1), that when attacking, the Polish players
engaged in the highest number of 1-on-1 situations in the
first and last quarters of the game (respectively: 194 and
201 duels), and achieved the highest 60.0% reliability
of these actions between the 60th and 75th minute of
the second halves. In turn, their opponents most often
attacked individually between the 30th and 45th minute
of the game and in the first quarter of the second parts
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of the match (respectively: 202 and 200 duels), with the
highest 50.5 % reliability attained in the first quarters of
the matches. On the other hand, the Polish team players
attained higher defensive reliability in 1-on-1 play than
their opponents in all 15-minute periods, with the highest
reliability achieved in the last 15-minute parts of the game
59.7 % (Tab. 1).
It is worth noting that in two out of the six 15-minute
periods in each subsequent tournament, the Polish teams
players showed higher reliability in 1-on-1 situations
(between the 15th and 30th minute, respectively: 53.0%,
55.3%, 60.0% and between the 60th and 75th minute,
respectively: 49.5%, 58.1%, 59.5%). The highest 64.1%
reliability was reported for the Polish players between the
30th and 45th minute of the Euro 2016 matches (Tab. 1).
The data presented in Table 2 shows that the activity of
the Polish players in the 1-on-1 play in the first 45 minutes
of the game during the Euro 2012 was higher compared to
the players of the national teams participating in the 2008
and 2016 tournaments (p ≤ 0.01), while the efficiency
and reliability of individual offensive and defensive
performances was lower (respectively p ≤ 0.001 p ≤ 0.01).
In addition, statistically significant differences were found
between the efficiency and reliability in the 1-on-1 play of
the participants of the Euro 2012 in the first 45 minutes of
the game (also in terms of defence) and the results of the
participants of the Euro 2016 (respectively: p ≤ 0.001 and
p ≤ 0.01). In the Euro 2016 matches, the Polish players
exhibited the highest efficiency (activity, efficiency,
and reliability) in the offensive 1-on-1 play, which was
significantly different from the achievements of the Polish
players in the 2008 and 2012 tournaments (Tab. 2).
The findings in Table 2 show that in the European
Championship in 2008, the players of the rival teams
demonstrated higher reliability in case of 1-on-1 play
in the first 45 minutes of the matches both in offensive
and defensive actions (p ≤ 0.05). However, in terms of
individual defensive challenges, in the second halves
of the game the Polish players acted with a statistically
greater efficiency from their rivals. During the two
subsequent 2012 and 2016 tournaments, the Polish players
showed significantly higher efficiency and reliability in
both offensive and defensive actions as compared to their
rivals.
The efficiency in the 1-on-1 play of the Polish team
players and their rivals in terms of position on the pitch
Data on the effectiveness of the 1-on-1 play of the
Polish team players and their rivals in terms of pitch
position are presented in Table 3 and Figure 1. The Polish
football players engaged in 1153 duels in their half of the
pitch (52.2%) and in 1055 on the opponents’ half (47.8%).
In total, the reliability of individual actions of rivals was
lower than that of the Polish players both in their own half
of the pitch (respectively: 49.1% and 56.2%), and in the
opponents’ half (respectively: 43.8% and 50.9%).
The detailed numerical characteristics of the
1-on-1 play efficiency in individual areas of the
pitch revealed (Tab. 3, Fig.1) that the players of the
opposing team engaged in the highest number of
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Table 1. The effectiveness of the actions of the Polish team players and their opponents in 15-minute periods in the
studied matches of the Euro 2008-2016.
1-on-1 actions
0‘-15‘

Values of performance efficiency in 15 minute periods

15‘-30‘

30‘-45‘
First
half
45‘-60‘

60‘-75‘

75‘-90‘
Second
half
In total

A
E
R
A
E
R
A
E
R
A
E
R
A
E
R
A
E
R
A
E
R
A
E
R
A
E
R

TP
378
198
52.4
377
212
56.2
360
185
51.4
1115
596
53.4
377
201
53.3
334
187
55.9
382
202
52.9
1093
589
53.9
2208
1185
53.7

2008
118
47
39.8
115
61
53.0
115
54
46.9
348
162
46.6
108
58
53.7
101
50
49.5
124
72
58.1
333
180
54.1
681
342
50.2

2012
129
78
60.5
132
73
55.3
128
56
43.8
389
207
53.2
120
60
50.0
117
68
58.1
124
63
50.8
361
191
52.9
750
398
53.1

2016
131
73
55.7
130
78
60.0
117
75
64.1
378
226
59.8
149
83
55.7
116
69
59.5
134
67
50.0
399
219
54.9
777
445
57.3

TR
378
180
47.6
377
165
43.8
360
175
48.6
1115
520
46.6
377
176
46.7
334
147
44.0
382
180
47.1
1093
503
46.1
2208
1023
46.3

2008
118
71
60.2
115
54
46.9
115
61
53.0
348
186
53.4
108
50
46.3
101
51
50.5
124
52
41.9
333
153
45.9
681
339
49.8

2012
129
51
39.5
132
59
44.7
128
72
56.3
389
182
47.8
120
60
50.0
117
49
41.9
124
61
49.2
361
170
47.1
750
352
46.9

2016
131
58
44.3
130
52
40.0
117
42
35.9
378
152
40.2
149
66
44.3
116
47
40.5
134
67
50.0
399
180
45.1
777
332
42.7

AP
194
107
55.2
183
97
53.0
158
73
46.2
535
277
51.8
177
92
51.9
160
96
60.0
201
94
46.8
538
282
52.4
1073
559
52.1

AR
184
93
50.5
194
79
40.7
202
90
44.6
580
262
45.2
200
91
45.5
174
83
47.7
181
73
40.3
555
247
44.5
1135
509
44.8

DP
184
91
49.5
194
115
59.3
202
112
55.4
580
318
54.8
200
109
54.5
174
91
52.3
181
108
59.7
555
308
55.5
1135
626
55.2

DR
194
87
44.8
183
86
46.9
158
85
53.8
535
258
48.2
177
85
48.0
160
64
40
201
107
53.1
538
256
47.6
1073
514
47.9

TP - In total Polish Teams; TR – In total Rival Teams; AP – In attack Polish Teams; AR – In attack Rival Teams; DP – In defence
Polish Teams; DR – In defence Rival Teams; A – activity [number]; E - efficiency [number]; R – reliability [ % ].
1-on-1 duels in the offensive zone in the Polish teams’
halves, while the Polish players were more active
from their opponents in the middle area of the field.
The reliability of the 1-on-1 play both of Polish team
players and their opponents decreased along with the
shift from the defensive zone towards the opponent’s
goal; however, the Polish players were much more
effective than their opponents in each of the studied
areas of the pitch (Fig. 1). It is worth noting that the
Polish national team players participating in each of
the tournaments showed higher 1-on-1 play efficiency
than in the previous tournament (Tab. 3).
The data presented in Table 4 shows that the Polish
teams players exhibited higher and significantly different
efficiency in the 1-on-1 play from his rivals in their own
half of the field in each observed tournament (p<0.01).
Moreover significantly higher efficiency was observed in
the central area of the opponent’s half for both Euro 2008
and Euro 2012 (p<0.01). In turn, their opponents were
more active than the Polish players in their own attack
area (p<0.01) (Tab. 4).

The efficiency of action in the 1-on-1 situations of the
Polish team players and their rivals in terms of match
result
The analysis of numerical data of the Polish teams
and their opponents in terms of the current game result
revealed (Tab. 5) that in all the distinguished categories
(draw, win, lose) the players of the Polish teams exhibited
higher reliability in the 1-on-1 play than their rivals; they
were much more efficient than their rivals in periods of
tied score (reliability respectively of 54.1% and 45.9%),
when winning the match (reliability respectively of 51.7%
and 45.7%) and also when losing (reliability respectively
of 54.3% and 48.3%).
It is worth noting (Tab. 5) that the opponent players
were the most active when the score was tied (254 duels
per match on average). The Polish players showed the
highest 54.1% reliability, with defensive actions being
more effective than the attack situations (respectively
55.5% and 52.6%). In turn, the opposing teams exhibited
48.3% reliability of individual actions when the match
result was unfavourable.
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Table 2. The efficiency of offensive and defensive play in the first and second halves of the match time of the Polish
team players and their rivals in the Euro 2008, 2012 and 2016.

Def 1x1

R

Of 1x1

∑ 1x1

Def 1x1

E

Of 1x1

∑ 1x1

Def 1x1

A

Of 1x1

∑ 1x1

Performance
values of
activity/match
time

Euro 2008
P
R

Euro 2012
P
R

p

Euro 2016
P
R

p

2008 2012
Polish Team

p

F

p

1.000

14.028

0.001a

126.0

1.000

6.589

0.005a

133.0

133.0

1.000

5.712

0.009d

0.479

128.0

131.0

0.746

9.487

0.001a

62.7

0.072

58.3

67.7

0.099

16.142

0.001b

56.0

64.7

0.168

69.7

63.3

0.197

9.348

0.001c

0.003

127.4

123.0

0.479

131.0

127.9

0.746

0.921

0.411

53.0

0.001

62.7

67.0

0.001

67.7

58.3

0.099

1.967

0.161

53.7

0.397

64.7

56.0

0.194

63.3

69.6

0.197

0.803

0.460

114.0

113.0

0.913

132.6

116.7

0.001

148.4

110.6

1

0.001

11.502

0.001b

0‘- 45‘

54.0

62.0

0.0182

69.0

59.7

0.0461

75.4

50.7

0.0011

58.135

0.001b

45‘-90‘

60.0

51.0

0.189

63.6

57.0

0.164

73.0

59.9

0.001

1

2.811

0.080

∑

54.0

60.3

0.204

61.6

55.3

0.181

70.7

53.3

0.007

1

4.527

0.021d

0‘- 45‘

24.3

33.3

0.001

34.3

27.0

0.019

33.7

26.0

0.029

17.876

0.001a

45‘-90‘

29.7

27.0

0.552

27.3

28.3

0.816

37.0

27.3

0.0141

2.704

0.087

∑

59.9

52.7

0.137

71.0

61.4

0.0061

77.7

57.4

0.0011

7.037

0.003a

0‘- 45‘

29.6

28.7

0.677

34.7

32.7

0.448

41.7

24.7

0.001

13.348

0.001b

45‘-90‘

30.3

24.0

0.0231

36.3

28.7

0.0071

36.0

32.7

0.197

2.356

0.118

∑

50.2

49.8

0.907

52.9

46.7

1

0.001

57.3

42.7

0.001

6.772

0.004c

0‘- 45‘

46.6

53.4

0.0192

53.2

46.0

0.0161

59,8

40.2

0.0011

14.798

0.001b

45‘-90‘

54.1

45.9

0.155

52.9

47.2

0.023

54.9

45.1

0.001

0.345

0.721

∑

50.6

50.1

0.932

50.1

43.4

1

0.040

55.2

40.7

1

0.001

1.280

0.289

0‘- 45‘

45.8

52.9

0.0202

51.2

43.1

0.0411

57.6

37.6

0.0011

7.012

0.003d

45‘-90‘

55.3

47.1

0.232

48.8

43.7

0.0381

53.1

43.2

0.0041

0.677

0.517

∑

49.8

49.4

0.932

55.7

49.9

1

0.006

59.3

44.8

0.001

14.998

0.001a

0‘- 45‘

46.9

54.2

0.0202

55.3

48.8

0.0061

62.3

42.4

0.0011

28.687

0.001a

45‘-90‘

52.9

44.7

0.237

56.1

51.3

0.0281

56.8

46.9

0.0041

2.012

0.155













∑

227.0

227.0

1.000

250.4

250.4

1.000

259.0

259.0

0‘-45‘

116.0

116.0

1.000

129.7

129.7

1.000

126.0

45‘-90‘

111.0

111.0

1.000

120.7

120.7

1.000

∑

106.7

120.3

0.0032

123.0

127.4

0‘-45‘

53.0

63.0

0.001

67.0

45‘-90‘

53.7

57.3

0.393

∑

120.3

106.7

0‘-45‘

63.0

45‘-90‘

57.3

∑

2

1

2

2

1

1

1

1

1

1

1

2016

Activity [number]; E – Efficiency [number]; R – Reliability [%]; p – significance level; F - value of variance analysis singlefactor test function; P - Polish teams; R - rival teams; 1-P > R; 2-P < R; a - 2008<2012 and 2016; b - 2008<2012 and 2016
and 2012<2016; c 2016>2008 and 2012; d 2008<2016.
In addition, the Polish teams players were more often
engaged in defensive battles (an average of 126 in one
match) and were more effective as compared to the players
of the opposing teams (reliability respectively 55.2%
and 47.9%). On the other hand, their opponents showed
higher activity in individual offensive actions (an average
of 126 battles per match), but exhibited lower reliability
(respectively 44.8% and 52.1%). In case of favourable
result, the Polish teams players and their opponents
more readily engaged in offensive battles, while in case
of unfavourable result they were more often involved in
defensive battles (Tab. 5).
The results of the study presented in Table 5
demonstrate that in the Euro 2008 tournament matches the
Polish players attained the highest reliability in individual
178

offensive actions in cases of unfavourable result (56.9%)
while exhibiting the lowest reliability when attacking in
case of favourable outcome (40.3%). However, during
the 2012 tournament matches they showed the highest
reliability in defending (61.8%) and the lowest when
attacking in situations of favourable result (42.5%). In
turn, during the Euro 2016 matches they failed the least at
individual defense actions (59.3%), yet most often during
offensive actions (53.9%) with the tied score (Tab. 5).
Discussion
Success in football is largely decided by both the
individual actions of the players and the skills to jointly
implement the game objectives. The present work
involved an assessment of the effectiveness of actions in
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Table 3. The efficiency in 1-on-1 action in individual zones of the Polish players and their rivals in the examined matches
of the Euro 2008-2016.
Values of action efficiency

Pitch area

A

E

2008 2012 2016

2008 2012 2016 2008 2012 2016 2008

P

2208

1185

53.7

245.3

R

2208

1023

46.3

245.3

P

681

750

777

342

398

445

50.2

53.1

57.3

227.0 250.0 259.0

R

681

750

777

339

352

332

49.8

46.9

42.7

227.0 250.0 259.0

P

1153

648

56.2

128.1

R

1055

518

49.1

117.2

P

353

398

402

187

221

240

52.9

55.5

59.7

117.7 132.7 134.0

R

328

352

375

173

175

170

52.7

49.7

45.3

109.3 117.3 125.0

P

653

381

58.3

72.6

R

510

266

52.2

56.7

P

181

242

230

102

138

141

56.4

57.0

61.3

60.3

80.7

76.7

R

171

162

177

98

81

87

57.3

50.0

49.2

57.0

54.0

59.0

P

265

183

69.1

29.4

R

171

96

56.1

19.0

P

77

97

91

54

68

61

70.1

70.1

67.0

25.7

32.3

30.3

R

45

66

60

29

34

33

64.4

51.5

55.0

15.0

22.0

20.0

P

500

267

53.4

55.6

R

545

252

46.2

60.6

P

172

156

172

85

83

99

49.4

53.2

57.6

57.3

52.0

57.3

R

157

190

198

75

94

83

47.8

49.5

41.9

52.3

63.3

66.0

P

1055

537

50.9

117.2

R

1153

505

43.8

128.1

P

328

352

375

155

177

205

47.3

50.3

54.7

109.3 117.3 125.0

R

353

398

402

166

177

162

47.0

44.5

40.3

117.7 132.7 134.0

P

545

293

53.8

60.6

R

500

233

46.6

55.6

P

157

190

198

82

96

115

52.2

50.5

58.1

52.3

63.3

66.0

R

172

156

172

87

73

73

50.6

46.8

42.4

57.3

52.0

57.3

P

510

244

47.8

56.7

R

653

272

41.7

72.6

P

171

162

177

73

81

90

42.7

50.0

50.8

57.0

54.0

59.0

R

181

242

230

79

104

89

43.6

42.9

38.7

60.3

80.7

76.7

P

171

75

43.9

19.0

R

265

82

30.9

29.4

P

45

66

60

16

32

27

35.6

48.5

45.0

15.0

22.0

20.0

R

77

97

91

23

29

30

29.9

29.9

32.9

25.7

32.3

30.3

Euro Tournament

In total

In total
Own half of the
field

Defense zone

DGT
(Own half)

Central zone

In total
Opponent‘s half

Central zone

Attack zone

DGT
(Opponents half)

R

Avg
2012

2016

DGT – area of direct goal threat; P – Polish team players, R – Opponent players; A – Activity [number]; E – Efficiency
[number]; R – Reliability [%]; Avg – The average number of actions in the game [number]
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Table 4. The efficiency of the 1-on-1 play by the Polish national teams players and their rivals in the various areas of
the field during the European Championship in 2008, 2012 and 2016.
Euro 2008

Efficiency values of action/area
of the field

In total - own half

Defense zone
DGT
(Own half)
Central zone
(Own half)
Central zone
(Own half + Opponent’s
half)

P

R





A
E
R
A
E
R
A
E
R
A
E
R
A
E

133.3
77.0
57.8
78.9
46.5
59.0
31.3
21.5
67.1
54.7
30.3
55.4
119.3
65.5

121.1
55.0
45.9
56.0
28.0
50.7
21.0
11.2
54.9
64.7
29.5
45.4
119.3
53.8

R

54.8

45.2

Euro 2012

Euro 2016

P

R





0.087
0.0011
0.0011
0.0011
0.0021
0.0031
0.0011
0.0011
0.0011
0.0012
0.618
0.0011
1.000
0.0011

126.0
71.3
55.9
68.5
40.5
57.4
28.0
19.2
66.5
57.3
30.7
53.3
116.3
63.5

117.2
57.2
49.6
58.0
30.8
54.4
17.5
10.3
61.0
59.2
26.3
45.3
116.5
53.0

0.0011

53.0

46.1

p

P

R





0.218
0.0051
0.0121
0.156
0.059
0.329
0.0011
0.0011
0.218
0.560
0.0181
0.0011
0.972
0.0041

125.3
68.3
54.3
70.5
40.0
56.0
29.0
20.3
69.2
54.7
28.0
51.2
112.3
57.7

113.3
55.5
49.2
55.5
29.8
52.7
18.5
10.5
57.7
57.8
28.3
48.7
112.5
54.6

0.0371
0.0021
0.0251
0.0071
0.0091
0.199
0.0011
0.0011
0.0031
0.319
0.934
0.266
0.967
0.337

0.001 1

50.9

49.0

0.302

P

p

A 121.2 133.2 0.087
117.2 125.8 0.221
113.3 125.1 0.0411
In total - opponent‘s half
E 63.6
56.5
0.107
60.0
54.7
0.232
55.3
57.2
0.566
R 52.2
42.2
0.0011 50.5
44.2
0.0131
48.8
45.9
0.165
1
59.2
57.3
0.560
57.8
54.7
0.317
A 64.6
54.7
0.001
Central area (Opponent’s
E 35.2
24.3
0.0011 32.8
26.7
0.0111
29.7
26.7
0.142
half)
1
1
R 54.5
44.6
0.001
54.7
46.1
0.001
51.2
48.8
0.266
68.0
0.156
55.5
70.6
0.0072
A 56.0
78.8
0.0052 58.0
E 28.5
32.2
0.354
27.1
28.0
0.814
25.6
30.5
0.0312
Attack zone
R 49.3
40.9
0.0021 45.6
42.5
0.329
47.2
43.8
0.189
A 21.0
31.3
0.0012 17.5
28.0
0.0012
18.5
29.0
0.0012
DGT
E 9.8
9.8
1.000
7.2
8.8
0.238
8.0
8.7
0.482
(Opponent’s half)
R 45.0
32.9
0.0011 38.9
33.4
0.219
42.3
30.7
0.0031
p - significance level; A - activity, E - efficiency, R - reliability; DGT – area of direct goal threat; P - Polish team R - rival
team; 1 P - > R; 2P < R;
defence zone
35 m

middle zone
35 m

attack zone
35 m

direction of action

P - team Poland, O-Opponents
Figure 1. Reliability in 1-on-1 situations in each zone of the field by the Polish teams players and their rivals in the
analysed matches of Euro 2008-2016.
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Table 5. Efficiency in 1-on-1 situations of the Polish team players and their rivals in terms of current match result.
Match course
Euro Tournament

Values of action efficiency
A
2008

E

R

2012 2016 2008 2012 2016

P 2208
In total
R 2208
P 1073
R 1135
In attack
P 320
369
384
R 361
381
393
P 1135
R 1073
In defence
P 361
381
393
R 320
369
384
1-on-1 actions with tied score (draw)
P 1400
In total
R 1400
P 667
R 733
In attack
P 130
272
265
R 158
284
291
P 733
R 667
In defence
P 158
284
291
R 139
272
265
1-on-1 actions at favourable result
P 445
In total
R 363
P 226
R 183
In attack
P 67
40
119
R 128
55
--P 219
R 180
In defence
P 75
42
102
R 123
57
--1-on-1 actions at unfavourable score
P 363
In total
R 445
P 180
R 219
In attack
P 123
57
--R 75
42
102
P 183
R 226
In defence
P 128
55
--R 67
40
119

1185
1023
559
509
162
181
626
514
180
158
758
642
351
326
65
83
407
316
75
65
230
166
113
81
27
60
117
85
37
53
197
215
95
102
70
38
102
113
68
40

185
168

212
160

213
184

233
172

143
128

143
115

156
129

176
122

17
21

69
---

23
32

57
---

25
19

--45

34
23

--50

Avg

2008 2012
53.7
46.3
52.1
44.8
50.6
50.1
55.2
47.9
49.9
49.4
54.1
45.9
52.6
44.5
50.0
52.5
55.5
47.4
47.5
46.8
51.7
45.7
50.0
44.3
40.3
46.9
53.4
47.2
49.3
43.1
54.3
48.3
52.8
46.6
56.9
50.7
55.7
50.0
53.1
59.7

2016

2008

2012

2016

50.1
44.1

55.2
40.7

123.0
127.0

128.0
131.0

55.9
49.9

59.3
44.8

245.3
245.3
119.2
126.1
106.7
120.3
126.1
119.2
120.3
106.7

127.0
123.0

131.0
128.0

253.5*
253.5*
120.8*
132.7*
112.5*
136.7*
132.7*
120.8*
136.7*
112.5*

123.3* 122.3*
129.1* 134.1*

238.4*
225.3*
121.1*
113.6*
102.2*
107.7*
117.3*
111.7*
114.4*
103.5*

105.9* 142.8*
130.3* ---

225.3*
238.4*
111.7*
117.3*
103.5*
114.4*
113.6*
121.1*
107.7*
102.2*

135.0* --111.2* 122.4*

52.6
45.1

53.9
39.5

54.9
47.4

60.5
46.0

42.5
38.2

57.9
---

54.8
56.1

55.9
---

43.9
45.2

--44.1

61.8
57.5

--42.0

129.1* 134.1*
123.3* 122.3*

111.2* 122.4*
135.0* ---

130.3* --105.9* 142.8*

P – team Poland; R – rival team; * results after extrapolation; A – Activity [number]; E – Efficiency [number]; R –
Reliability [%]; Avg – The average number of actions in the game [number]
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1-on-1 situations of a total of 124 Polish teams players and
123 of their opponents in the group stage matches of the
final tournaments of the European football championship
played in 2008, 2012 and 2016.
Our studies show that the examined players engaged
in an average of 245 one against one battle per match.
They exhibited similar activity in the first and the second
halves of the matches, while the Polish national team
players were much more efficient than their rivals in both
the first (reliability respectively at 53.4% and 46.6%) and
the second halves of the game (reliability respectively
at 53.9% and 46.0%). It should be noted that the Polish
teams showed higher effectiveness (activity, efficiency
and reliability) in the games of each of the subsequent
European championships, which was significant to the
extent that during the Euro 2016 they already exceeded
the reliability of the actions of their opponents by nearly
15% (respectively 57.3% and 42.7%).
Our results do not differ from the results presented
in other studies. Dellal et al. [6] and Szwarc et al. [1]
showed that players with the highest skills competing
in the final tournaments of the World and European
Championships and the best football leagues perform an
average of 230 1-on-1 duels with reliability greater than
50%. What is more, the higher reliability in 1-on-1 battles
is observed, the higher the end result of the team in a
given tournament. For instance, Loy [17] demonstrated
55% reliability in the 1-on-1 play of the German football
players - the champions of the World Cup in 1990, while
Szwarc et al. [1] showed 56% reliability of battles that
the Spanish players engaged in during all the matches of
the European and World tournaments in 2008 and 2010
which they eventually won. Similarly, the analysed Polish
players participating in the Euro 2008 (ending only 3rd in
the group stage) showed only 50.2% reliability in 1-on-1
duels, while during the matches of the 2016 tournament
(in which they advanced to the quarter-finals) they reached
57.3% reliability in 1-on-1 play.
The examination of the effectiveness of actions in
1-on-1 play in 15-minute periods showed that when
attacking, the Polish players engaged most frequently in
1-on-1 play in the first and the last quarters of the game,
while reaching the highest reliability between the 15th and
30th minute of both parts of the game. On the other hand,
they attained higher defensive reliability in 1-on-1 play
than their opponents in all 15-minute periods, with the
highest reliability achieved in the last 15-minute parts of
the game. Thus, we confirmed previous observations, in
particular by Armatas et al. [18], Njororai [19] and Harper
et al. [20], and Zhao & Zhang [21], who suggest that
teams with the highest playing abilities are most active
in the initial and final phases of both parts of the game,
because it is then when they want to change the result
or keep the existing score. Teams ranked higher attain
high reliability in defensive actions [2, 9, 22-24], also in
1-on-1 play [1, 16]. In addition, the observed higher and
significantly different reliability in the subsequent Euro
2008, 2012 and 2016 tournaments in 1-on-1 play by the
Polish players is also evidence of increasingly higher
182

football skills of the Polish football teams participating
in the finals, which finds corroboration in the official
FIFA rankings. Thus, it seems well justified to claim that
players with higher playing skills achieve generally higher
efficiency in individual actions as compared to their rivals,
with very high reliability in the defensive battles being the
key differentiator of the winners. It also needs to be added
that, following our previous research [1], an exception to
this rule were the Spanish national teams participating in
the 2008 and 2012 European tournaments and the 2010
World Cup, who also showed very high reliability in the
individual offensive actions. The Spanish national teams
of these years created a unique style of play, unattainable
for other national teams.
Our results on efficiency of 1-on-1 play in terms of
game area showed that the Polish national team players
demonstrated higher and significantly different reliability
in 1-on-1 play from their rivals in all areas of the field,
especially in their half and in the central area of the pitch.
In turn, their opponents were much more active in their
own offensive area. Thus, we confirm the findings of
earlier studies by Collet [25], O’Donoghue [26], Szwarc
et al. [16]. The researchers proved that the activity in both
individual actions as well as in joint ball possession in the
opponent’s defensive area is not a significant determinant
of the winners’ effective play. What is actually crucial is
the reliability of defensive actions, also the individual
ones [16], and the activity and efficiency of actions in
the central area of the field [27, 28], understood as the
immediate desire to intercept the ball and create a goalscoring situation is the common characteristic of the
playing style of top-level teams [4, 29, 30]. However,
regardless of the level of the teams’ sports skills, the
reliability of individual offensive actions decreases as it
shifts towards the area of the opponents’ defense.
The results of own research concerning the
effectiveness of the actions in the event of 1-on-1 play
in terms of the current match result showed that the
investigated teams competed more than 3 times longer
in the situations of tied score as compared to periods of
favourable and unfavourable result. We demonstrated that
the Polish team players were the most active in 1-on-1
play situations when the result was tied. In addition, they
exhibited a higher reliability (more than 50%) in cases of
favourable, unfavourable and tied score both in attack and
defense as compared to their opponents.
In turn, Szwarc and Dolański [31] showed that the
individual and team activity of the players competing
in the semifinal and the final matches of the 2006 World
Cup and the 2008 European Championship is statistically
significantly higher in situations of unfavourable score
than in case of favourable result; however, the situations
of play at tied score were not analysed. Their observations
were confirmed by Lago-Peñas and Gómez-López [32],
who studied ball possession of the English Premier
League players in the season 2012/2013, proving that
it decreases in teams that are in situation of favourable
result (1 goal lead).
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Conclusions
Polish national team players participating in the
Euro 2012 and 2016 tournaments showed similar high
activity in 1-on-1 actions which was much higher than
in case of the Euro 2008, while the activity in offensive
situations exhibited by the players during the 2016
tournament in case of favourable result may point to high
individual skills of these players. These results proved our
hypothesis that during Euro 2016 Polish players achieved
higher numbers in terms of activity in 1-on-1 situations
compared to 2008 and 2012 tournaments. However this
findings may be related with time spent in a favourable
result in particular tournaments. Moreover in most cases
Polish national teams achived higher efficiency and
reliability depending on the elapsed time, current result
and playing area during Euro 2016. Despite the fact that the
frequency of actions in the 1-on-1 play varies depending
on the current match result, the suggestion that the play
in situations with neutral, favourable or unfavourable
score determines the style of play of teams is unfounded.
In summary, the analysis of results and the overview of
the available literature on the subject demonstrate that an
effective 1-on-1 play determines success in competition,
and high reliability of individual defensive actions at
the level close to 60% is the key differentiator of the
winners’ style of play. Furthermore another important
factor which must be considered interpreting our results
is significant number of players at the student’s age in
group of appointed players. The group of players at the
age of 19-24 represented nearly half (45.5%) of all Polish
players participating in Euro tournaments. Moreover six
of them have been studied or got a scientific degree during
their professional career. A significant number of players

at the student’s age competing at international level is an
important indication for coaches of academic teams. Our
conlusions should be helpful for selection process and
team recruitment both at professional and academic level.
Methods of analyzing one-on-one situations presented in
our research may be used as an objective assement tool
for football player’s actions and be the source of further
conlusions leading to new solutions in football training.
Highlighting the fact that group at the student’s age were
a significant part of players competing at the highest level
an application of one-on-one play evaluation should be
considered in pedagogical study programmmes designing
for future physical education teachers and coaches.
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