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Abstract

The study objective. Substantiation and implementation of the heart rate monitoring tool, developed on the basis of
information systems for the rapid registration of cardiac rhythm during exercise.

Material and Methods. The study was implemented at the theoretical and empirical level. The basis of the study is

the use of a set of theoretical methods: scientific analysis and synthesis, comparison, systematization, induction and
deduction, generalization. The following methods of empirical research were used: description, empirical comparison,
technical modeling, sphygmographic method of registration of pulsograms.

Results. According to the results of the search activity, a device designed to monitor heart rate in real time was
presented. To implement the new electronic method and heart rate monitor of the functional state of the cardiovascular
system, an optical block that eliminates the subjective determination of control results associated with the probability
of errors was created. The use of an optical unit provides a fast dynamic picture of heart rate measurement, since the

unit uses an optical sensor. Spectral characteristics of blood, which change under the influence of physical activity, were
used for heart rate registration. Positive characteristics that ensure the quality of real-time HR monitoring procedures
using the developed device in addition to high technical parameters are: high level of sensitivity, wide dynamic range,
harmonized frequency response, linearity of conversion, note also non-invasiveness, security in application, low energy

consumption signal, and transformations that do not affect or distort the control results.

Conclusions. The use of information systems in heart rate control ensures the accuracy of the measurement
information and the correspondence between the degree of scientific reliability and practical value of the obtained

results.

Keywords: physical education, monitoring, heart rate, device, sensor, control.

Introduction

Problem statement. The effectiveness of physical educa-
tion is correlated with scientifically sound management of
the functional potential of the organism. The effectiveness of
the latter is provided by the availability of high-quality opera-
tional information about the impact of physical activity on
the body (Anikieiev, 2015). On the basis of knowledge about
the regularities of the functioning of physiological systems,
the expediency of influence of the means of physical culture
on the body is determined. Thus, exercise control is exercised
during the training (Schmidt & Lee, 2013).

© Koryahin, V., Mykytyuk, Z.,Turchyn, Y., Blavt, O.,
Prystynskyi,V., Stadnyk, V., 2021.
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The criterion for the adequacy of physical activity, the ba-
sis of their regulation and planning in the process of physical
education is to determine the physiological reactions of the
cardiovascular system. Such monitoring of heart rate (HR)
is realized, which is an important indicator of the functional
activity of the cardiovascular system and the state of the cir-
culatory system as a whole (Zanevskyy & Zanevska, 2019).
This takes into account the increase in heart rate directly dur-
ing exercise or the nature of recovery of this indicator after
their completion. In the pulse signal of the radial artery are
reflected and the processes of higher levels of regulation, and
many hemodynamic indicators of the cardiovascular system,
including intravascular pressure, arterial wall voltage, wave
processes in the arterial system, movement of blood masses
and more (Dinesh, Sforzo, & Swensen, 2007). All these pro-
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cesses, to varying degrees, affect the shape of the pulse wave
and its rhythmic structure (Fedorov, 2008).

Therefore, current information on the control of HR dy-
namics during training is necessary in terms of indicating the
intensity of the impact of physical activity on the body. Such
control involves: control, assessment of the state of the organ-
ism, accumulation of statistics, their analysis, determination
of dynamics and trends (Ozemek, Whaley, Holmes Finch, &
Kaminsky, 2017). First of all, it is of paramount importance
for the specialists of physical culture for solving the issues
of admission to training sessions (Laurson, Brown, Dennis,
& Cullen, 2008), since the HR is available for rapid control
of the heart when determining the body’s response to physi-
cal activity, in the study of physical performance, emotional
stress, etc (Ivashchenko, 2020; Oliver & Stembridge, 2011).

Given that the results of HR monitoring are the basic ba-
sis for planning the mode of exercise and the strategy of fur-
ther physical education in the practice of physical education,
itis very important to choose the right method for measuring
HR (Arena, Myers, & Kaminsky, 2016; Jrgensen, Andersen,
Froberg, Maeder, von Huth Smith, & Aadahl, 2009). Cur-
rently, several methods are used to determine the HR in the
course of training: manual, mechanical, electrical and optical.
The most widely used are palpation, photoplethysmography,
sphygmography, rheography, electrocardiography (Thomas,
Nelson, & Silverman, 2015; Reiman & Manske, 2009; Fain-
silberg, 2007). However, the technical difficulties that accom-
pany the use of these methods make it impossible to control
the HR directly while performing physical work (Nichols,
Davis, McCord, Schmidt, & Slezak, 2013). In some cases, HR
cannot be measured at all (during interval training, etc.).

Therefore, despite the wide range of HR control tools in
the current practice of physical education, the problem of
objective and reliable real-time monitoring of such control
has not been solved to date. Given the importance of having
information about the cardiovascular system’s response to
physical activity, the issue of HR control is very important.

Analysis of recent research and publications. The problem
of ensuring the reliability of control in physical education has
been studied at different times (Alfrey & Gard, 2014; Osipov et
al., 2020; Koryahin, Blavt, & Ponomaryov, 2019). Nowadays,
the possibilities of introduction of innovations in the control
of physical education are being given increased attention in the
works of specialists of the industry. Trends in the use of new
controls in physical education to improve its effectiveness are
discussed in the works (Gasser & Hoppeler, 2015; Vasconcelos,
Damorim, Santos, Lima, Santos, Lima, & Damasceno, 2020).

Many authors have addressed the problem of develop-
ment of information systems of HR monitoring and diagnos-
tics of the cardiovascular system (Cooper, Watras, O’Brien,
Luke, Dobratz, Earthman, & Schoeller, 2009; Faulkner, Greey,
& Hunsicker, 2013; Yankovenko, 2010). In the scientific re-
searches the methods of electrocardiography and types of
pulsometry (sphygmography, plethysmography), which are
the most common methods of diagnostics of the condition of
the cardiovascular system, and through it — and other organs
and systems of the organism, are considered (Dinesh, Sfor-
zo, & Swensen, 2007; Fainsilberg, 2007; Warburton, Nicol,
& Bredin, 2006). It is determined that the disadvantage of
modern HR systems is the complexity and the high cost,
the sensors in such systems are purely analog, which causes
a decrease in the accuracy of recording the primary signal.

The range of devices with optical HR measurement
technology is quite common in publications (Fedorov, 2018;
Hotra, Mahlovanyy, Mykytyuk, Ivakh, & Politanskyi, 2019).
It is on the basis of optical sensors that smartphones, brace-
lets-trackers, watches have been developed, and all the ma-
jor companies are expanding the line of HR monitors with
models with optical sensors (Vasconcelos, Damorim, Santos,
Lima, Santos, Lima, & Damasceno, 2020). However, the de-
velopment of information systems today allows to implement
the processing of the pulse signal by many available methods
using a wide range of technical means. Methods for digi-
tal processing of pulsations are aimed at computer filtering
and selection of useful signal (slate approximation, fourier
analysis, various types of wavelet transform) and to deter-
mine changes of diagnostic parameters (American College of
Sports Medicine, 2013). At the heart of these methods - HR
control is carried out according to the normative HR, that is,
compare the parameters of the received HR with the diagnos-
tic HR characteristics that were established earlier. According
to contour analysis, pulse curves reflect only the general form
of blood pressure fluctuations, and do not provide qualitative
and quantitative characteristics of the cardiovascular system.
Such techniques are quite complicated both in understanding
and in calculations, since they require the early processing
of pulse signals from vessels, complex decomposition into
spectra, speed of mathematical calculations and programs.
The high reliability of the methods in this case is achieved by
an individual approach to each individual spectrum, which
makes it impossible to automate such a procedure.

We note the recent progress in the use of electronic meth-
ods in measuring devices, systems and devices. Moreover, the
mutual impact of electronics and measurement tools today
and the prospects for this impact on future advances in physi-
cal education are evident. It is convincing to look (Fedorov,
2008; Reiman & Manske, 2009; Sartor, Bonato, Papini, Bosio,
Mohammed, & Bonomi, et al., 2016) at the need to find ways
to modernize and identify the means of HR control. Accord-
ing (Yankovenko, 2010; Oliver, & Stembridge, 2011), it is im-
portant to choose the right measurement method, to create
sensors with the appropriate specifications, to perform the
full range of information processing measures.

Purpose of the research is substantiation and implemen-
tation of the HR monitoring tool, developed on the basis
of information systems for the rapid registration of cardiac
rhythm during exercise.

Materials and methods

Organization of research

The study was implemented at the theoretical and em-
pirical level.

The basis of the study is the use of a set of theoretical
methods: scientific analysis of synthesis, comparison - as
ways of knowing the objective reality, to determine the state
of solution of the selected scientific problem, which allowed
to study the existing methods of HR monitoring, heart rate
currently used in practice and concretization existing meth-
ods of analysis of pulsograms; systematization - to justify the
feasibility of using computerized HR monitoring systems; in-
duction and deduction for collecting theoretical and factual
material for revealing the peculiarities of HR detection tech-
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niques, its generalization for determining the possibilities of
using sensors in HR monitoring devices and systems that al-
low to quantify the functioning of the cardiovascular system.

Among the methods of empirical research were used:
description of the proposed method of optical pulsometry
and a formal (abstract) description of the signal of movement
of the artery wall in view of the availability of information in
it; empirical comparison of HR the recording techniques to
identify their disadvantages that reduce the practical value of
their use; technical modeling was used to create the device
to be studied: the use of technical means gave the simulation
an experimental character; experimental use of the sphyg-
mographic method of registration of pulsograms and the
developed technique of optical pulsometry for the purpose
of obtaining empirical data, their visualization in digital and
graphical forms for giving objective conclusions.

The experimental study was aimed at eliminating a num-
ber of problematic factors and ensuring promptness, objectiv-
ity of control procedures, etc. using information systems. This
involved the synthesis of new sensors, including nanosensors,
with improved technical performance to create a state-of-the-
art device for efficient HR measurement in real time.

Results

To realize the purpose of the study, first of all, the as-
sumption was made regarding the shortcomings of sphyg-
mographic HR recording devices, which are now most used
in the practice of physical education. There is confidence
that they have significant limitations and do not fully meet
the needs of control. This is due to low research efficiency

Mio Alpha,

and limited signal recording channels. In addition, modern
sphygmographic recording systems use sensitive solid-state
pressure sensors with an elastic membrane, piezoelectric and
pneumatic sensors, the application of which is a significant
drawback of the significant influence of vibrations of me-
chanical origin. There is a likelihood of measurement errors
dependent on changes in ambient temperatures. It has been
found that the HR determination by a sphygmograph is char-
acterized by low efficiency and limited signal recording chan-
nels, which makes it impossible to obtain the pre-existing
control results.

To implement the new electronic method and HR moni-
tor of the functional state of the cardiovascular system a creat-
ed optical block that eliminates the subjective determination
of control results associated with the probability of errors.

The use of an optical unit provides a fast dynamic picture
of HR measurement, since the unit uses an optical sensor
(Malaric, 2011). The feasibility of containing an optical sen-
sor is justified by the simplicity of the structure, the low cost,
the acceptable accuracy of operation, the absence of influence
on the organism of the subject of monitoring. The optical
sensor used is based on an optocoupler that combines a ra-
diation source and an electronic photoconverter. The choice
of radiation source parameters is determined by the optical
characteristics of the blood, including the absorption coef-
ficient. Spectral characteristics of blood, which change under
the influence of physical activity, were used for HR registra-
tion. Figure 1 presents the spectral characteristic that reflects
the absorption value of venous and arterial blood.

The above dependence has characteristic spectral areas
with pronounced peak values of the absorption coefficient.
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Fig. 1. Spectral characteristics of blood
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These spectral ranges are used to record the HR. The arrows
show the spectral ranges used by some manufacturers for the
production of HR monitoring devices.

Human skin contains many thin capillaries filled with
blood. At a time when the heart is contracting, the blood
pressure rises, it enters the blood vessels more actively, which
means that it absorbs more light. The sensor records this and
determines the HR by calculating the number of such bursts
per minute.

The vast majority of optical HR monitors, as can be seen
from Fig. 1, use a certain, defined range within which irradia-
tion and registration of the reflected signal are carried out.
This approach is easy to implement, however, it has the draw-
backs associated with errors that can occur in the absence of
good contact between the sensor and the body. The latter is
almost impossible to provide during the course.

Another disadvantage of optical HR monitors is the de-
pendence on the body’s response to the cold. Any decrease in
blood flow (for example, in cold weather) may interfere with
the operation of the optical HR sensor. As the body cools, the
blood flow in the capillaries decreases, the device becomes
much more difficult to capture the contraction of the heart.
Therefore, if you belong to the category of people who, in
cool weather (even with physical activity), their hands lighten
quickly and become cold, the optical heart rate monitor may
distort the data obtained during autumn jogging.

Finally, the third drawback of the optical type heart rate
monitor is the possible errors at high HR. If under high load
the pulse exceeds 150-170 beats — the blood flow velocity be-
comes too high. Moments of diastolic pressure (lower when
the heart relaxes) last a minimum of time and are almost not
reflected in capillary blood flow. As a result, the sensor is not
able to recognize these moments, resulting in a malfunction
of the device (Fedorov, 2008).

To increase the sensitivity of the optical sensor, the opti-
cal unit is designed to receive data on the blood spectrum and
changes in it under the influence of physical activity, which
allows for multi-parameter analysis of the spectral character-
istics of blood. The unit uses the VLMU1610-365-135 (Vish-
ay Semiconductors), VLMTG1400 and VSMS3700 LEDs. At
a time when the heart is contracting, the blood pressure rises,
it enters the blood vessels more actively, which means that it
absorbs more light. LEDs record this, and by calculating the
number of such bursts per minute, determine the HR.

In order to confirm the effectiveness of the created de-
vice, the study of the absorption coefficient of blood in the
ultraviolet and infrared spectral range. Since human blood
has a red color (that is, it best reflects the optical radiation
corresponding to red), for better accuracy it is necessary to
use another shade, which is well absorbed by it. This is green,
located on the spectral circle opposite to red, which means
that it is well absorbed by the blood (Fig. 2).

Based on the obtained results, the HR curves using the
spectral analysis realize the qualitative and quantitative char-
acteristics of the state of the cardiovascular system and the
HR response to physical activity in real time. The high accu-
racy of spectral analysis methods is achieved by an individual
approach to each individual spectrum of each subject.

Using the developed device, a method of monitoring the
functional state of the cardiovascular system, namely HR
monitoring, is proposed, at physical activity. The method is
to place an optical block with an optical sensor and LEDs

Fig. 2. Color circle by Johannes Iten

on the body of the subject (wrist). The opic sensor with the
help of an optocoupler records the intensity of the signals
that are formed during movement of the artery wall, which
arise under the influence of a wave of blood pressure at each
contraction of the heart. Information signals are output to
a synchronous detector and fed to the microcontroller. The
microcontroller is required to control the optical unit and
to measure the signal. Measured by the microcontroller sig-
nal, wireless infrared communication devices are provided to
the electronic computing device, where the results obtained
perform a multi-parameter analysis of the spectral charac-
teristics of the blood, which is judged on changes in HR and
functional state of the cardiovascular system in the process of
physical training. Displays monitoring results on LCDs using
developed software in numerical and graphical form.

To ensure the wireless communication of multiple op-
tical units and to transmit information to the electronic
computing device, they use a developed 16-channel multi-
channel radio modem. Its use provides the recording of the
results of HR monitoring of several persons at a time (Fig. 3).
Built-in function of viewing both channels and individually.
It is possible to specify the magnitude of both the amplitude
and time axes.

The operation of the device and the processes of HR
registration, accumulation and reading of measurement re-
sults are remotely via the Bluetooth interface between the
personal computer and the measuring device. For this pur-
pose specially developed software is used. Synchronization of
measurement processes is accomplished by real time counter.

’ A

i v e
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Fig. 3. Example of recording the heart rate of several
persons at a time

TM®B, 2021, Tom 21, N2 1



Koryahin, V., Mykytyuk, Z., Turchyn, Y., Blavt, O., Prystynskyi, V., & Stadnyk, V. (2021). Integration of Information Systems in the Control
of Heart Rate in the Process of Physical Education

The measurement results of the device obtained through the

Bluetooth interface are stored as a text file.

It implements the functions of recording, saving with
subsequent loading and visualization of the recording. There
is a choice of recording duration and a convenient overview
of the result. Presentation of control results and continuous
observations in the form of electronic protocol, allows to
significantly expand and enlarge the range of views, facilitate
search and interpretation of the obtained results over a long
time, preserve information and conveniently view the dy-
namics of the results of a particular subject.

Control procedure information requires processing and
analysis using quantitative methods that are used to process
large data sets. Therefore, we envisage the use of a modern
information complex of electronic computers in the structure
of the device, which will allow to obtain not only quantitative
values of individual parameters, which, when applied to the
study of the cardiovascular system, allows to solve a wide
range of diagnostic problems.

Summarizing the above, and taking into account the fact
that in assessing the possibilities of the proposed method of
HR registration, we consider several considerations, among
which the most important are the following:

o high accuracy of the obtained results for the assessment
of the condition of the monitoring subject;

o simplicity ofimplementation of all methodical techniques
for preparation of the monitoring subject by this method;

«  simplicity and availability of technical means for carrying
out research;

o availability of calculation algorithms according
to registration data and simplicity of biomedical
interpretation of results;

« the possibility of combining this method with others.
Positive characteristics that ensure the quality of real-

time HR monitoring procedures using the developed device
in addition to high technical parameters - high level of sensi-
tivity, wide dynamic range, harmonized frequency response,
linearity of conversion, note also non-invasiveness, security
in application, low energy consumption signal and transfor-
mations that do not affect or distort the control results.

The HR registration method of the proposed method
combines all the benefits of optical methods of registration.
By providing a high level of information, studies of one moni-
toring entity based on the analysis of heart rate records over
a long time are possible. This, in turn, allows the individual
components of the pulse curves to be monitored and digitized
or quantified, and by analogy with the rhythmic approach
to the dynamics of cardiac activity (Yankovenko, 2010), it
is possible to determine the effect of nervous and humoral
regulation on the contractile activity of the vascular system.

Discussion

The results of our study are consistent with a number of
scientific studies (Schmidt & Lee, 2013; Sartor et al., 2016; Oze-
mek et al., 2017) on the need to ensure the effectiveness of the
control of functional systems in the process of physical train-
ing, which is the basis for regulating the rationality of peda-
gogical effects to ensure the effectiveness of physical education.

We support scientific approaches to ways to optimize
controls in physical education using information systems
(Koryahin, Blavt, Vanivska, & Stadnyk, 2020; Vasconcelos,
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Damorim, Santos, Lima, Santos, Lima, & Damasceno, 2020).
Our research is consistent with reports (Aadahl & Jorgensen,
2003; Koryahin & Blavt, 2018) that the automation of the pro-
cess of obtaining and processing control information contrib-
utes to improving the speed of receipt, reliability and objectiv-
ity of information and its analysis in real time and significantly
reducing the time lost on the implementation of control.

The results of the study complement the data on the
control of the condition of the cardiovascular system in the
process of physical education (Faulkner et al., 2013; Nichols
etal., 2013).

Scientific ideas on real-time HR monitoring with the use
of modern information systems have been further developed
as an opportunity to significantly increase control efficiency.

Our study is consistent with a number of scientific find-
ings that the transition to a fundamentally new system of
quality assurance testing in physical education involves the
use of innovative tools of control and diagnostics to ensure
the reliability of results (Jrgensen et al., 2009; Oliver & Stem-
bridge, 2011).

Conclusions

At the present stage, the need for modernization of con-
trol procedures as an opportunity to improve the efficiency of
physical education has been actualized. According to the results
of the search activity, a device designed to monitor HR in real
time is presented. The efficiency of the created device in the
process of heart rate control was experimentally proved with the
use of spectral analysis, which realizes the qualitative and quan-
titative characteristics of the condition of the cardiovascular
system and the response of HR to physical activity in real time.

Using the developed device, a method of monitoring
the functional state of the cardiovascular system, namely the
control of HR during physical activity, is proposed. The use
of information systems in HR control ensures the accuracy
of the measurement information and the correspondence
between the degree of scientific reliability and practical value
of the obtained results. Equipping the process of HR control
with modern means, including the field of nanotechnology,
will undoubtedly contribute to ensuring a high level of con-
trol and, consequently, high efficiency of physical education.
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IHTEFPALIA IHOOPMALIAHNX CUCTEM Y KOHTPOJII YACTOTU
CEPLEBUX CKOPOYEHDb B NMPOLECI ®IBU4YHOIO BUXOBAHHA

Bixtop Kopsarin'**°?, 3inosiit Muknutiok'**“°, fIpuna Typuun
Oxkcana bnaB1'*?, Bonomumup IIpuctuncpknii***“P; Bonogumup CragHuk
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'HauionanbHuii yHiBepcuteT «/IbBiBCbKMIT ITOTiTeXHiKa»
*Jlep>xaBHMII BUILVIT HaBYA/IbHMIT 3aK/Iaf «[JoHOAChKMIT ep)KaBHUI IIefjarOriYHMIT YHIBepCUTET»

ABTOpCHKNMIT BKIAM: A — [U3aiiH KOCTiMKeHHs; B — 36ip ganux; C - crarananis; D - migrotoska pykomucy; E - 36ip xowTis

Pedepar. Crarrs: 8 ., 3 puc., 31 mKeperno.

Mera JoCTi>KeHH:A — O0IPYHTYBaHHA Ta peaisallis 3aco-
0y KOHTPOJIIO YaCTOTU CEepLieBUX CKOPOYEHb, PO3POOIEHOro Ha
OCHOBI 1HQOPMALIITHNX CUCTEM [Is1 3iNICHEHHs OllepaTUBHOI
peecTpalii cepiieBoro putmy npu GpisuuHOMY HaBaHTaXKEHHI.

Marepian ta merogu. JJocTipkeHHA BUKOHAHO Ha Teope-
TUYHOMY Ta eMIIipu4yHOMY PiBHAX. OCHOBOIO IOCTI/PKEHHA €
BUKOPUCTAHHA KOMIIIEKCY TEOPETUYHMX METOJiB: HAYKOBOTO
aHafisy, CUHTe3Yy, NOPiBHAHHA, CUCTeMaTu3allil, iHgyKLii Ta
nenykuii, ysaragbHeHH:A. Cepell METOZiB eMIipMYHOTO JOCIi-
IPKEHHA BMKOPMCTOBYBA/INCA: ONNC, EMIIipMYHEe IOPiBHAHHA,
TeXHiYHe MOJIe/NIoBaHHsA, cirMorpadiunmii MeTos peecTpanii
Iy/IbCOTPaMM.

PesynbraTn. 3a pesynbpraTamMy HOUIIYKOBOI [isITbHOCTI
IIpeNCTaBIeHO IPUCTPIil, IPU3HAYEHNUI 1711 KOHTPOJIIO 4acTO-
TU CepLEeBUX CKOPOYEHb Y PeXMMI peanbHOro yacy. OCHOBOIO
MIPUCTPOIO € CTBOPEHMIT ONITUYHIIT 6/T0K Ha OCHOBI OIITUIHOTO
HaT4yMKa. BUKOpUCTaHHA ONTMYHOrO 610Ky 3abesnedye pee-
CTPALil0 JMHAMIYHOrO BUMIiPIOBAaHHS YacCTOTHU CEPLEBUX CKO-
PpOUeHb, SIKMIT HOOYIO0BAHO TaK, {00 OTPUMYBATH JaHi CIEKTPY
KPOBi Ta 3MiHM y HbOMY. []/1 peecTpanii cepLieBoro putMy Bi-
KOPUCTAHO GararornapaMeTpUYHNUIT aHasI3 CeKTPaTbHUX Xa-

PaKTepUCTUK KPOBI, sKi 3MIHIOIOTbCA IIifl BIUIMBOM (isMYHMX
HaBaHTaXeHb. Ha 0CHOBI Takoro anasisy oTpuMyIOTbh AKiCHI Ta
KiJIbKICHI XapaKTepUCTUKYU CTAaHY CEpPLEBO-CYAMHHOI CUCTEMU
Ta iHpOopMalliio IPo peakiliio cepleBoro purMy Ha ¢isndHi Ha-
BaHTA)KEHH:A B PeXXUMI peanbHOro yacy. Jlo MO3UTUBHMX XapaK-
TEPUCTHK, SIKi 3a6€311eyI0Th SIKiCTh KOHTPOJIIO YaCTOTH Ceplie-
BMX CKOPOYEHb B PEXMMi PeasbHOrO 4acy 3 BUKOPUCTAHHAM
PO3po6/IEHOr0 MPUCTPOIO, KPiM BUCOKMX TEXHIUYHMX IapaMeT-
piB (BMCOKMII piBeHb Yy TAMBOCTI, IIMPOKMIT AUHAMIUHMIL fiia-
Ma30H, TApMOHi30BaHa YacTOTHA XapaKTePUCTUKA, JiHilIHICTh
[IepeTBOPEHHSI), Bifj3HAYEHO I HeiHBAa3MBHICTH, 6E3MEYHICTD y
3aCTOCYBaHHI, HU3bKY €HEPreTUKy OTPUMaHHA iHpopMariii-
HOTO CUTHAJTy Ta IEPETBOPEHHS, AKi He BIIMBAIOTh Ta HE CIIO-
TBOPIOIOTb PE3Y/IbTaTU KOHTPOJIIO.

BucHoBku. 3actocyBaHHs iHGOpMALifHUX CUCTEM Y
KOHTPOJII YaCTOTH CepLieBUX CKOPOYEHb 3abe3Iedye TOYHICTD
[OfaHHs BuMiproBanbHOI iHGOpMamil Ta BiAIOBifHICT MK
CTyIleHEM HAayKOBOI JOCTOBIPHOCTI /i MPAaKTMYHOI LIiHHOCTI
OTPUMAaHMX Pe3y/bTaTiB.

Kirouosi cnoBa: disuyHe BUXOBaHH:A, 4aCTOTA CEPLEBUX
CKOpOY€EHbD, ITy/IbCOrPaMa, MPUCTPIli, JATYNK, KOHTPOIb.
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Abstract

The purpose of the present study was to analyze the secular trends in anthropometric characteristics and health-
related physical fitness (i.e., flexibility, muscular strength and speed/agility) in Macedonian children between 2012 and

2019.

Materials and methods. We analyzed the secular trends in anthropometric characteristics and health-related physical
fitness in Macedonian children between 2012 and 2019. Two representative population studies were conducted 7 years
apart in children (6-10 years) from Skopje (Macedonia). Both studies used the same anthropometric measures and
tests to assess physical fitness: height, weight, body mass index, body fat percentage, muscle mass percentage, sit and
reach, handgrip strength, standing long jump, 30 sec sit ups, and 4 x 10 m shuttle run.

Result. The boys and girls measured in 2019 had significantly better performance in the sit and reach (Cohen’s d

~0.4 and ~0.5, respectively), 30 sec sit ups (Cohen’s d ~0.3 and ~0.2, respectively), and 4 x 10 m shuttle run (Cohen’s
d ~0.7 and ~0.8, respectively) tests compared to those measured in 2012-2013. Levels of the standing long jump were
significantly lower in 2019 in boys and girls (Cohen’s d ~0.6 for both).

Conclusions. Based on the results of the study, it can be concluded that Macedonian children measured in 2019 have
higher levels of flexibility, abdominal muscle strength and coordination, speed and agility, but lower levels of explosive
force of the lower limbs than their counterparts measured. 7 years ago, no statistically significant differences were
found in anthropometric measures and measures of body weight.

Keywords: fitness, muscular strength, youth, physical activity.

Introduction

Physical fitness is a powerful marker of childhood health
and adolescence (Myers et al., 2002; Andersen et al., 2006).
Even in children and adolescents, physical fitness is inverse-
ly related to critical physiological factors for occurrence of
chronic diseases, including high blood pressure (Sallis et al.,
1998; Ruiz et al., 2006), obesity (Ruiz et al., 2006), hyperin-
sulinemia (Gutin et al., 2004), increased abdominal adiposity
(Brunet et al., 2006), atherogenic lipid profile (Mesa et al.,
2006) insulin resistance, inflammatory markers (Gulati et al.,
2003), and other metabolic risk factors (Brage et al., 2004;
Ruiz et al., 2007).

© Elezi, A., Elezi, G., Gontarey, S., Georgiev, G., 2021.
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Several meta-analyzes have shown a decrease in cardi-
orespiratory fitness in recent years and a stabilization of mus-
cle strength (Macfarlane & Tomkinson, 2007; Tomkinson &
Olds, 2007a; Tomkinson, 2007; Olds et al., 2006; Tomkinson
& Olds, 2007b; Tomkinson et al., 2007). Available original
reports around the world show different trends depending on
the geographic region. To our knowledge, there is no infor-
mation available regarding the secular trends in physical fit-
ness in Macedonian children. Developing appropriate public
health strategies requires regular analysis of the evolution of
fitness, especially among young people.

The purpose of the present study was to analyze the secu-
lar trends in anthropometric characteristics and health-related
physical fitness (i.e., flexibility, muscular strength and speed/
agility) in Macedonian children between 2012 and 2019.
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Materials and methods

Sample of respondents

In this study we considered data from two separate cross-
sectional studies, both representative from the city of Skopje
(Macedonia). The research was conducted in seventeen pri-
mary schools in the City of Skopje situated in different mu-
nicipalities. Five classes were randomly selected from each
school. Both the first and second measurements were con-
ducted in the same schools. In 2012 the survey was conduct-
ed on a sample of 2269 respondents out of which 1110 boys
and 1159 girls with an average age of 8.58 + 1.34 years. In
2019 the survey was conducted on a sample of 2028 respond-
ents of which 1018 boys and 1010 girls with an average age of
8,58 + 1,33 years.

The study included students for whom their parents had
given consent to take part in the research, who were psychically
and physically healthy and who regularly attended the classes
of physical and health education. Both studies were performed
following the ethical guidelines of the Declaration of Helsinki
1961 (revision of Edinburgh 2000). Measurements were re-
alized in March, April and May 2012 and 2019, in standard
school conditions at regular classes of physical and health edu-
cation. The measurement was realized by experts from the area
of kinesiology and medicine, previously trained to perform
functional tests and to take anthropometric measures.

Anthropometric measures and body composition

Measuring of the anthropometric measurements was re-
alized at the recommendations given by IBP-International
Biology Program (Lohman et al., 1988). For estimation of the
morphologic characteristics the following anthropometric
measures have been applied: body height in standing position
(cm), body weight (kg), as well as the body mass index (BMI).

Components of the body composition have been deter-
mined by the method of bioelectrical impedance (measuring
of the electric conductivity - Bioelectrical Impedance Analy-
sis — BIA). The measuring was realized by a Body Composi-
tion Monitor, model “OMRON - BF511% by means of which
we have measured the body weight, fat tissue percent and
muscular mass percent. Prior to commencing the measure-
ment, we entered the parameters of gender, years and body
height of the respondent in the Body Composition Monitor.
In order to provide better precision of the results obtained
from the estimation of the body composition, prior to each
measuring, we ensured that the preconditions recommended
by ACSM (2005) and Heyward (2006) had been fulfilled.

Evaluation of Physical Fitness

Prior to starting the study, the researchers involved in
the project undertook training sessions in order to guarantee
the standardization, validation, and reliability of the meas-
urements. Five tests, forming part of the EUROFIT battery,
validated and standardized by the European Council, were
applied in the following order:

Sit and Reach test. With the subject seated on the floor
and using a standardized support, the maximum distance
reached with the tip of the fingers by forward flexion of the
trunk is measured. Test indicative of amplitude of movement
or flexibility.
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Hand Grip test. With the use of a digital Takei TKK 5101
dynamometer (range, 1-100 kg), the maximum grip strength
was measured for both hands.

Standing broad jump test. The maximum horizontal dis-
tance attained, with feet together, was measured. This test
evaluates lower limb explosive-strength.

Sit-ups 30 sec. Maximum number of sit ups achieved in
30 seconds. This test measures the endurance of the abdomi-
nal muscles

Shuttle run: 4 x 10 meters. This test provides an integral
evaluation of the speed of movement, agility and coordina-
tion. The subject does four shuttle runs as fast as possible be-
tween 2 lines, 10 meters apart. At each end the subject places
or picks up an object (a sponge) beside the line on the floor.

Definition of weight status

Three weight status groups were established in this study:
underweight/normal weight, overweight and obesity. Partici-
pants were categorized according to the international gender
and age-specific BMI (kg/m?) cut-off points (Cole et al., 2000,
2007). These points have been particularly established for
children and adolescents aged from 2-18 years, separately for
males and females and for 0.5 year age groups. These cutoft
values are based on percentiles passing at age 18 through BMI
18.5 kg/m? for underweight, 25 kg/m? for overweight and
30 kg/m? for obesity (Cole et al., 2000, 2007).

Statistical analysis

The data are presented as frequencies (percentage) for
categorical variables and mean (SD) for continuous variables.
Gender differences for each measurement point were assessed
by one-way analysis of variance (ANOVA). Categorical data
(weight status) were analyzed using the x? - test. Mean differ-
ences of the secular trends in health-related physical fitness
performances (i.e., height, weight body mass index, body fat
percentage, muscle mass percentage, sit and reach, handgrip
strength, standing long jump, 30 sec sit ups and 4 x 10 m
shuttle run) between measurement points were analyzed
by one-way analysis of covariance (ANCOVA) for boys and
girls separately. The measurement point was entered as fixed
factor, each fitness test was entered as dependent variable
in separate models, and age were entered as covariates. We
calculated the effect size statistics as Cohen’s d (standardized
mean differences) and 95% confidence interval. Values of Co-
hen’sd ~0.2, ~0.5 and ~0.8 are considered small, medium and
large effects, respectively. All the analyses were performed us-
ing the Statistical Package for Social Sciences software (SPSS,
v. 22.0 for Windows; SPSS Inc., Chicago, IL, USA), and values
of p < 0.05 were considered statistically significant.

Results

The characteristics of the study population by measure-
ment point (2012 and 2019) and gender are shown in Table 1.
The table shows that boys in 2012 and 2019 are heavier, have
higher body mass index, higher percentage of fat tissue and
higher muscle mass, and show better results in all physical
assessment tests related to health, except in the deep-seated
bend test in which girls show better results.

Table 2 shows the mean of physical fitness tests by gender
in both measurement points after controlling for age. The
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Table 1. The characteristics of the study population by measurement point (2012 and 2019) and gender

Years 2012 Years 2019
Indicator Boys Girls Boys Girls
Mean SD Mean SD Mean SD Mean SD P
Height (cm) 134.04 9.92 132.72 9.94 0.002 133.09 9.83 132.39 10.22 0.118
Weight (kg) 34.65 10.44 32.72 9.80 0.000 3398 10.63 3241 9.54 0.001
Body mass index (kg/m?) 19.00 3.62 18.29 349 0.000 19.04 4.16 18.35 3.33 0.000
Body fat (%) 24.09 7.56 22.54 8.41 0.000 23.99 8.16 22.80 8.23 0.002
Muscle mass (%) 30.44 3.51 29.82 2.64 0.000 30.32 3.27 29.83 2.72 0.000
Sit and reach (cm) 12.58 5.63 14.49 5.84 0.000 14.74 6.06 17.68 6.46 0.000
Handgrip strength (kg) 14.15 391 1232 3.52  0.000 13.77 4.82 1251 4.57 0.000
Standing long jump (cm) 122.93 22.98 110.35 1991 0.000 101.98 4241 89.65 39.69 0.000
30 sec sit ups (n) 11.95 565 10.24 579 0.000 13.49 5,60 11.20 5.76 0.000
4 x 10 m shuttle run (s) 16.17 1.80 17.28 1.71  0.000 14.97 2.13  15.79 2.01 0.000
Table 2. Performance in physical fitness tests by measurement point and gender
Fitness tests o Ye;;:::IZ D o Ye;;‘:::w ) P Cohen’s d 95% CI
Height (cm) 1110 133.59 9.921018 133.61 9.84 0.944 0.00 -0.585 to 0.604
Weight (kg) 1110 34.31 10.44 1018 34.38 10.63 0.850  -0.01 -0.621 to 0.647
Body mass index (kg/m?) 1108 18.96 3.62 1009 19.11 4.16 0.363 -0.04 -0.255t0 0.226
Body fat (%) 1108 24.08 7.56 1009 24.06 8.14 0.954 0.00 -0.449 to 0.521
Boys Muscle mass (%) 1108 30.35 3.51 1009 30.43 3.27 0.482 -0.02 -0.234t0 0.183
Sit and reach (cm) 1084 12.64 5.63 1013 14.67 6.05 0.000 -0.35 -0.682 to 0.030
Handgrip strength (kg) 1105 14.03 3.911017 14.23 11.72 0.581 -0.02 -0.254 to 0.697
Standing long jump (cm) 1095 122.23 22.98 1013 102.71 42.48 0.000 0.58 -0.783 to 3.194
30 sec sit ups (n) 1112 11.81 5.66 1021 13.58 5.65 0.000 -0.31 -0.646 to 0.033
4 x 10 m shuttle run (s)* 1095 16.23 1.80 1012 14.88 2.23 0.000 0.67 -0.564 to 0.808
Height (cm) 1159 132.53 9.94 1010 132.67 10.20 0.626  -0.01 -0.587 t0 0.618
Weight (kg) 1159 32.58 9.80 1010 32.62 9.53 0.921 0.00 -0.568 to 0.586
Body mass index (kg/m?) 1154 18.28 3.49 1000 18.37 3.33 0.560 -0.03 -0.228 t0 0.188
Body fat (%) 1154 22.53 8.41 1000 22.85 8.22 0.389 -0.04 -0.527 t0 0.489
Girls Muscle mass (%) 1154 29.80 2.64 1000 29.85 2.72 0.618 -0.02 -0.172 t0 0.156
Sit and reach (cm) 1152 14.51 5.84 1001 17.64 6.46 0.000 -0.51 -0.847 to 0.109
Handgrip strength (kg) 1155 12.26 3.52 1004 12.60 4.57 0.018 -0.08 -0.288 t0 0.198
Standing long jump (cm) 1153 110.08 19.91 1004 89.79 39.82 0.000 0.66 -0.490 to 3.122
30 sec sit ups (n) 1158 10.19 5.79 1003 11.23 578 0.000 -0.18 -0.513t00.178
4 x 10 m shuttle run (s)* 1140 17.30 1.71 1001 15.77 2.07 0.000 0.81 -0.712 t0 0.940

Values are adjusted means + standard deviation. p values from one-way analysis of covariance after controlling for age.
* In this test, lower scores (time in s) indicate better performance.

boys and girls measured in 2019 had significantly better per-
formance in the sit and reach (Cohen’s d ~0.4 and ~0.5, respec-
tively), 30 sec sit ups (Cohens d ~0.3 and ~0.2, respectively),
and 4 x 10 m shuttle run (Cohen’s d ~0.7 and ~0.8, respec-
tively) tests compared to those measured in 2012-2013. Levels
of the standing long jump were significantly lower in 2019 in
boys and girls (Cohen’s d ~0.6 for both). Statistical differences
between the two sexes were not found in the anthropometric
measures of height, weight and body mass index and in the
measurements for assesment of body composition, body fat
percentage and muscle mass percentage. We repeated all the
analyses after further controlling for fat mass, fat free mass and
the results did not materially change (data not shown).
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Table 3, 4 shows the change in the percentage of boys and
girls in this study who were classified as normal, overweight
and obese between 2012 and 2019. The analisys of table 3 and
the overview of x* test indicate that there are no statistically
significant differences in boys and girls in nutrition levels
between 2012 and 2019.

Discussion

The results of this study showed that Macedonian chil-
dren in 2019 have higher levels of flexibility, abdominal mus-
cles strength, coordination, speed and agility, and lower levels
of explosive force on the lower limb than their counterparts

TM®B, 2021, Tom 21, Ne 1
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Table 3. The proportion of boys classified as normal,
overweight or obese using the Cole et al cut-offs

BMI classification Years 2012 Years 2019
n % n %
Normal weight* 627 56.60% 597  59.20%
Overweight 281 25.40% 226 22.40%
Obese 200 18.10% 186  18.40% ns

*Difference between measurement point (Chi-Square Tests); ns,
non-significant.

Table 4. The proportion of girls classified as normal,
overweight or obese using the Cole et al cut-offs

BMI classification Years 20 12 Years 2019
n % n %
Normal weight* 701 60.70% 604  60.40%
Overweight 272 23.60% 256 25.60%
Obese 181 15.70% 140  14.00% ns

*Difference between measurement point (Chi-Square Tests); ns,
non-significant.

7 years ago. The percentage of overweight and obese children
classified on the basis of the BMI criterion in 2012 was 41%,
while in 2019 it was 40%. Similar results for overweight and
obesity have been obtained in several international studies
(Jehn et al., 2006; Ortega et al., 2007; Al-Nakeeb et al., 2007;
Ostojic et al., 2011). Over 20% of the respondents in both
2012 and 2019 have a body fat percentage greater than 30%.
Such a high percentage of body fat is associated with an in-
creased risk of acute and chronic diseases especially osteo-
arthritis, hypertension, diabetes mellitus and cardiovascular
disease, which can lead to poorer quality of life and increased
financial burden of the individual, the family and the soci-
ety, as well as shorten life expectancy (Williams et al., 1992;
Dugan, 2008).

Several meta-analyzes describe global changes in com-
ponents of physical fitness related to health (Tomkinson &
Olds, 2007; Tomkinson, 2007). Studies covering 27 coun-
tries and five geographic regions have shown a decrease in
cardio-respiratory fitness from late 1970 to 2003, (Tomkin-
son & Olds, 2007) whereas performance at power and speed
tests remained fairly stable from 1980s. (Tomkinson, 2007).
Other meta-analyzes performed on large samples yielded
similar results (Macfarlane & Tomkinson, 2007), but they
were mainly focused on exploring cardio-respiratory fitness
(Olds et al., 2006; Tomkinson & Olds, 2007; Tomkinson et al.,
2007). Macfarlane and Tomkinson (2007) analyzed the secu-
lar changes in strength, speed and cardiovascular fitness tests
in 23.5 million Asian children aged 6 to 19 years between
1917 and 2003 and found a steady decline in cardio-respira-
tory fitness over the last 10-15 years, and a global stabilization
in power and speed. Tomkinson and Olds (2007) analyzed 46
studies and identified changes in cardio-respiratory fitness in
161,419 Australian children aged 6 to 17 years from 1961 to
2002 and found a marked decline in the youngest children
and boys until about 1990 that appears to be slowing. Tom-
kinson et al. (2007) analyzed aerobic performance data of
over 22 million Koreans (6-18 years) between 1968 and 2000
and found a significant decrease in the years after 1984.

The rich history of pediatric fitness testing all around the
world shows many original reports about secular trends in
adolescent health-related physical fitness in peer-reviewed
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scientific journals, especially focused on cardiorespiratory
fitness. Analyzes of other health-related components such as
muscle strength, speed, or agility show uneven trends across
geographic regions (Matton et al., 2007; Albon et al., 2010;
Jurimae, et al., 2007; Tomkinson et al., 2003). Matton et al.
(2007) conducted a representative sample of Flemish ado-
lescents aged 12 to 18 between 1969 and 2005 and found a
decrease in bent arm hang and 10 x 5 m shuttle run results
in girls, and an improvement in the results of the boys in
10 x 5 m shuttle run. Albon et al. (2010) analysed changes
in New Zealand children between 1991 and 2003 and did
not find significant differences in the 4 x 9 m shuttle run and
the standing long jump tests. Jiirimée et al. (2007) analysed
secular trends of Estonian and Lithuanian children and ado-
lescents in 1992 and 2002. Lithuania’s respondents reported
a decrease in test scores bent arm hang, standing long jump
and 20 m shuttle run, whereas in the Estonian respondents
only a decrease in the results of the bent arm hang tests was
found. Test results in 10 x 5m shuttle run in Lithuanians and
standing long jump, 10 x 5 m and 20 m shuttle run tests in Es-
tonians remained unchanged. Tomkinson et al. (2003) inves-
tigated the fitness trends of 18,631 South Australian students
(12-15 years) between 1995 and 2000 and found a statistically
significant decrease in the 20 m shuttle run and 40 m sprint
test results, but found no statistically significant changes in
the vertical jump tests. Moliner-Urdiales et al. (2010) re-
searched the secular trends in health-related physical fitness
in Spanish adolescents between 2001-2002 and 2006-2007.
Both studies used the same tests to assess physical fitness:
the handgrip strength, bent arm hang, standing broad jump,
4 x 10 m shuttle run and 20 m shuttle run tests. The results in-
dicate that levels of both speed/agility and cardiorespiratory
fitness were higher in 2006-2007 than in 2001-2002, whereas
muscular strength components were lower in 2006-2007.

Although there is consistency in the secular trends iden-
tified in other studies conducted on the population of chil-
dren and adolescents, our results do not fully coincide with
the above studies. The increase in flexibility, strength of ab-
dominal muscles, coordination, speed and agility while the
decrease in lower body muscularity, discard theories related
to the increases of fat mass over the reported changes in phys-
ical fitness components. And the results of this study disprove
this theory, namely that anthropometric measures and body
composition measures (fat percentage and muscle mass) did
not detect statistically significant differences between the two
sexes in 2012 and 2019. According to the model established
by Tomkinson (Tomkinson & Olds, 2007; Tomkinson, 2007)
we agree in that the reported secular trends in physical fit-
ness are caused by a network of social, behavioral, physical,
psychosocial and physiological factors.

Despite the lack of information on secular trends in oth-
er populations in recent years, which confirms our findings,
the results obtained in this study can be attributed to vari-
ous factors. The popularity of the more holistic approach to
physical activity and exercise over the last decade has seen an
increase in activities that have an emphasis on core strength,
stability and flexibility (Chang, 2000). These exercises find
their way into the physical education curriculum (Kloubec
& Banks, 2004) and may affect children in this study. Other
factors such as a change in the ergonomics of the schools’
seats cannot be discounted, and further research is required
to uncover the causes of this positive trend.
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The major strength of the present study is the use of iden-
tical protocols, sampling methods and sampling frames in
two representative cohorts of children from Skopje (Macedo-
nia), as well as the application of valid, reliable and objective
fitness tests to assess health-related fitness, and the recent
measurement data (2019). It is important to consider when
interpreting the findings from the present study that only two
dataset including children from Skopje (Macedonia), were
used over a 7 years period.

Conclusions

Based on the results of the study it can be concluded
that the Macedonian children measured in 2012-2019 have
higher levels of flexibility, abdominal muscle strength and
coordination, speed and agility, and lower levels of explosive
force on the lower limb than their counterparts measured
7 years ago. In order to guarantee healthy levels of physical
fitness, Macedonian public health programs should promote
physical activity among chidren, especially focussed on mus-
cular strength which was seen to decrease and measures for
decrease in obeasety among this group of the population.
Schools may play a key role, and parents also have a great
responsibility to encourage and support active living of their
off spring.
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BIKOBI TEHAEHLIT B AHTPOMOMETPUYHUX
XAPAKTEPUCTUKAX TA ®I3UYHIA NIATOTOBNEHOCTI
Y MAKEJOHCbKUX QITEA: AOCNIAXKEHHA MAKOITA

Aomynna Enesi'AB“PE, Tpeca Enesi* Pk, Ceppoka [ontapes***“PE, Teopriit Ieopries*BCcPE

"Vuisepcurer B [Ipumruni
*AMepukaHcbKa mikapHs, [Ipumtiaa
*Kupnno-MedopiiBcbknit yHiBepcuteT B CKOIT'€

ABTOpCHKNMIT BKIAJ;: A — nu3aiiH gocnipkenns; B — 36ip ganux; C - cratananis; D - migroroska pykomucy; E - 36ip komris

Pedepar. Crartsi: 7 ., 4 Tab1., 34 mKepera.

Merta gocnifKeHHA — IpoaHasli3yBaTy BiKOBi TeH/leHIIii B
AHTPOIIOMETPUYHNX XapaKTepUCTUKAX Ta (PisUUHIN MifroToB-
JIEHOCTi Yy MaKeJOHChKMX fiTeit Mk 2012 Ta 2019 poxkamu.

Marepianu ta merogu. [IpoananisoBani Bikosi TeneHIii
B QHTPOIIOMETPUYHIX XapaKTepUCTUKAX Ta (Pi3MyHiil mifro-
TOBJIEHOCTI, TTOB’sI3aHill 3i 3M0POB’sIM, Y MaKeOHCbKNUX AiTell
Mmix 2012 ta 2019 pp. [IposeneHo Ba penpeseHTaTUBHI JOCIi-
IPKeHHS TIOIYIALIl 3 pisHuUIIeI0 y 7 pOKiB y fiTelt (6-10 pokis) i3
Ckorr'e (Makepnosist). B 060X JOCTII>KEHHIX BUKOPUCTOBYBAIN
OJJHAKOBi aHTPOIIOMETPUYHi BUMipIOBaHH:A Ta TECTU JJIA OLiH-
K1 i3MYHOI MifTOTOBIEHOCTI: 3picT, Maca Tila, iHfgeKC Macu
Tina, BifICOTOK XUPY B Ti/i, BiICOTOK M s130BOi Macy, HaXuUI
Tyny6a 3 ITOTOXKEHHST CUASYN, CUIA KVCTI, CTPUOKY Y OBXIHY
3 micus, 30-CeKyH/HI IPUCITaHHA Ta YOBHUKOBMII 6ir 4 X 10 M.

PesynpraTtm. Xnomuuku ta giByarka, gani 2019 poxy, mamm
3HAYHO Kpall[i TOKa3HMKM B TECTAX HaXWI TY/Iy0a 3 IOIOKeHH

cupsaun (d ~0.4 i ~0.5 KoeHna BinmoBifHo), 30-cekyHAHI npu-
cimannsa (d ~0.3 i ~0.2 KoeHa BifgoBigHO) i YOBHMKOBMII 6ir
4 x 10 M (tectu Koena d ~0,7 Ta ~0,8 BifIOBiZHO) TOPIBHIHO
3 pesynbraramu TectyBaHHs 2012-2013 pp. ¥V crpubkax y fo-
B)XXIHY 3 MicIIsl pe3y/nbTaTu Oy 3Ha4HO HiDKuuMy y 2019 poui
y xommuukiB ta fiBgarok (d Koena ~0,6 st 060x rpym).

BucnoBku. MakefoHcpKi fiitn y 2019 polii, MaloTb BUIINI
PpiBeHb IHYYKOCTIi, CM/IM Ta KOOPAMHAIil, HIBUKOCTI Ta CIIPUT-
HOCTI, ajie HYDK4YMil piBeHb BUOYXOBOI CH/IM HVDKHIX KiHIIBOK,
HDK IXHI OfHOMITKYM 7 pokiB noromy. CTaTUCTUYHO 3HAYYIUX
BiIMiHHOCTEl B aHTPOIIOMETPUYHMX BMMipaX Ta IIOKa3HUKaX
MacH Tijla He BUABJIEHO.

Kmrouosi cnoBa: dirnec, M’s130Ba cmia, fitu, ¢disudna
AKTUBHICTb.

Information about the authors:

Elezi A.: abdulla.elezi@uni-pr.edu; https://orcid.org/0000-0003-0225-7494; Faculty of Physical Education and Sport, University of

Pristina, Kosovo; Industrial Zone, Pristina, 10000, Kosovo.

Elezi G.: gresaelezi@hotmail.com; https://orcid.org/0000-0002-1937-4294; American Hospital, Industrial Zone, Pristina, 10000,

Kosovo.

Gontarev S.: gontarevserjozal@gmail.com; https://orcid.org/0000-0001-5873-2974; Faculty of Physical Education, Sport, and
Health, Ss. Cyril and Methodius University of Skopje, Dimce Mirceyv, 3, Skopje, 1000, Republic of North Macedonia.

Georgiev G.: georgigeorgiev63@yahoo.com; https://orcid.org/0000-0002-1748-9477; Faculty of Physical Education, Sport and
Health, Ss. Cyril and Methodius University of Skopje, Dimce Mirceyv, 3, Skopje, 1000, Republic of North Macedonia.

Cite this article as: Elezi, A., Elezi, G., Gontarev, S., & Georgiev, G. (2020). Secular Trends in Anthropometric Characteristics and
Health-Related Physical Fitness in Macedonian Children: the Makfit Studies. Teorid ta Metodika Fizi¢nogo Vihovannd, 21(1), 12-

18. https://doi.org/10.17309/tmfv.2021.1.02

Received: 03.10.2020. Accepted: 20.03.2021. Published: 25.03.2021

This work is licensed under a Creative Commons Attribution 4.0 International License

(http://creativecommons.org/licenses/by/4.0).

TM®B, 2021, Tom 21, Ne 1



Apriantono, T., Bahri, S., Ihsani Indah, Sri, & Bagus, W. (2021). Physiological and Competitive Characteristics of Professional Female
Futsal Players. Teorida ta Metodika Fizi¢cnogo Vihovannd, 21(1), 19-25. https://doi.org/10.17309/tmfv.2021.1.03

ISSN 1993-7989 (print). ISSN 1993-7997 (online)

ORIGINAL SCIENTIFIC ARTICLE

PHYSIOLOGICAL AND COMPETITIVE CHARACTERISTICS
OF PROFESSIONAL FEMALE FUTSAL PLAYERS

Tommy Apriantono'**¢, Samsul Bahri'®¢, Sri Ihsani Indah'®¢, Winata Bagus

'Institut Teknologi Bandung

1DE

Authors’ Contribution: A - Study design; B - Data collection; C - Statistical analysis; D - Manuscript Preparation; E - Funds Collection

Corresponding Author: Tommy Apriantono, E-mail: tommy@fa.itb.ac.id

Accepted for Publication: March 20, 2021
Published: March 25, 2021

DOI: 10.17309/tmfv.2021.1.03

Abstract

The study purpose was to examine the anaerobic and aerobic performance and also determine the influence of the
anaerobic performance on specific movements during a match-play.

Materials and methods. A total of 12 Indonesian professional female players from Bandung district female futsal club
were recruited and enrolled to participate in this study. They were required to complete one familiarization and two
experimental sessions. During the first session (laboratory test), all players performed a treadmill test to ascertain their
maximum rate of oxygen consumption (VO, max) and a running-based anaerobic sprint test (RAST) to measure their
anaerobic performance. For the second session (on-court test), the participants played a simulated match on the court.
A training team of 5 experts carried out an investigation regarding each player’s competitive performance per match.
Furthermore, the blood lactate concentration and Rate of Perceived Exertion (RPE) were assessed in the pre- and post-
test for both sessions, which were separated by a week to enable the players to recover.

Results. The results showed that there was no significant difference between the mean power (MP) and fatigue index
(FI) (p = 0.425, p = 0.938, respectively) for anaerobic performance using Analysis of Variance (ANOVA), although,

the MP and FI of team C was lower compared to A and B. Furthermore, the total number of failed passes and shot off
target of team C was larger compared to B and A (for failed passes = 30 vs 20 vs 25, for shot off target 14 vs 13 vs 8).
Conclusions. The results obtained indicate that there are strong associations between anaerobic capacity and explosive
movements (shooting, tackling, heading and passing) among female futsal players.

Keywords: anaerobic performance, sprint test, shooting, team sports, technique, VO, max.

Introduction

As a country consisting of 268,074,600 inhabitants, In-
donesia is one of the countries that have improved in futsal
enthusiasm (Chandra, 2013). According to the world’s trend,
its popularity increases each year and is played by millions of
either gender worldwide (Beato, Coratella, Schena, & Hul-
ton, 2017). The match is played between two teams, with
each consisting of one goalkeeper and four outfield players
(winger, defender and pivot) (Ayala, Sainz de Baranda, De
Ste Croix, & Santonja, 2011). Furthermore, it is played for two
periods of 20 minutes and mainly indoor, with pitch dimen-
sions of 25-42 m long and 1525 m wide (Farhani et al., 2019).
Interestingly, the game usually lasts 70-80% longer than the
scheduled 40 minutes, due to possibilities given by the rules
such as stoppages for injuries, medical attention, time-outs
from both teams etc. (CF et al., 2011).

©  Apriantono, T., Bahri, S., Thsani Indah, Sri, Bagus, W., 2021.
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Many studies are enthusiastic to investigate the physi-
ological characteristic of futsal due to its increasing popular-
ity (Barbero-Alvarez, Soto, Barbero-Alvarez, & Granda-Vera,
2008; Barbero-Alvarez et al., 2015; Naser, Ali, & Macadam,
2017). For example, Barbero-Alvarez et al. (2015) explained
that it is an intermittent high-intensity strenuous sport which
requires physical, technical and tactical exigencies on the
players. In addition, previous studies observed that 85-90%
of heart rate (HRmax) and 75% of VO, max are the average
intensity characteristics needed during a match-play (Naser
etal, 2017). Another study also observed that sprinting per-
formance is a decisive factor, which is needed in intermittent
high-intensity characteristics sports such as futsal (Barbero-
Alvarez et al., 2008; Naser et al., 2017). This argument was
arisen due to the fact that players spend 5 and 12% of the
game time sprinting and performing high-intensity running
(Sales et al., 2018).

During a futsal match, anaerobic processes play the
biggest role in supplying energy, especially in the explo-
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sive movements such as ball kicking, tackling, heading and
sprinting (Corréa et al., 2016). Meanwhile, the aerobic system
predominantly provides the energy needed for continuous
alternation of high intensity during the match-play (Cast-
agna, D’Ottavio, Vera, & Alvarez, 2009). Therefore, the game
requires a high aerobic fitness along with well-developed an-
aerobic pathways (Astagna, 2010; Corréa et al., 2016). Al-
though, previous studies successfully revealed the its physi-
ological characteristics, scientific knowledge regarding the
physiological characteristics of female futsal players is rather
limited. Furthermore, studies investigating the influence of
anaerobic processes on the performance of players during
match-play are scarce.

This study was carried out with interest in a few previ-
ous studies which observed the physiological characteristics
of female futsal players (Beato et al., 2017; Lago-Fuentes et
al., 2018; Ramos-Campo, Rubio-Arias, Carrasco-Poyatos, &
Alcaraz, 2016). For example, Beato et al. (2017) reported that
there was a decrease in performance in the second half com-
pared to the first. Specifically, it was explained that there was
a significant decrease in the total distance covered between
the first and the second half. Although, these studies showed
great discoveries for the decreased performance caused by
low aerobic fitness among female futsal players, measure-
ment of other performance analysis like shooting, tackling,
heading and passing were lacking. Consequently, the effects
of anaerobic processes on the performance of players during
match-play remain unclear.

The study purpose was to examine the anaerobic and
aerobic performance of Indonesian professional female fut-
sal players and secondly, to determine the influence of the
anaerobic process on specific movements such as shooting,
tackling, heading and passing in the match-play. It was hy-
pothesized that a low anaerobic performance among players
would significantly decrease their performance in shooting,
tackling, heading and passing. Furthermore, the discoveries
of this study may be added to the scientific study that sup-
ports the use of physiological characteristics as a formula to
determine training regimens used by coaches, sports scien-
tists and female futsal players.

Materials and methods

Study participants

Twelve Indonesian professional female players from
Bandung district female futsal club were recruited and en-
rolled to participate in this study. This was on the basis of
the following criteria: they should have at least 5 years of
experience in the game, involved in training of at least 8-10
sessions per week for approximately 60 minutes duration
per session, participated in national and international female
futsal tournaments. Participants on any anti-inflammatory
or anti-oxidant drugs within 2 months prior to the initial
testing or during the experimental period and had a history
of musculoskeletal injury 3 months prior to the study began,
were not included. Subsequently, the participants were clas-
sified based on their level of achievement. The Bandung dis-
trict female futsal club has reached the runner up position in
the National District Female Futsal Championship (PORDA
West Java 2018). Therefore, they were classified as profes-
sional players. The study was carried out from 2-30 January

20

2019, which was two weeks after the PORDA West Java 2018
Championship and two months prior to West Java District
Female National League 2019. All members of the commit-
tee were required to provide an explanation of the procedure,
the risks that would later be faced and an informed consent.
In addition, this study was approved by the ethics committee
of the POLTEKKES Bandung and all procedures were in ac-
cordance with the Declaration of Helsinki. The anthropomet-
ric characteristics of the subjects are shown in Table 1.

Table 1. Anthropometric characteristics of three teams

Variables Team A Team B Team C
x+SD x+SD x+SD
Age (years) 19.2 £ 0.50 18.7 £ 0.50 19.2 £ 0.96
Body mass (kg) 52.63 £ 1.86 55.83 +£3.44 5490+3.70
Height (cm) 156.3 £4.35 158.8 £2.63 159.3 £6.60
BMI (kg/m2) 21.57 £0.91 21.13+£0.74 21.64+0.53

BMI - body mass index, SD - standard deviation

Study organization

This was an observational study which required all par-
ticipants to complete one familiarization session and two
experimental sessions. During the first session (laboratory
test), all players performed a treadmill test for VO, max and
the running-based anaerobic sprint test (RAST) for meas-
uring anaerobic performance. Both tests were separated by
an interval of at least 3 days for recovery. For the second
session (on-court test), the participants played a simulated
match on court, according to the current rules of Fédération
Internationale de Football Association (FIFA) (https://www.
fifa.com/mensyoutholympic/news/the-rules-of-futsal-ex-
plained). Furthermore, the blood lactate concentration and
RPE were assessed in the pre and post-test in both sessions
which was separated by a week for recovery. Participants
were allowed and encouraged to drink enough mineral water
ad libitum in other to remain hydrated after the last task in
each session. In this study, the players considered for analysis
were those at the defender (n = 3), left-winger (n = 3), right-
winger (n = 3) and pivot (n = 3) positions, excluding goal-
keepers (n = 3). The research design is illustrated in Figure 1.

Laboratory test On-court test

&

&y

Three days separated A week separated

Fig. 1. The research designs: F = familiarization session,
T, = Anthropometry assessments, T, = VO, max test, T; = RAST
test, T, = Match exhibition

Laboratory

A week after a familiarization session, laboratory as-
sessments were carried out on participants. Before the com-
mencement of the test, they were instructed to take a light
dinner (before 9:00 p.m.) a day before and not to eat food or
drink caffeine beverages on the test day. For the first laborato-
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ry measurements, anthropometric characteristics were meas-
ured using the Omron HBF-375 Karada Scan Body Compo-
sition Scale, which assess the percentage of body weight and
fat of all participants. The stadiometer with 0.1cm readability
(Seca 214 Portable Stadiometer, Cardinal Health, Ohio, USA)
was used to measure body height. Furthermore, Body mass
index was calculated as the ratio of body mass (kilograms), to
the square of body height (metres).

After the anthropometric measurements, a 100uL sam-
ple of fingertip capillary blood was obtained from each player
to measure for lactate, using the Lactate Pro analyzer (Arkray,
Shiga, Japan). An hour prior to VO, max testing, all partici-
pants completed the Electro Cardio Graph (ECG) to monitor
their cardiac normalities. After receiving health declaration
based on ECG assessments, they continued with the VO, max
assessments. Prior to VO, max test, they were required to per-
form warm-ups (6 min jog at 6.8 km-h'). The VO, max test
began at approximately 10:00 a.m indoors with a tempera-
ture range between 23-25 °C and relative humidity 65-75%.
A treadmill cardio pulmonary exercise test Quark CPET T170,
was used to measure th VO, max of each participant, with a
velocity dependent ramp test (INCS) incremental protocols, at
constant inclination (0°) and increasing speed (0.5 km-h ™ every
30 s from the initial 12.0 km-h'). VO, max is defined as the
plateau attained from by the relationship between VO, and
running speed therefore, participants were verbally encour-
aged until volitional exhaustion. The heart rate (HR) was
continuously monitored with a test employing a Polar V800
GPS during the VO, max test. At the end of the last task, the
lactate was measured immediately after the VO, max test,
followed by the determination of the rate of perceived exer-
tion (RPE) using CR-10 scale as described by previous study
(Arney et al., 2019).

Three days after the last tasks of VO, max test measure-
ment, the RAST test was performed. The protocols and for-
mula calculation of the RAST test were based on previous
studies (Zagatto, WR, & CA, 2009). The RAST test was car-
ried out by following a number of stages: (i) The participant
was ready in a “standing start position” at one end of the
35 m sprint track (i.e. cone A) (ii) The second test admin-
istrator performed a countdown to the start of the test (iii)
On the “GO” signal, the participant performed a sprint with
maximal effort to the end of the 35 m track (i.e. cone B) (iv)
Upon crossing the 35 m line, the second test administrator
(standing on the end line) screamed “CLEAR”. Subsequently,
the first test administrator began the 10 secs recovery period
countdown using a stopwatch (Seiko Stopwatch S23601P) (v)
During the recovery period, the participant was getting ready
to perform another 35 m sprint back to the start position (vi)
All participants repeated this procedure for six sprints (five
10 sec recovery periods). (vii) To minimize any problems
after the last task of the RAST test, they were to rest, either
by sitting or standing. The running time of the sprints was
recorded using a beam photocell system (Microgate, Bolzano,
Italy). In addition, pre and post-testing of blood lactate and
RPE measurements in the RAST test were carried out in the
same way as that of the VO, max test.

On-court test

A week after the last day of the RAST test, on-court test
was carried out in the Saraga Futsal Arena Bandung. Three
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matches were played according to the current rules of FIFA
which began at 5.00 p.m., with a warm weather (22-23 °C)
and relative humidity (65-75%). To ensure that players were
highly motivated, a one-off match exhibition was included
and the opponent was the main rival of Bandung district fe-
male futsal club. Meanwhile, all matches were performed un-
der the supervision, tactical and motivation of head coaches
in order to keep running euphoria and performance of play-
ers high. For the match exhibition, 5 female players consist-
ing of a goalkeeper (n = 1), left-winger (n = 1), right-winger
(n =1) and pivot (n = 1) were randomly picked and assigned
to team A. Furthermore, with the same amount and compo-
sition, other players were assigned to team B and C, respec-
tively (match design is displayed in Figure 2). Specifically, all
teams played without the opportunity to carry out substitu-
tions. The Polar V800 GPS was used to monitored Heart Rate
(HR) intensity during the match.

Perform analysis by the members of the
training team

el

‘ Team C vs Opponent 3

‘ Team A vs Opponent 1 ‘ I Team B vs Opponent 2 I

Fig. 2. The head to head futsal match designs

During futsal match exhibition, one video camera
(Handycam Canon LEGRIA FS200) was mounted 5 m be-
hind the baseline and 8 m above the ground at the same end
of each court to film each match. Furthermore, the film from
each match was used to assess the performance analysis. The
video used technical assessment was developed by expert
members of the training team (n = 5), with more 10 years of
experience in futsal. The performance analysis of the match
was carried out as follows: (i) successful passing, when a play-
er in possession of the ball is able to send it to a teammate, (ii)
failed passing, when a player is unable to make a reasonable
attempt at playing a pass to a teammate, (iii) shot on target,
a clear attempt to score that would have entered the net but
was either saved by the goalkeeper or stopped by a player
who is the last-man with the goalkeeper having no chance of
preventing the goal (last line block), (iv) shot off target, any
shot that goes over or wide oft the goal area without making
contact with another player, would have gone over or wide oft
the goal but was either saved by a goalkeeper or stopped by an
outfield player, or directly hits the frame of the goal post (v)
tackling, when a player not in possession of the ball engages
with an opponent in possession of the ball and legally uses
a foot to take the ball away, and (vi) heading, when a player
uses the head to hit the ball in other for it to move in a certain
direction.

Statistical analysis

The statistical analysis tests were performed with the
SPSS software, V.21.0, while the normal distribution of the
sample was checked by using the Shapiro-Wilk test. The re-
peated measurement and Post-hoc LSD were used to eval-
uate aerobic and anaerobic performance, HR and RPE in
each group. Furthermore, the 95% confidence intervals and
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change percentages were calculated. Statistical significance
was accepted at the p < 0.05 level as indicated by the SPSS
software, V.21.0.

Results

Table 2 shows the results for the aerobic and anaerobic
performance during the INCs and RAST tests, respectively.
Table 3 depicts the results from the measurement of the lac-
tate and RPE in the CWT and SJR groups. Table 4 displays the
average characteristics for the different performance (shoot-
ing, tackling, heading and passing) in the three exhibition
futsal matches. Additionally, Figure 3 shows the average heart
rate during matches for the 3 teams.

Aerobic and anaerobic performance

Regarding aerobic capacity, there were no significant dif-
ferences in the average VO, max obtained for the 3 teams
(p = 0.531). Furthermore, for the anaerobic performance,
Analysis of Variance (ANOVA) revealed no significant dif-
ference for the mean power (MP) and fatigue index (FI)
(p = 0.425, p = 0.938, respectively) although, the MP and FI
of team C was low compared to A and B.

Table 2. VO, max, MP and FI during the INCS and RAST
tests in elite professional futsal players.

VO, max MP FI

Group (ml - kg - min-) (watts) (watts/second)

Team A 40.08 + 0.84 1813.25 + 344.43 1.03 +1.02
Team B 40.73 £0.77 1970.25 £ 222.56 0.87 £0.84
Team C 40.33 £0.78 1720.50 + 186.64 0.80+0.98

p-value 0.531 0.425 0.938

MP - mean power, FI - fatigue index. The values are presented as
mean * SD.

Table 3. Difference changes in lactate measures in three groups

Team A First half
180 ® Second half
175

170 I
165
160
155
150

Average HR (bpm

Team B First half
180 ® Second half
175

170
165 I
160
155
150

Average HR (bpm)

Team C First half
180 m Second half
175

170
165 I
160
< 55
150

ge HR (bpm)

Avera

Fig. 3. Average HR of three group during futsal matches

Lactate-pre' Lactate-post’

Lactate-pre? Lactate-post®

Group (mmol/l) (mmol/l) RPE! (mmol/l) (mmol/l) RPE?
Team A 1.73+0.33 11.58+0.62 9.75+0.50 1.93+0.92 8.23+0.63 8.50+0.58
Team B 1.38+0.59 12.25+0.70 9.00+0.82 1.70+0.44 8.23+0.88 8.00+0.82
Team C 2.00+0.89 11.95+0.91 9.72+0.50 1.58+0.74 7.70+0.88 8.50+1.29
p—value 0.422 0.476 0.201 0.792 0.587 0.698

"Lactate-pre — blood lactate response before INCS test, 'Lactate-post — blood lactate response after INCS test, 'RPE - rating of perceived
exertion after INCS test, “Lactate-pre — blood lactate response before RAST test, 2Lactate-post — blood lactate response after RAST
test, RPE - rating of perceived exertion after RAST test. The values are presented as mean + SD.

Table 4. The distribution of the performance characteristics of three exhibition futsal matches

Team Success Passing  Failed Passing  Shot on Target Shot of Target Tackling Heading
A 160 25 15 8 1 3
B 181 20 18 13 2 2
C 154 30 12 14 1 3

Data as a mean total of the performance in each team

22
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Blood lactate concentration and RPE

For the 3 teams, lactate concentration increased from pre
to post-test in each session’s test (INCS and RAST). Further-
more, ANOVA revealed no significant difference in lactate
concentration at the pre-test for both sessions (p = 0.422,
p = 0.792, respectively). It also revealed no significant dif-
ference in the lactate parameter post-test for both sessions
(p=0.476, p = 0.587, respectively). With reference to the RPE
for all participants after the INCS and RAST tests, ANOVA re-
vealed no significant difference among the 3 teams (p = 0.201
and p = 0.698, respectively).

On-court test

The team of analysts revealed that team C were less suc-
cessful in passing and shot on target compared to B and A
(for successful passes = 154 vs 181 vs 160, for shot on tar-
get = 12 vs 18 vs15). Conversationally, the total failed passes
and shot off target of team C was frequent compared to B and
A (for failed passes = 30 vs 20 vs 25, for shot off target 14 vs 13
vs 8). There was no significant difference in total of tackling
and heading for each team during the matches.

Discussion

The purpose of the study was firstly, to examine the anaer-
obic and aerobic performance of Indonesian professional fe-
male futsal players and secondly, to determine the influence of
the anaerobic performance on specific movements (shooting,
tackling, heading and passing) in a match-play. To the best
knowledge of the authors, this is the first study which assessed
both anaerobic and aerobic performance on shooting, tack-
ling, heading and passing. The main discoveries of this study
were: (1) determination of the average anaerobic and aerobic
performance of Indonesian professional female futsal athletes
and (2) determination of the influence of MP and FI on shoot-
ing, tackling, heading and passing. These discoveries added
to the scientific study that supports the use of physiological
characteristics as a formula to determine training regimens
used by coaches, sports scientists and female futsal players.

According to previous studies, VO, max is the maximal
oxygen transport from the environment to the mitochondria
which supports the oxidative production of ATP for carrying
out physical work (Levine, 2008). Therefore, VO, max is a cru-
cial physiological aspect which futsal players should improve
on (Alvarez, D'Ottavio, Vera, & Castagna, 2009; Ayarra, Na-
kamura, Iturricastillo, Castillo, & Yanci, 2018; Naser et al.,
2017). This study has been confirmed by Tomlin et al. (2002),
which explained that VO, max is needed for inducing quicker
recovery (e.g. improved Phosphocreatine (PCr) recovery)
between high-intense efforts or even after exhaustion. In this
study, the average VO, max of Indonesian professional female
futsal players was 40.04 + 0.04 ml-kg*-min™ (the average of
the 3 teams). These values were considerably low compared
to those in previous studies (Barbero-Alvarez et al., 2015;
Datson et al., 2014; Haugen, Tonnessen, Hem, Leirstein, &
Seiler, 2014; Krustrup, Mohr, Ellingsgaard, & Bangsbo, 2005).
For example, Barbero-Alvarez et al. (2015) examined the VO,
max of fourteen female futsal players from the Venezuelan
National team, using the treadmill running test and obtained
VO, max values of 45.3 + 5.6 ml-kg'-min"'. Responding to
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these differences in existing literatures, it was revealed that
genetics and differences in level of training or competition
may be considered as explanatory factors (Manzi, Iellamo,
Impellizzeri, D’Ottavio, & Castagna, 2009; Perrier-Melo,
Figueira, Guimaraes, & Costa, 2018).

In this study, the RAST test was applied as a method to
measure the anaerobic performance of participants. Accord-
ing to previous studies, it is a method that assesses the anaer-
obic power and capacity by measuring the peak power, MP
and FI variables (Keir, Thériault, & Serresse, 2013; Zagatto et
al., 2009). Specifically, Zagatto al. (2009), explained that the
MP in the RAST test indicates a player’s ability to maintain
anaerobic performance over time (high score indicates a bet-
ter ability), while FI variables indicates the rate at which pow-
er declines for a player i.e. the lower the FI value, the higher
the ability to maintain anaerobic performance and vice versa.
In this study, the average MP and FI value of team C was
lower compared to A and B (see Table 2). Although, there
were some difficulties in the discovery of supportive studies
related to the anaerobic performance of futsal female players
using RAST test. However, this study was able to show the
importance of anaerobic capacity on performance. Accord-
ing to some previous studies, anaerobic actions are involved
in the explosive movements in futsal (e.g. kicking, tackling,
heading and sprinting) (Beato et al., 2017; Naser et al., 2017).
Furthermore, an excellent anaerobic capacity is needed to
improve the performance of these movements (Beato et al.,
2017; Naser et al., 2017). In line with these studies, the results
obtained in this study were strong associations between an-
aerobic capacity and explosive movements. This is evident
from the fact that the average MP and FI values of team C
were lower compared to the other teams. On careful analyza-
tion, it was discovered that team C was less successful in mak-
ing passes and shots on target (see Table 4). Furthermore, the
results of this study clarified that excellent anaerobic capacity
are needed to support explosive movement performance.

However, this study is not without limitations. Firstly,
the physical, role-related and emotional functioning, includ-
ing differences in the lifestyles of the participants could have
an impact on the obtained results. Secondly, future studies
should be concerned with the correlation statistical analysis
(e.g. Pearson correlation coefficient) to measure the relation-
ship between anaerobic capacity and explosive movements.
More or less, this study is expected to assist coaches to im-
prove the performance of players from the perspective of
physiological characteristics of female futsal players.

Conclusions

The results of this study provided evidence and dem-
onstrated strong associations between anaerobic capacity
and explosive movements (shooting, tackling, heading, and
passing) among female futsal players. Therefore, the high-
intensity interval training method should preferably be used
by coaches and players to improve anaerobic capacity.

Acknowledgement

The authors express gratitude to the study institutions
and community service (LPPM) ITB Indonesia who sup-
ported and funded the project.



ISSN 1993-7989 (print). ISSN 1993-7997 (online). Teopis ma memoouka gizu4Ho20 suxosaHHs. Tom 21, N2 1

Conflict of interest

The authors state no conflict of interest.

References

Chandra, S. (2013). in Indonesia, 67(December), 37-41.

Beato, M., Coratella, G., Schena, F, & Hulton, A. T. (2017).
Evaluation of the external & internal workload in female
tutsal players. Biology of Sport, 34(3), 227-231.
https://doi.org/10.5114/biolsport.2017.65998

Ayala, F, Sainz de Baranda, P., De Ste Croix, M., & Santonja,

E (2011). Criterion-related validity of four clinical tests
used to measure hamstring flexibility in professional futsal
players. Physical Therapy in Sport, 12(4), 175-181.
https://doi.org/10.1016/j.ptsp.2011.02.005

Farid Farhani, Hamid Rajabi, Raoof Negaresh, Ajmol Ali, Sadegh
Amani Shalamzari, & Julien S. Baker (2019). Reliability
and Validity of a Novel Futsal Special Performance Test
Designed to Measure Skills and Anaerobic Performance.
International Journal of Sports Physiology and Performance,
14(8), 1096-1102.
https://doi.org/10.1123/ijspp.2018-0850

CE W, FAP, E, FVC, M., AM, L., FY, N., & SP, W. (2011). Faster
and slower post-training recovery in futsal: multifactorial
classification of recovery profiles. International Journal, 1-19.

Barbero-Alvarez, J. C., Soto, V. M., Barbero-Alvarez, V., &
Granda-Vera, J. (2008). Match analysis and heart rate of
futsal players during competition. Journal of Sports Sciences,
26(1), 63-73.
https://doi.org/10.1080/02640410701287289

Barbero-Alvarez, ]. C., Subiela, J. V., Granda-Vera, J., Castagna,
C., Goémez, M., & Del Coso, J. (2015). Aerobic fitness and
performance in elite female futsal players. Biology of Sport,
32(4), 339-344. https://doi.org/10.5604/20831862.1189200

Naser, N., Ali, A., & Macadam, P. (2017). Physical and
physiological demands of futsal. Journal of Exercise Science
and Fitness, 15(2), 76-80.
https://doi.org/10.1016/j.jesf.2017.09.001

Sales, M., Maciel, A., Aguiar, S., Asano, R., Motta-Santos, D.,
Moraes, J., ... Sousa, C. (2018). Vertical Jump Is Strongly
Associated to Running-Based Anaerobic Sprint Test in
Teenage Futsal Male Athletes. Sports, 6(4), 129.
https://doi.org/10.3390/sports6040129

Corréa, U. C,, de Pinho, S. T, da Silva, S. L., Clavijo, F. A. R,,
Souza, T. de O., & Tani, G. (2016). Revealing the decision-
making of dribbling in the sport of futsal. Journal of Sports
Sciences, 34(24), 2321-2328.
https://doi.org/10.1080/02640414.2016.1232488

Castagna, C., D'Ottavio, S., Vera, J. G., & Alvarez, J. C. B. (2009).
Match demands of professional Futsal: A case study. Journal
of Science and Medicine in Sport, 12(4), 490-494.
https://doi.org/10.1016/j.jsams.2008.02.001

Astagna, C. A. C. (2010). Physiological demands of an
intermittent futsal-oriented high-intensity test, 2322-2329.

Lago-Fuentes, C., Rey, E., Padron-Cabo, A., De Rellan-Guerra,
A. S, Fragueiro-Rodriguez, A., & Garcia-Nunez, J. (2018).
Effects of core strength training using stable and unstable
surfaces on physical fitness and functional performance
in professional female futsal players. Journal of Human
Kinetics, 65(1), 213-224.
https://doi.org/10.2478/hukin-2018-0029

Ramos-Campo, D. J., Rubio-Arias, ]. A., Carrasco-Poyatos, M.,
& Alcaraz, P. E. (2016). Physical performance of elite and
subelite Spanish female futsal players. Biology of Sport,
33(3), 297-304. https://doi.org/10.5604/20831862.1212633

Arney, B. E,, Glover, R, Fusco, A., Cortis, C., de Koning, J. J., van
Erp, T, ... Foster, C. (2019). Comparison Of RPE Rating
Scales For Session RPE. Medicine ¢ Science in Sports &
Exercise, 51(Supplement), 920-921.
https://doi.org/10.1249/01.mss.0000563258.44197.66

Zagatto, A. M., Beck, W. R., & Gobatto, C. A. (2009). Validity of
the Running Anaerobic Sprint Test for Assessing Anaerobic
Power and Predicting Short-Distance Performances. Journal
of Strength and Conditioning Research, 23(6), 1820-1827.
https://doi.org/10.1519/JSC.0b013e3181b3df32

Levine, B. D. (2008). VO2: What do we know, and what do we
still need to know? Journal of Physiology, 586(1), 25-34.
https://doi.org/10.1113/jphysiol.2007.147629

Alvarez, J., D'Ottavio, S., Vera, J., & Castagna, C. (2009). Aerobic
Fitness in Futsal Players of Different Competitive Level. Journal
of Strength and Conditioning Research, 23(7), 2163-2166.
https://doi.org/10.1519/JSC.0b013e3181b7{8ad

Ayarra, R., Nakamura, E Y., Iturricastillo, A., Castillo, D., &
Yanci, J. (2018). Differences in Physical Performance
According to the Competitive Level in Futsal Players.
Journal of Human Kinetics, 64(1), 275-285.
https://doi.org/10.1515/hukin-2017-0201

Tomlin, D., & Wenger, H. (2002). The relationships between
aerobic fitness, power maintenance and oxygen
consumption during intense intermittent exercise. Journal
of Science and Medicine in Sport, 5(3), 194-203.
https://doi.org/10.1016/S1440-2440(02)80004-4

Datson, N., Hulton, A., Andersson, H., Lewis, T., Weston, M.,
Drust, B., & Gregson, W. (2014). Applied physiology of
female soccer: An update. Sports Medicine, 44(9), 1225-
1240. https://doi.org/10.1007/s40279-014-0199-1

Haugen, T., Tonnessen, E., Hem, E., Leirstein, S., & Seiler, S.
(2014). VO, max Characteristics of Elite Female Soccer
Players, 1989-2007. International Journal of Sports
Physiology and Performance, 9(3), 515-521.
https://doi.org/10.1123/ijspp.2012-0150

Krustrup, P., Mohr, M., Ellingsgaard, H., & Bangsbo, J. (2005).
Physical demands during an elite female soccer game:
Importance of training status. Medicine and Science in
Sports and Exercise, 37(7), 1242-1248.
https://doi.org/10.1249/01.mss.0000170062.73981.94

Manzi, V., Iellamo, E, Impellizzeri, F.,, D'Ottavio, S., & Castagna,
C. (2009). Relation between individualized training
impulses and performance in distance runners. Medicine
and Science in Sports and Exercise, 41(11), 2090-2096.
https://doi.org/10.1249/MSS.0b013e3181a6a959

Perrier-Melo, R. ]., Figueira, E. A. M. dos S., Guimaraes, G. V., &
Costa, M. da C. (2018). High-intensity interval training in
heart transplant recipients: A systematic review with meta-
analysis. Arquivos Brasileiros de Cardiologia, 110(2), 188-
194. https://doi.org/10.5935/abc.20180017

Keir, D. A., Thériault, F, & Serresse, O. (2013). Evaluation of the
running-based anaerobic sprint test as a measure of repeated
sprint ability in collegiate-level soccer players. Journal of
Strength and Conditioning Research, 27(6), 1671-1678.
https://doi.org/10.1519/JSC.0b013e31827367ba

TM®B, 2021, Tom 21, N 1



Apriantono, T, Bahri, S., lhsani Indah, Sri, & Bagus, W. (2021). Physiological and Competitive Characteristics of Professional Female
Futsal Players

®I1310/10T14YHI TA KOHKYPEHTHI XAPAKTEPUCTUKA
NMPOMECINHNX TPABLIB ®YT3AJY Y XKIHOK

1ABC

Tommi AnpianToHO 1DE

, Camcyn Baxpi'®¢, Illpi Ixcani Ingax'®¢, Binara Baryc
'THcTUTYT TexHomnoril bangyHr

ABTOpCHKNMIT BKIAM: A — [U3aiiH KOCTIMKeHHs; B — 36ip ganux; C - crarananis; D - migrotoska pykomucy; E - 36ip xowTis

Pedepar. Crarrs: 7 c., 3 puc., 4 Tab1., 26 HKeperL.

MerTo10 BOCTimKeHHA 6y/I0 BUBYMTY aHaepOOHY Ta aepob-  IIpoBefieHHI 060X ceaHCiB, AKi OYyIM po3fiNeHi TIDKHEM, 100
HY e(eKTUBHICTD, @ TAKOX BUSHAUYUTH BIUIUB aHAePOOHOI IPO-  T'paBIli 3MOI/IN BiTHOBUTHCD.
BYKTMBHOCTI Ha KOHKPETHI PyXM Iifl 9aC MaT4-TPI. PesynbraTu. PesyibraTu mokasany, 1o He 6y/I0 CYTTEBOI
Marepianu Ta MeTogu. 3arajioM 6yo HabpaHo 12 iHfoHe- pisHuI Mk cepeHbOIO TOTYXKHicTI0 (MP) Ta iHZeKcoM BTOMM

sificpkux podeciitnnx ¢yrdomicTok i3 xinodoro dpyrsamproro  (FI) (p = 0,425, p = 0,938, BifnoBigHO) M1 aHaepOOHMX ITO-
Ki1yOy paiiony baH[yHT, sAKi B3SIM y4acTb y HOCTiIKeHHI. BOHM — Ka3HMKIB 3 BUKOPMCTaHHAM AMcIiepciiiHoro anamisy (ANOVA),
HOBMHHI Oy TIPOITH OfHe O3HAOM/IEHH: Ta fiBa ekcrepu-  xoda, MP Tta FI xomauau C 6y/ra HIDKYOI0 TOPIiBHSHO 3 A Ta b.
MeHTa/IbHUX 3aHATTA. [1iff yac nepiroro sauATTsa (maboparopae  Kpim Toro, 3aranpHa KiIbKicTb HeBJa/INX Iepefay Ta OMaaH-
BUIIPOOYBaHHsI) BCl IpaBIii MpoBe/n TeCT Ha 6irosiit mopixui,  HaA B 1inb komanpu C 6yra 6ipiuoro mopiBHAHO 3 B Ta A (s
11106 BU3HAYNTY CBOK MaKCUMA/IbHY HOPMY CIIO>KMBAHHS KIUC- HeBfanux macis = 30 mportu 20 nporu 25, Ayt BigburTs imi 14
HI0 (VO, max) Ta aHaepoOHMIT CIPUMHTEPChKUII TeCT Ha WIBUA-  IPOTH 13 mpoTu 8).

kocti (RAST) mnst BumiproBaHHst aHaepoOHMX MOKasHMKiB. Ha BucnoBku. OTpyuMaHi pesynbTaTi MOKa3au, o iCHYI0Th
APYroMy 3aHATTI (BUIIPOOYBAHHs Ha MailJaHYMKY) YYaCHUKM  CUIbHI 3B’s13KM MDK aHaepoOHOI0 3[aTHICTIO Ta BUOYXOBUMMU
3irpaay 3MOfe/IbOBAHMII MaTd Ha KOpTi. TpeHepchka rpyma 3 pyxamu (mpoctpinu, 60poTsba, ygap roroBom Ta mepegada)

5 ekcriepTiB IIpoBe/a HOCTIKEHH: IIOfI0 KOHKYPEHTHMX pe-  cepef 'paBLiB xXiHo4Yoro dyTaaiy.
3Y/IbTATiB KOYKHOTO I'paBLs 3a MaT4. KpiM TOro, KOHIIeHTpallilo Knro4oBi cmoBa: aHaepo6Ha e(deKTUBHICTH, CIHPUH-
JIAKTaTy B KPOBi Ta MIBUAKICTb CIPUITHATTA (PiSMYHNX HaBaH-  TEPCBKMIl TeCT, IPOCTPi/, KOMaHAHI BUU CIIOPTY, TEXHIKa,

takeHb (RPE) orjinoBanm B monepegaboMy Ta micnAarecropomy VO, max.
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Abstract

The purpose of this study was to find the factors responsible for winning in the men’s and women’s beach volleyball

championship.

Materials and methods. The study sample consisted of a total of 212 matches for men and 214 matches for women
of the 2017 & 2019 FIVB Men and Women Beach Volleyball World Championships held at Vienna & Hamburg from
28 July to 6 Aug 2017 and 28 June to 7 July 2019. The matches were played by 192 teams (both men and women
combined) consisting of 384 numbers (both men and women combined) of players from different nations. The data
were analyzed using Binary Logistic Regression (Forward: LR Method) with the result of the game as the dependent
variable and predictor variables as covariates. B, standard error B, Wald’s x*, odds ratio with 95% confidence interval
were calculated. Model evaluation was conducted using the likelihood ratio test, Cox & Snell (R?), and Nagelkerke (R?)
tests. The goodness of fit test for the models was conducted using the Hosmer & Lemeshow test.

Results. The analysis revealed seven factors related to winning in men’s and women’s competition. While in league
rounds, six factors in men’s and seven factors in women’s competition were related to winning. Besides, in knockout
rounds, four factors in men’s and six factors in women’s competition were related to winning.

Conclusion. The study shows that there is a significant association of important factors with respect to winning a
match in an elite beach volleyball championship. The coaches and players can take note of the important factors
responsible for winning in the elite beach volleyball championship, with different factors playing an important role in
men’s and women’s competition during league and knockout rounds as well.

Keywords: notational analysis, chances, FIVB, prediction, world championship, skill.

Introduction

Beach volleyball has developed from a recreational ac-
tivity to a professional sport over the last few decades. Since
its inclusion in the Olympics in the 1996 Atlanta Summer
Olympic Games, the game has shown tremendous growth in
popularity all over the world. Beach volleyball is an intermit-
tent sport played by teams of two players in a sand court and
demanding powerful short rallies interspersed by pauses or
less intense activities. Matches are characterized by repeated-
jumps for attack-hit and block, rapid changes in moving di-
rection, and a considerable number of explosive diving digs
(Magalhaes, Inacio, Oliveira, Ribeiro, & Ascensdo, 2011).

The major skills which characterize the game of Beach
volleyball are: serve, serve reception, set, attack, block, and
dig (Hare & Sanderson, 1997; Homberg & Papageorgiou,
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1995; Kiraly & Shewman, 1999; Stevenson & Obstfeld, 1989).
Serve, attack and block give direct score points to the team,
whereas serve reception, set, and dig allows for the next
technical skills (Giatsis & Zahariadis, 2008). The game has
two phases: side out and counterattack. The side out phase
includes serve reception, setting, and dig & the counterat-
tack phase includes block, dig, set, and attack (Costa, Afonso,
Brant, & Mesquita, 2012).

Researchers have always been keen to analyze and evalu-
ate technical and tactical aspects of the team’s performances
in various sports. The characteristics of the beach volleyball
game have been previously studied (Hansen, 2002; Homberg
& Papageorgiou, 1995; Papageorgiou & Homberg, 2004), but
sports are in constant evolution and it is necessary to analyze
them on a regular basis. In 2001, rules on court size and the
scoring system changed, which led authors to research how
this affected the game. Some studies investigated court size

TM®B, 2021, Tom 21, N2 1



Kumar, G., Shukla, A., Chhoker, A., & Thapa, R. K. (2021). Identification of Factors Determining Winning in Men’s and Women'’s Beach
Volleyball: a Logistical Regression Approach

(Giatsis, Papadopoulou, Dimitrov, & Likesas, 2003; Homberg
& Papageorgiou, 1995; Kroger, 2006; Ronglan & Grydeland,
2006) and others focused on the scoring system (Giatsis, Ze-
tou, & Tzetzis, 2005; Kroger, 2006; Ronglan & Grydeland,
2006). Furthermore, some studies analyzed technical and
tactical aspects such as side out and counter-attack phas-
es, receptions, and differences between winning and losing
teams (Giatsis, Lopez Martinez, & Garcia, 2015; Giatsis &
Tzetzis, 2003; Michalopoulou, Papadimitriou, Lignos, Tax-
ildaris, & Antoniou, 2005). A study conducted by Giatsis
and Tzetzis (2003) postulates the different technical skills
contribute to winning on different court dimensions (8x9m
and 9x9m) in Hellenic Beach Volleyball finals. The results
showed that winners have a better percentage in the attack in
8x8m, while they had better serve reception performance in
the 9x9m court.

Traditionally, coaching intervention has been based on
subjective observations of athletes, but such observations
are not only unreliable but also inaccurate (Huges & Franks,
2010). To solve this issue, computer-aided analysis has been
involved in sports performance analysis. The use of notation-
al analysis (Castro, Souza, & Mesquita, 2011; Marcelino, Mes-
quita, & Sampaio, 2011) and computerized systems (Eom &
Schutz, 1992a, 1992b) is the most common methodology in
sports performance studies, which had improved the speed,
accuracy, and efficiency of data analysis. Notational analy-
sis is the process of recording, treatment, and diagnostics
of events taking place in a competition (Drust, 2010). Sev-
eral studies have been conducted on the notational analysis
of technical and tactical aspects of volleyball (Ciuffarella et
al., 2013) and beach volleyball (Jimenez-Olmedo, Penichet-
Tomas, Saiz-Colomina, Martinez-Carbonell, & Jove-Tossi,
2012; Koch & Tilp, 2009b; Pérez-Turpin et al., 2019; Tilp,
Koch, Stifter, & Ruppert, 2006). It has facilitated coaches in
the analysis of movement patterns, strategy, and tactics of the
individual player as well as the team’s performance.

Although numerous studies have been published related
to Beach volleyball (Giatsis & Zahariadis, 2008; Koch & Tilp,
2009a; Papadopoulou, Giatsis, Billis, Giannako, & Bakirtzo-
glou, 2020; Seweryniak, Mroczek, & Lukasik, 2013), only a
few have been published regarding the factors responsible for
winning and losing in Beach volleyball for men and women
(Gabrio, 2021; Giatsis & Tzetzis, 2003; Medeiros, Marcelino,
Mesquita, & Palao, 2017). As the game of beach volleyball is
showing an exponential competitive growth pattern, techni-
cal skills that are key for success in this game are need to be
researched and focused on so that the teams and coaches can
prepare themselves accordingly. Therefore, the purpose of this
study was to identify the factors which determine winning
in a beach volleyball game for men as well as women using a
logistical regression approach.

Materials and methods

To identify the factors which determine the winning of
a beach volleyball game the matches played during the FIVB
Beach Volleyball Men and Women World Championships of
2017 and 2019 were considered in this study. The study vari-
ables selected for analyses were the break point, service error,
service point, reception error, attack error, attack blocked,
attack point, attack point percent, block, and opponent error
(Table 1).
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Table 1. Description of selected skills for the analysis

Factors Description

Break point A point scored when the team is in

possession of service

Service error If the server hits or fails to go over the net,
the serve goes out-of-bounds or the server

called a foot or time violation

Service point If the server gets a direct point from the

service

A player passes the ball, but it cannot be
kept in play

When an attack is hit out of bounds or hit
into the net leading to a four hit

Reception error
Attack Error

Attack Blocked The ball is blocked down by the opposition
on the same side as the attacker and cannot
be kept in play

Attack Point An attack point is any ball that is sent over

the net to the opponent and gets success

Attack Point Percent  Attack points minus attack errors divided

by total attacks

Block The block is the skill of stopping or altering
an opponent’s attack by players standing at
the net. An offensive block aims at keeping
the ball into the opponent’s court, while
a defensive block aims at getting the ball

under control by slowing it down

Opponent Error It is the acquisition of numbers that are
considered to benefit the team because
it does not go through the process of the
activities of the team itself. It also called

‘Free Score’

Subjects

The study sample consisted of a total of 212 matches for
men and 214 matches for women of the 2017 & 2019 FIVB
Men and Women Beach Volleyball World Championships
held at Vienna & Hamburg from 28 July to 6 Aug 2017 and
28 June to 7 July 2019. The matches were played by 192 teams
(both men and women combined) consisting of 384 numbers
(both men and women combined) of players from different
nations. The data for the present study was extracted from
the official website of FIVB (http://vienna2017.fivb.com/en/
schedule#/d20170806) for 2017 for Beach Volleyball World
Championship and (http://hamburg2019.fivb.com/en/
schedule#/d20190708) for the 2019 Beach Volleyball World
Championship.

Statistical Analysis

All the statistical analyses were performed with IBM
SPSS (version 20.0.0). The data were analyzed using Binary
Logistic Regression (Forward: LR Method) with the result of
the game as the dependent variable and predictor variables
as covariates. B, standard error B, Wald’s x>, odds ratio with
95% confidence interval were calculated. Model evaluation
was conducted using the likelihood ratio test, Cox & Snell
(R?), and Nagelkerke (R?) tests. The goodness of fit test for
the models was conducted using the Hosmer & Lemeshow
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Table 2. Logistic Regression Analysis of beach volleyball matches for match outcomes as win or loss

Men’s matches

0,
Predictor B SEB Wald’s x* df P (od dse[;'a tio) 9 (/‘;S'I'
Constant -13.005 1.741 55.781 1 <0.001 - -
Break point 0.321 0.60 28.711 1 <0.001 1.378 1.226-1.550
Service point 0.230 0.066 12.158 1 <0.001 1.259 1.106-1.433
Reception error -0.279 0.069 16.165 1 <0.001 0.756 0.660-0.867
Attack error -0.176 0.073 5.646 1 0.017 0.839 0.726-0.968
Attack point percentage 0.141 0.024 34.206 1 <0.001 1.151 1.098-1.207
Block 0.219 0.092 5.676 1 0.017 1.245 1.040-1.492
Opponent error 0.240 0.045 28.822 1 <0.001 1.272 1.165-1.388
Test X df p R?
Overall model evaluation
Likelihood ratio test 324.290 7 <0.001
Cox & Snell 0.535
Nagelkerke 0.713
Goodness-of-fit test
Hosmer & Lemeshow 4.893 8 0.789
Women’s matches
0,
Predictor B SEp Wald’s 2 df p (od d:iaﬁo) % (/‘; 5.1.
Constant -7381 1.398 27.874 1 <0.001 - -
Break point 0.228 0.49 21.991 1 <0.001 1.256 1.142-1.382
Reception error -0.361 0.080 20.456 1 <0.001 0.697 0.596-0.815
Attack error -0.310 0.66 21913 1 <0.001 0.733 0.644-0.835
Attack blocked -0.276 0.087 10.058 1 0.002 0.759 0.640-0.900
Attack point percentage 0.111 0.023 22.555 1 <0.001 1.117 1.067-1.169
Block 0.197 0.098 4.039 1 0.44 1.217 1.005-1.474
Opposition error 0.214 0.43 24.484 1 <0.001 1.239 1.138-1.349
Test X df p R?
Overall model evaluation
Likelihood ratio test 338.938 7 <0.001
Cox & Snell 0.547
Nagelkerke 0.729
Goodness-of-fit test
Hosmer & Lemeshow 14.524 8 0.069

test. In addition, observed and predicted frequencies by the
regression model were also calculated with a cut-oft of 0.50.
The statistical level of significance was set at p < 0.05.

Results

Men

A total of 424 observations were analyzed for men and
the logistic regression analysis found the following varia-
bles as significant in determining the model for winning of
matches: break point, service point, reception error, attack
error, attack point percentage, block, and opponent error.
Predicted logit of Winning (men) = -13.005 + 0.321-(break
point) + 0.230-(service point) + (-0.279)-(reception error) +
(-0.176)-(attack error) + 0.141-(attack point percentage) +
0.219-(block) + 0.240- (opponent error)

The Likelihood ratio test of the model resulted in 2 value
of 324.29 with p < 0.001. In addition, the Cox and Snell re-

28

Table 3. The observed and the predicted frequencies for
match results by Logistic Regression model with the cut-off
0f 0.50

Observed Predicted % correct
Loss Won

Men’s matches

Loss 179 31 85.2
Won 22 192 89.7
Overall % correct 87.5
Women’s matches

Loss 185 25 88.1
Won 28 190 87.2
Overall % correct 87.6

sulted in R? value of 0.535 and Nagelkerke resulted in R* value
of 0.713. Goodness of fit test using Hosmer and Lemeshow
resulted in a p value of 0.789 (Table 1). The overall correct
predicted percentage using the model was found to be 87.5%
(Table 2, Figure 1a).
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Table 4. Logistic Regression Analysis of league matches for match outcomes as win or loss

Men’s league matches

Predictor B SEB Wald’s x? df p (od dse‘;a tio) 95:/(;‘3?'1'
Constant -18.316 2.320 62.338 1 <0.001 - -
Break point 0.309 0.085 13.176 1 <0.001 1.363 1.153-1.611
Reception error -0.648 0.124 27.441 1 <0.001 0.523 0.410-0.667
Attack blocked -0.087 0.040 4.652 1 0.031 0.916 0.847-0.992
Attack point 0.268 0.037 53.219 1 <0.001 1.307 1.216-1.405
Block 0.263 0.112 5.472 1 0.019 1.301 1.044-1.622
Opposition error 0.352 0.062 32.032 1 <0.001 1.422 1.259-1.606

Test X df P R?
Overall model evaluation
Likelihood ratio test 308 6 <0.001
Cox & Snell 0.582
Nagelkerke 0.785
Goodness-of-fit test
Hosmer & Lemeshow 9.496 8 0.302
Women’s league matches

Predictor B SE B Wald’s x df P (od dsei'a tio) 95(29?'1'
Constant -7.415 1.479 25.137 1 <0.001 0.001 -
Break point 0.243 0.048 25.843 1 <0.001 1.275 1.161-1.4
Reception error -0.351 0.087 16.320 1 <0.001 0.704 0.593-835
Attack error -0.263 0.069 14.628 1 <0.001 0.769 0.672-0.880
Attack point percentage -0.242 0.093 6.839 1 0.009 0.785 0.655-0.941
Attack point 0.113 0.025 20.089 1 <0.001 1.119 1.066-1.176
Opposition error 0.207 0.046 19.923 1 <0.001 1.230 1.123-1.347

Test X df p R?
Overall model evaluation
Likelihood ratio test 287.509 6 <0.001
Cox & Snell 0.544
Nagelkerke 0.726
Goodness-of-fit test
Hosmer & Lemeshow 19.542 8 0.012

In addition, the total observations were further sub-
grouped into the league and knockout stages and analyzed.
The following variables were found significant in determining
the model for winning league matches: break point, reception
error, attack blocked, attack point, block, and opposition error.

Predicted logit of winning (men league round) = -18.316 +
0.309-(break point) + (-0.648)-(reception error) + (-0.087)-(at-
tack blocked) + 0.268-(attack point) + 0.263-(block) +
0.352-(opposition error)

The Likelihood ratio test of the model resulted in a ¥
value of 308 with p < 0.001. In addition, the Cox and Snell
resulted in an R? value of 0.582 and Nagelkerke resulted in an
R? value of 0.785. The goodness of fit test using Hosmer and
Lemeshow resulted in a p-value of 0.302 (Table 4). The overall
correct predicted percentage using the model was found to be
87.6% (Table 5, Figure 1c).

In knockout matches following variables were found sig-
nificant in determining the model: break point, reception
error, attack error, and attack point.
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Table 5. The observed and the predicted frequencies for
league match results by Logistic Regression model with the
cut-off of 0.50

Observed Predicted % correct
Loss Won

Men’s matches

Loss 150 21 87.7
Won 22 154 87.5
Overall % correct 87.6
Women’s matches

Loss 158 21 88.3
Won 22 165 88.2
Overall % correct 88.3

Predicted logit of winning (men knockout round) = -0.989 +
0.734-(break point) + (-0.787)-(reception error) + (-0.459)-at-
tack error + 0.116-(attack point)
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Fig. 1. Predicted probability for membership for winning a match in beach volleyball using the model. (a) men’s overall matches, (b)
women’s overall matches, (c) men’s league matches, (d) women’s league matches, (e) men’s knockout matches, and (f) women’s knockout
matches. Note: The cut-off value is 0.50. Symbols ‘L represents Lost and ‘W’ represents Win and each symbol represents 5 cases.

The Likelihood ratio test of the model resulted in a ¥?
value of 59.498 with p < 0.001. In addition, the Cox and Snell
resulted in an R? value of 0.538 and Nagelkerke resulted in an
R? value of 0.718. The goodness of fit test using Hosmer and
Lemeshow resulted in a p-value of 0.122 (Table 6). The overall
correct predicted percentage using the model was found to be
85.7% (Table 7, Figure 1e).

Women

A total of 428 observations were analyzed for women and
the logistic regression analysis found the following factors as
significant in determining the model for wining of the match:
break point, reception error, attack error, attack blocked, at-
tack point percent, block, and opponent error.

Predicted logit of winning (women) = -7381 + 0.228 (break
point) + (-0.361)-(reception error) + (-0.310)-(attack error)
+ (-0.276)-(attack blocked) + 0.111-(attack point percent) +
0.197-(block) + 0.214-(opposition error)

The Likelihood ratio test of the model resulted in a x?
value of 338.938 with p < 0.001. In addition, the Cox and
Snell resulted in an R? value of 0.547 and Nagelkerke resulted
in an R? value of 0.729. The goodness of fit test using Hosmer
and Lemeshow resulted in a p-value of 0.069 (Table 2). The
overall correct predicted percentage using the model was
found to be 87.6% (Table 3, Figure 1b).

In addition, the total observations were further sub-
grouped into the league and knockout stages and analyzed.
The following variables were found significant in determin-
ing the model for winning league matches: break point, re-
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ception error, attack error, attack point percentage, attack
point, and opposition error.

Predicted logit of winning (women league matches) = -7.415 +
0.243-(break point) + (-0.351)-(reception error) + (-0.263)-(at-
tack error) + (-0.242)-(attack point percentage) + 0.113-(attack
point) + 0.207-(opposition error)

The Likelihood ratio test of the model resulted in a ¥
value of 287.509 with p < 0.001. In addition, the Cox and
Snell resulted in an R? value of 0.544 and Nagelkerke resulted
in an R? value of 0.726. The goodness of fit test using Hosmer
and Lemeshow resulted in a p-value of 0.012 (Table 4). The
overall correct predicted percentage using the model was
found to be 88.3% (Table 5, Figure 1d).

In knockout matches following variables were found sig-
nificant in determining the model: break point, service point,
reception error, attack error, attack blocked, attack point, and
opposition error.

Predicted logit of winning (women knockout matches) =-18.564
+ 1.846-(break point) + (-1.537)-(service point) + (-1.167)-(re-
ception error) + (-1.011)-(attack error) + (-0.542)-attack
blocked + 0.473-(attack point) + 0.346-(opposition error)

The Likelihood ratio test of the model resulted in a 2
value of 63.929 with p < 0.001. In addition, the Cox and Snell
resulted in an R* value of 0.643 and Nagelkerke resulted in an
R? value of 0.858. The goodness of fit test using Hosmer and
Lemeshow resulted in a p-value of 1 (Table 6). The overall
correct predicted percentage using the model was found to
be 91.9% (Table 7, Figure 1f).
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Table 6. Logistic Regression Analysis of knockout matches for match outcomes as win or loss

Men’s knockout matches

0,

Predictor B SEp Wald’s x df P (od dsei'a tio) % (/ZB? €
Constant -0.989 4.169 5.623 1 0.018 -
Break point 0.734 0.196 14.048 1 <0.001 2.084 1.420-3.060
Reception error -0.787 0.265 8.855 1 0.003 0.455 0.271-0.764
Attack error -0.459 0.225 4.152 1 0.042 0.632 0.406-0.983
Attack point 0.116 0.063 3.402 1 0.065 1.123 0.993-1.270

Test X df p R?
Overall model evaluation
Likelihood ratio test 59.498 4 <0.001
Cox & Snell 0.538
Nagelkerke 0.718
Goodness-of-fit test
Hosmer & Lemeshow 12.705 8 0.122
Women’s Knockout matches
0,

Predictor B SE B Wald’s x? df P (od dse[:‘a tio) 95 (A;}?'I'
Constant -18.564 8.671 4.583 1 0.032 -
Break point 1.846 0.765 5.821 1 0.016 6.333 1.414-28.371
Service point -1.537 0.719 4.565 1 0.033 0.215 0.053-0.881
Reception error -1.167 0.581 4.040 1 0.044 0.311 0.1-0.971
Attack error -1.011 0.497 4.147 1 0.042 0.364 0.137-0.963
Attack blocked -0.542 0.277 3.833 1 0.050 0.582 0.338-1.001
Attack point 0.473 0.227 4.335 1 0.037 1.605 1.028-2.504
Opposition error 0.346 0.152 5.208 1 0.022 1.414 1.050-1.903

Test X df p R?

Overall model evaluation
Likelihood ratio test 63.929 7 <0.001
Cox & Snell 0.643
Nagelkerke 0.858
Goodness-of-fit test
Hosmer & Lemeshow 0.280 8 1

Discussion

The purpose of this study was to identify important skill
related factors that were significantly responsible for winning
in the beach volleyball championships using a logistic regres-
sion approach. A forward step method indicated seven factors
(out of ten) were related to winning in men’s competition.
In addition, five factors were positively related (break point,
service point, attack point percentage, block, opponent error)
while two factors (reception error and attack error) were nega-
tively related to winning. In the case of women’s competition, a
forward step method indicated seven factors (out of ten) were
related to winning. In addition, four factors (break point, at-
tack point percentage, block, and opposition error) were posi-
tively related while three factors (reception error, attack error,
and attacked blocked) were negatively related to winning.

Further classification of the observations into the league
and knockout rounds resulted in an indication of six factors
(out of ten) related to winning in the league round, while
four factors (out of ten) were related to winning in knock out
round in men’s competition. In the case of women’s competi-
tion, six factors (out of ten) were related to winning in the
league round, and seven factors (out of ten) were related to
winning in the knockout round.
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Table 7. The observed and the predicted frequencies for
knockout match results by Logistic Regression model with
the cut-off of 0.50

Observed LOSSPredlcte‘(/lvon % correct

Men’s matches

Loss 32 7 82.1
Won 4 34 89.5
Overall % correct 85.7
Women’s matches

Loss 27 4 87.1
Won 1 30 96.8
Overall % correct 91.9

Our study suggests few factors to be significantly respon-
sible for winning in beach volleyball competition, such as
break point, service point, attack point percentage, block,
opponent’s error, reception error, attack error, and attack
blocked. Break points include one’s own service aces, coun-
terattack points, and a number of winning blocks, and the
opponents errors, although these factors did not explain the
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outcomes of matches by themselves in our model. In this
competition, the number of points obtained in the break
point phase was the factor that made the greatest contribution
to the final outcomes. This factor is completely related to the
performance of the opponent’s reception and the opponent’s
attack (Pena, Rodriguez-Guerra, Busca, & Serra, 2013). The
service point was also found to be an important factor in de-
termining success in both men and women beach volleyball
competition. A previous similar study conducted on volley-
ball supports our findings (Silva, Lacerda, & Jodo, 2014). The
teams are evenly balanced at the world championship level,
and when the match gets close to end the serve skill may be
associated with victory. The service is the only moment of the
game when the players have 100% control over the ball and
the way events unfold. The players need to choose the type
of service, the force, and the area of the opponent’s court to
which the service will be directed (Martinez & Abreu, 2003).
Service is an opportunity to create the maximum number
of problems for the receiving opponent and also score a di-
rect point if possible. Thus, the service is the team’s one of
the most pre-eminent offensive weapons, causing a range of
problems for the receiving team, restricting, forestalling, and
even eliminating the possibility of an effective attack on the
part of the opponents. A study by Quiroga et al. (2012) ana-
lyzed 1300 services and divided them into four components.
The components with the greatest influence were related to
the type of service used, highlighting the importance of the
technical execution and the characteristics of the chosen ac-
tion, as well as the speed imparted to the service ball. It was
found that the players tried to execute a service that secures a
direct point or that at least impedes the opposing team from
mounting an attack, and to this end, they aim for a service
that is accurate, difficult to receive, and very often powerful.
The points gained through attack were also found to be the
most important skill in volleyball (Lobietti, Di Michele, &
Merni, 2006). A previous study also found a significant as-
sociation between the attack efficiency and the set outcome
(Monteiro, Mesquita, & Marcelino, 2009). The reason may be
that the teams that win the sets make fewer errors and have
higher efficiency in the counter attack. In the similar vein, the
attack error and attacks blocked also plays a significant role in
winning a match in beach volleyball.

Blocking is an important skill in any format of volleyball
to stop the attack at the net and blocking successfully is one of
the crucial features of winning in volleyball (Lobietti, 2009).
Previous studies (Lobietti et al., 2006) also investigated the
importance of block to win the game using cluster analysis
in the Italian volleyball professional league and results sug-
gest the block to be the second most important skill after
the attack. The points gained using block were also found
to be highly correlated to the final ranking (Lobietti et al.,
2006). The nature of every sport is such that teams try to
find the weaker link in the opponent team to gain benefits.
Team tactics are always such that the opponents are forced
to commit an error. Our study findings suggest that the op-
ponent’s error is linked to winning in elite beach volleyball
competition. Previous studies suggest the quality of reception
as an important factor in winning a volleyball match (Paulo,
Zaal, Fonseca, & Araujo, 2016; Pefia et al., 2013; Silva et al,,
2014). During the reception, many task-related functional
constraints might influence the behavior of the receiver
(Barsingerhorn, Zaal, De Poel, & Pepping, 2013). The jump-
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float serve takes about 1 second to reach the receiver, who
needs about 300 milliseconds to initiate his first movement
(Benerink, Bootsma, & Zaal, 2015). The receiver’s position
and movement have effects on how to pass a serve (Paulo et
al., 2016), and a player not able to flexibly adapt to varying
constraints results in loosing points.

Differences between winning and losing teams have been
of particular interest to researchers, and previous studies in-
dicate that attack efficiency and error percentage were the
primary factors in winning a match (Giatsis & Zahariadis,
2008; Michalopoulou et al., 2005). This could explain why
there is more offensive than defensive movements and verti-
cal advance movements in professional women’s beach vol-
leyball (Pérez-Turpin, Cortell-Tormo, Suarez-Llorca, Chin-
chilla-Mira, & Cejuela-Anta, 2009).

In addition to this, there was some significant reflection
in our findings when the observations were further divid-
ed based on league matches or knockout matches. In men’s
competition, six factors were found to significantly affect the
winning of matches in the league round, whereas only four
factors were found significant in knockout rounds. One rea-
son for this finding may be attributed to the fact that only the
best teams qualify to the knockout rounds through the league
matches. With the best teams playing in the knockout stages,
it becomes evident that only a few factors will be contributing
to the winning. Giatsis and Zahariadis (2008) could observe
that 2:0 winning teams on an international level (FIVB) have
superior skills in almost all techniques, especially in avoiding
attack errors. During close games (2:1 wins) only the amount
of points discriminated winners from losers. Michalopoulou
et al. (2005) identified the effectiveness of attack and serve as
key predictors for winning teams on the Greek national level.

Similarly, in women’s competition, seven factors were
found contributing to winning in league rounds, while six
factors were contributing to winning in knockout rounds.
Although not similar to men, women teams also showed one
factor less contributing during the knockout rounds than
league rounds. The differences in the factors between men
and women for winning league or knockout may be ex-
plained by the fact that males are significantly different from
females with respect to physical, physiological, psychological
aspects (Lewis, Kamon, & Hodgson, 1986). Previous studies
observed differences in the type of techniques used between
gender (Koch & Tilp, 2009b; Yiannis, 2008). Women’s beach
volleyball is considered to employ more effective defense
strategies, due in part to their lower levels of strength, speed,
and jump height and causes their attacks to not to be as dy-
namic as in men’s volleyball (Macial et al., 2009). A previous
study also observed significant sex differences in frequencies
of techniques applied for service, reception, setting, attack,
and block and defense, which may indicate differences in
movement pattern between men and women (Koch & Tilp,
2009b).

Conclusion

Our study concludes that there is a significant associa-
tion of important factors with respect to winning a match
in an elite beach volleyball championship. The coaches and
players can take note of the important factors responsible
for winning in the elite beach volleyball championship, with
different factors playing important role in men and women
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competition during league and knockout rounds as well. This
may also help the coaches design their training periodization
considering the factors that are important for their team.
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IAEHTUOIKALIA YAHHUKIB, LLO BUSHAYAIOTb
NMEPEMOTY Y NNAXHOMY BOJIENBOI CEPEJ, YONOBIKIB
TA XIHOK: IOTICTUYHWIA PEFTPECINMHUIA NIAXIA

Tonan Kymap'48°®, Aumryman lllykna®*®, Amit Yokep?**®, Poxit Kymap Tama'AcP

'Harionanbunit incTuTyT isndnoro BuxosanHs imeHi Jlakmmi bair
‘[HcTUTYT (pisMIHOrO BUXOBAHHA Ta ciopty iMeHi Ingipu [anpi

ABTopcbknii BKIaj;: A - nusaiis gocnimpkenHs; B — 36ip ganux; C - cratananis; D - migroroska pykomucy; E - 36ip komris

Pedepar. Crarrst: 10 c., 1 puc., 7 TabL., 47 mxeper.

Mertoro KocmimKeHHs 6y/10 ifeHTniKyBaTu YMHHUKY, 110 renbKepke (R?). Tect Ha mpupaTHICTH MOJe/ell IPOBOAMBCS 32
BI3HAYAIOTDh IIEPEMOTy B YeMIIOHATi 3 IULDKHOTO BOJNeit6omy  mormoMorolo Tecty XocMepa Ta Jlemeroy.
cepeft 4ONMOBIKiB Ta XKiHOK. Pesynbraru. AHaji3 IOKas3as, [0 CIM YMHHUKIB Oy/n

Marepianu i MeToam. Bubipka focmipKeHHs CKIaiaacsi i3 I0B’s13aHi 3 IEPEeMOTOI0 Y 3MaraHHsIX cepefl Y0/I0BIKiB Ta SKiHOK.
212 noeuHKIB 114 4O/IOBiKiB Ta 214 MOEAMHKIB /1A )KiHOK Ha Y XOfii TYpiB /IirM IIiCTh YMHHMKIB Y 4OJIOBIYMX Ta CiM YMHHUKIB
4yeMIioHaTi CBiTy 3 IsKHOTrO Boeitbony FIVB fjia yonoBikiB  y xiHO4MX 3MaraHH:AX Oy/u OB’ sA3aHi 3 mepemororo. Kpim Toro,
Ta >KiHok 2017 ta 2019 poxis, 1o BinOyBcs y Bigni Ta Tam6ypsi  y meit-od Takyx YMHHUKIB 6y/10 YOTHPH y YOTOBIUNX Ta LIICTh
3 28 munHA 110 6 cepnHA 2017 poky Ta 3 28 4epBHA 110 7 IMNHA Y )KiHOYMX 3MaraHHAX.
2019 poky. Matui sirpanm 192 xomangn (ax 4omoBiKM, TaK i BucnoBku. [locmixeHHs IIOKa3ye, 10 iCHy€ CyTTEBA aco-
JKIHKM pa3om), [0 CKmafanucs 3 384 HoMepiB (sSIK YOMOBIKiB,  Lialjis B)KIMBUX YMHHMKIB IIOf[0 TEPEMOTY B MaTUaX eTiTHOTO
Tak i )KIHOK pasoM) IpaBIiiB 3 pisHMX KpaiH. [laHi aHa/mi3yBamM  YeMIIOHATY 3 IUIDKHOTO Bojeitbony. Tpenepn Ta rpasii Mo-
3a [JOIIOMOTO0 GiHAPHOI TOricTUYHOI perpecii (IpsAMMIt: METOR,  XKYTh B3SITU O YBary BaXK/IMBI YMHHMKM, LIO BiMOBIfAIOTH 3a
LR) 3 pe3y/nbraToM I'py sIK 3aJI©KHOI0 3MIHHOIO Ta 3MIHHMMM  [E€PEMOTY B eJliTHOMY YeMITOHATI 3 I/ISHKHOTO BO/IENOOIY, IpK
HpeMKTopa K KoBapiatamu. PospaxoByBamu P, CTaHZApTHY  L[bOMY Pi3Hi UMHHMKMU TaK CaMoO BiflirpaioTb Ba)XIMBY POJb Y
noxnbky {, x*> Banbpa, koedimieHT maHciB i3 95% HOBipYMM  3MaraHHsX YOTOBIKiB Ta XIHOK Mif 4ac mwreii-o¢ payHais Jlirnm.
inTepBanom. OLiHKa MOJie/i IPOBOAN/IACA 3a JOTIOMOT'OI0 TECTY KnrouoBi cnoBa: HoTauiliumit ananis, mancu, FIVB, npo-
koediuienra iiMoBipHOCTi, TecTiB Kokca i Cuerma (R*) ta Ha-  rHO3yBaHHsA, 4eMITIOHAT CBIiTY, MallCTEpPHICTb.
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Abstract

Several neuroimaging studies have examined the effect of different types and combinations of exercises on activation of
brain associated with cognitive testing but none of these studies have examined the role of high intensity intermittent
exercise (HIIE) in altering cortical activation from simple to complex cognitive tasks.

The purpose of this study was to find if HIIE has a role in modulating executive functions related to inhibitory control
as expressed by changes in prefrontal cortex (PFC) activation.
Materials and methods. 40 healthy adults aged between 18-30 years volunteered for the study. They were randomly
divided into HIIE a (n = 20) group and a control (n = 20) group. The HIIE group performed 4*4 min of high intensity
exercise on a cycle ergometer with 3 minutes of active recovery at lower intensities between the bouts, whereas the
control group performed no exercise. Prefrontal hemodynamics (oxy and deoxy haemoglobin) were assessed using
functional near infrared spectroscopy (fNIRS) during the Colour Word Stroop test (CWST) on two sessions: pre-

session and post-session (1 week after pre-session).

Results. The results indicate a significant difference in CWST scores which coincided with a significant difference in
hemodynamics of PFC between a congruent and a complex incongruent task in the HIIE group. There was a greater
activation of the right frontopolar area, the left ventrolateral prefrontal cortex, and the left frontopolar area during the

incongruent task in response to acute HIIE.

Conclusion. HIIE plays a role in changing brain activation during more complex interference related tasks.
Keywords: HIIE, fNIRS, prefrontal cortex, Colour Word Stroop test, cognition.

Introduction

A growing body of literature has reported that exercise
has an effect on brain activation during cognitive testing
(Hyodo et al., 2012; Chang et al., 2012; Bediz et al., 2016).
Cognition improvement is related to the type of exercise,
improvement is smaller with low to moderate intensity
exercise and larger with high intensity exercise (Hashimoto
et al., 2017; Tsukumoto et al., 2016, 2017). The colour word
Stroop test (CWST) has been widely used to assess changes
in cognitive performance as a result of acute (Tsujii et al.,
2013; Yanagisawa et al., 2010) as well as long term exercise
(Martinsen et al., 2018).

CWST is a robust test which is used to assess executive
functions including processing speed, selective attention and
the degree of automaticity (Martinsen et al., 2018). It has two
types of stimuli: congruent, testing fluency of reading words
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and incongruent, testing the ability to inhibit the interference
(Scarpina & Tagini, 2017). The latter is a more complex task
and needs involvement of more neural substrate (Floden
et al., 2011). SCWT assesses executive functions that are
mediated by changes in the hemodynamics in prefrontal
cortex (Moriguchi & Hiraki, 2013). Executive functions
involve activation of many brain sites, such as the prefrontal
cortex (PFC), anterior cingulate, and parietal cortex (Scarpina
& Tagini, 2017). Acute exercise enhances the activity of
prefrontal cortex and involves activation in dorsolateral
prefrontal cortex and frontopolar area of prefrontal cortex
(Byun et al., 2014).

Previous literature shows that exercise increases
neuronal activity (Dalsgaard et al., 2002, Endo et al., 2013;
Cooper, 1973), improves cognitive performance (Cooper,
1973; Tsukamoto et al., 2016, 2017; Hashimoto et al;
2018) and exercise with sufficient intensity and duration
prolongs the exercise-induced improvement in executive
functions. In particular, high intensity intermittent exercise
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(HIIE) facilitates neuronal activation and excitation levels
(Hashimoto et al., 2018). HIIE is an exercise regime which
includes number of bouts of exercising at high intensities
(85-95% of HR max) (Helgerud et al., 2007) interspersed with
intervals of exercise at lower intensities (40-50% of HR max)
(Kravitz, 2014). HIIE is an exercise regime which motivates
young adults for continued engagement in exercise for its
behavioural, affective and cognitive outcome (Burn & Niven,
2018). Literature suggests that participation in high intensity
exercise is positively associated with existing cognitive health
and produces broader benefits on cognition (Tsukumoto et
al., 2016). However, studies determining the effect of HIIE on
brain areas involved in cognitive tasks are few.

Changes in the brain activation, associated with cognitive
improvement have been recently assessed by Functional
near infrared spectroscopy (fNIRS). It is an optical, non-
invasive method which measures changes in the cortical
hemodynamics and is suitable for assessing the effect of
acute exercise on changes in brain activation (Yanagisawa et
al., 2010). Kujach et al. (2018) examined the effect of short
duration transferable high intensity intermittent exercise on
CWST associated prefrontal cortex activation and they found
increased corticalactivation related to Stroop interference
on the left-dorsal-lateral prefrontal cortex (DLPFC) with
improved cognitive performance. However they could not
explain the difference in the activation during congruent and
incongruent task. Brain activation from simple to complex
tasks are needed to be evaluated as it may provide valuable
information about sports performance enhancement
through HIIE during formation of complex game strategies.
To our knowledge the studies determining the difference
in brain activation during congruent and more challenging
incongruent task as an effect of HIIE are less and needed
to be studied. Thus the aim of our study was to find if
HIIE has a role in modulating executive functions related
to inhibitory control as expressed by changes in prefrontal
cortex activation.

Materials and methods

Study Setup and Participants

The setup of the study was the Neuro Physiology Lab,
MYAS-GNDU Department of Sports Sciences and Medicine,
Guru Nanak Dev University, Amritsar, Punjab. Participants
were asked to volunteer from various departments of the
University. The study was randomized two group pre post de-
sign. The procedure of testing protocol was explained to the
participants thoroughly and written informed consent was
obtained from all participants. 40 healthy adults (24 females
and 16 males) aged between 18 to 30 years volunteered for the
study. They were randomly divided into HIIE group and con-
trol group (Table 1). The study was approved by Institutional
Ethical committee of Guru Nanak Dev University, Amritsar,
Punjab, India. (No. 158/HG; Dated 01/10/2019)

Study Criteria

Males and females participants between 18-30 years of age
were included for the study. All subjects were in intellectual
norm measured by measured by Multidimensional Aptitude
Battery-II and had IQ between 90-119. Participants were
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Table 1. Descriptive characteristics of participants

Descriptive Control group HIIE group
characteristics of p
participants n=20 n=20
Age (years) 24.12 +0.64 24.11+1.53 0.981
BMI 23.05 +3.59 22.25+2.40 0.458
Resting HR 81.00 +2.72 79224609 0460
(beats/min)
PSQI score 312+ 1.64 4.00 £1.65 0.293
IPAQ 1743.76 £ 1353.81 2559.58 +£1475.99 0.115
(MET*min/week) R ’ R ' '
1Q score 92.50 +9.47 92.55 + 13.56 0.992

Values of above variables are presented as mean + standard devia-
tion. There was no significant difference (p > 0.05) found on
comparison with independent t-test for the above mentioned
variables between control and HIIE group.

excluded if they answered yes to any of the questions of
Physical activity readiness questionnaire (PARQ), had a
history of cardio-respiratory or cerebro-vascular disease, had
a history of psychiatric or neurological disease, had done
strenuous activity or had a history of use of tobacco/nicotine
products such as cigarettes or chewing tobacco, had a history
of alcohol consumption 24 hours prior to the test, had poor
sleep (measured by Pittsburgh Sleep Quality Index) or had
consumed 2 or more than 2 cups of caffeine on that day or a
large meal for 2 hours before exercise.

Exercise protocol

HIIE protocol was of 4 bouts of 4 minutes (4x4) at 90-
95% HRmax with 3min active recovery at 70% HRmax (Hel-
gerud et al., 2007). HRmax (beats/min) was calculated by the
formula: (Fox et al., 2013; McArdle., 2010 p. 473)

HRmax = 206.9 - 0.67 - age (y)

Before training, 3 minutes of warm up was done and
training was followed by 2 minutes of cool down at the
pedalling frequency and intensity according to participant
preference between 8-12 grading of 20 pointed Borg’s Rating
of Perceived Exertion (RPE) scale. Participants cycled on
Lode Corival BV Groningen, The Netherlands against a work
load of 100-150 W and between 15-18 Borg’s RPE during
each high intensity bout and with no work load, average 89
RPM and 8-12 Borg’s RPE during recovery period. Heart
rate was monitored using Polar heart rate Monitor (Polar
Vantage V Pro Multisports Watch). Borg’s RPE grading was
noted after one minute of start of each high intensity bout
and after the end of each high intensity bout session. All
training sessions were conducted in neurophysiology lab of
MYAS-GNDU department of Sports Sciences and Medicine,
Guru Nanak Dev University, Amritsar, Punjab, India.

Cognitive testing

Cognitive functions were tested by Stroop Colour and
Word test. There was a gap of at least one week between pre
and post session in order to dilute the effect of learning of the
cognitive test.
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Colour and Word Stroop test

Colour-word Stroop test was used to assess executive
functions. It is a paper pencil based test which has 4 pages
of 5 by 20 matrixes of colour- word items (total 100 items).
First and second page included congruent stimuli, whereas
third and fourth page included incongruent stimuli. Subjects
were instructed to read the words across the column on each
page. On the first page participants were instructed to read
the words written with black inc above downwards. On the
second page participants were instructed to read the colours
by which XXXX’ are printed. The third page had 5 columns
of colour names (red, green, and blue), which were printed
in different colours. For this participants were instructed
to name the ink of each word, ignoring the word that was
spelled out. For example, if the printed word “red” appeared
in blue colour font, the word should be read “blue”. For the
fourth page participants were instructed to name the ink by
which the words were printed, ignoring the word which is
written but to read the word which is highlighted with the
box, ignoring its colour. The time taken and errors during
reading the 100 items were noted. Stroop testing was done
on following sessions: Pre HIIE and Post 10-15 min of HIIE.
These raw scores were converted into the variables of time
interference score, Average reaction time score and error in-
terference scores using following formulae:

Stroop interference score = CWS - [(CS+WS)/2]
Where, CWS - Colour word score, CS — Colour score and
WS - Word Score

Average reaction time = Summation of total time taken to
complete individual sheets/400

Error Interference score = CWE - [(WE + CE)/2]
Where, CWE - Colour word error, CE - Colour error and
WE - Word error

Evaluation of brain hemodynamics

A continuous wave functional near infrared spectroscopy
(fNIRS) System Brite Artinis 24, Netherlands, was used to
assess oxy and deoxy haemoglobin concentration of prefrontal
cortex during colour-word Stroop test. Hemodynamic
changes were recorded as oxy haemoglobin (oxy-Hb) and
deoxyhemoglobin (deoxy-Hb) in p mol, measured during
congnitive testing, before and after HIIE with participants
in sitting position. In order to establish a baseline (Fox et. al
2013) 10 s of fNIRS data was also be collected immediately
prior to starting of cognitive tests and also before HIIE
session. For baseline data acquisition participants were asked
to sit quietly and relax.

The fNIRS data was collected using a 24 channel
BriteArtinisfNIRS system configured into 3x3 optodes
patterns on each lateral side of prefrontal cortex. The optodes
were placed on head according to topographic probe layout
map along with the standard EEG 10/20 coordinate system
24 channel grids were placed to cover following Regions
of Interest (ROI) for each hemisphere: the dorsolateral
prefrontal cortex (DLPFC), ventrolateral prefrontal cortex
(VLPFC) and fronto-polar area (FPA) over prefrontal
cortex (figure 1). Participants’ heads were individually fitted
with a retaining cap (which was selected by measuring the
circumference of each participant’s head) and contained
all of the source and detector fibers (yellow: emitter and
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Lt. DLPFC

RtDLPFC

Rt.FPA

Rt. VLPFC Lt. VLPFC

Fig. 1. Region of interest in right and left Prefrontal cortex shown
by 3D cortical mesh view. (Rt. - right, Lt.-left)

Fig. 2. Schematic representation of arrangement of 24 channels

of fNIRS on prefrontal cortex shown on cortical 3D Mesh view.

Optodes were arranged according to topographic probe layout
map along with the standard EEG 10/20 coordinate system

blue: detector). This arrangement gave a total of 24 (12 on
each side) measurement channels, with an overall emitter-
detector separation of ~3 cm (Kalia et al., 2018) (figure 2). A
differential path length factor was calculated on the basis of
the exact age of the participant. There was a delay of at least
10 minutes after the HIIE cessation before taking the post
Hemodynamic data to ensure fading of physiological noises.
The Oxy-HB and DeOxy-Hb data was collected separately for
congruent and incongruent task.

The area over the scalp was identified as 6 region of
interests (ROI) for analysis with an area for the right DLPFC
which included channel number 5, 6, 9, 10, 11 and 12, a
second one over the right VLPFC which included channel
number 2, 3, 7 and 8, a third area over the right FPA which
included channel number 1 and 4, a fourth area over the
left DLPFC which included channel number 18, 20, 21, 22,
23 and 24, a fifth area over the left VLPFC which included
channel number 13, 15, 16 and 17 and finally a sixth area over
the left FPA which included channel number 14 and 19 over
the prefrontal cortex.

For fNIRS data, the pre-processing was conducted
using the open-source software HOMER2 implemented in
MATLAB. All recorded signals were first converted to optical
density for processing in the HOMER2 software. Channels
with low amplitude were excluded from group processing.
Signals were then processed by the principal component
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Fig. 3. Graphical Representation of the results showing changes
in the cognitive score of Colour word Stroop test in pre and post
session of control and HIIE group. The bars shows mean values of
(A). Interference score, (B). Average reaction time score and (C).
Error interference score. The error bars show standard error values

Post
HIIE ‘

Control

analysis method to remove systematic artifacts according to
methods described in previous literature (Tak & Ye, 2014).
The motion artifact threshold of more than 15 standard
deviations from the mean were identified and replaced with
spline interpolation based on preceding and subsequent
segment of the signals. Wavelet filtering was used to remove
motion induced sharp spikes as suggested by previous
literature (Jahani et al., 2018) such as wavelet filtering, are
excellent in removing motion-induced sharp spikes, the
baseline shifts in the signal remain after this type of filtering.
Methods, such as spline interpolation, on the other hand,
can properly correct baseline shifts; however, they leave
residual high-frequency spikes. We propose a hybrid method
that takes advantage of different correction algorithms. This
method first identifies the baseline shifts and corrects them
using a spline interpolation method or targeted principal
component analysis. The remaining spikes, on the other hand,
are corrected by smoothing methods: Savitzky-Golay (SG.
After this processing, the signals were then band pass filtered
with frequencies between 0.02 to 0.5 Hz to remove baseline
drift and physiological noises. Finally, these filtered signals
were converted to oxy and deoxy haemoglobin concentration
(n Mol.) data using modified Beer-Lambert law (Cope &
Delpy, 1988). Block averaging method was used to infer
changes in hemodynamic response across the participants.

Statistical analysis

Cognitive data of colour word Stroop test was analysed
for normality distribution using Shapiro-Wilk test. The data
was normally distributed hence two way ANOVA was done
to find interaction of stroop interference score; average reac-
tion time and error interference score for group (control/
HIIE) and sessions (Pre/post).
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Thepre-processed data obtained from fNIRS was sub-
jected to Shapiro-Wilk test in order to determine the normal-
ity distribution of the data. The data was normally distributed
and oxy and deoxy haemoglobin concentration data associ-
ated with cognitive task was subjected to three way ANOVA
test with group (control/HIIE), sessions (pre/post) and con-
dition (congruent/Incongruent) as factors to examine the
interaction between.

Results

Cognitive results

Two way ANOVA (figure 3) results showed a significant
difference between pre and post scores of Stroop interference
scores, shown by a significant interaction of group*session
(F1, 30 = 7.35, p = 0.008, partial n?= 0.76) for interference
score between the subjects. Average reaction time scores
showed a significant difference between the scores shown by
a significant effect of group (Fi, 30 = 20.85, p < 0.001, partial
n? = 0.588), and a significant interaction of group*session

(A) Right FPA
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1,000

Concentration
(1 mol.)

-1,000

-1,500

congruent | incongri

Control group ‘

post preg post
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Incongruent] |

HIIE group . ‘

m Oxy Hb
Deoxy Hb

-2,000

(B) Left VLPFC
2,500
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(mol.) m Oxy Hb

Deoxy Hb

,500
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P
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,800
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-,200
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Fig. 4. Graphical Representation of the results showing the
comparison of oxy and deoxy haemoglobin concentration during
congruent and incongruent conditions of pre and post sessions
of control and HIIE group. The hemodynamic variables (oxy and
deoxy haemoglobin concentration) were compared using three
way ANOVA. We found a significant interaction of group (control/
HIIE), session (pre/ post) and condition (congruent/ incongruent)
in the three areas of pre frontal cortex which are shown in the
above figure. (A) showing changes in the hemodynamic variables
of right FPA. (B) showing changes in the hemodynamic variables
of left VLPFC. (C) showing changes in the hemodynamic variables
of left FPA
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(Fi,3 = 10.791, p = 0.001, partial n*= 0.107). Error inter-
ference scores showed a significant main effect of session
(F1, 30 = 4.558, p = 0.035, partial n* = 0.048) and showed no
interaction of group with session.

Changes in cortical activation between
congruent and incongruent task

Three way ANOVA (figure 4) indicated a significant inter-
action of group (control/HIIE), session (pre/post) and condi-
tion (congruent/ incongruent) of only three (out of 6) areas
of PFC; right FPA(Foxy 0,152 = 31.45, p = 0.0001, Fuacoxy 01, 152 =
39.39, p = 0.0001), left VLPFC (Foxy 1,15 = 101.11, p = 0.0001,
Faeoxy (1,152 = 131.01, p = 0.0001) and left FPA (Foxy (1,152 = 56.34,
p = 0.0001, Faeoxy 1, 152) = 58.14, p = 0.0001). The results dem-
onstrated a greater activation (increased oxy haemoglobin
and decreased deoxy haemoglobin concentration) in incon-
gruent condition in response to HIIE. There was a decreased
activation (decreased oxy haemoglobin and increased deoxy
haemoglobin concentration) during congruent condition as
compared to control group.

Discussion

The current study was aimed to explain the role of HIIE
in enhancing brain activation during a more complex Stroop
interference task. The focus of the study was to find the differ-
ences in brain activation during congruent and incongruent
task during CWST as a result of HIIE. The result of the study
indicate that there is a significant increase in brain activation,
shown by increase in Oxy-Hb and decrease in DeOxy-Hb
in right frontopolar area (FPA), left ventrolateral prefrontal
cortex (VLPFC) and left frontopolar area (FPA).

The HIIE group showed improved executive function per-
formance with decreased interference and decreased reaction
time after the HIIE intervention reflecting a greater speed of
processing with improved accuracy in response. These results
are consistent with the findings of previous studies (Yanagi-
sawa et al., 2010; Kujach et al., 2018; Hyodo et al., 2012; Tsuka-
moto et al,, 2016) which explained a greater improvement in
Stroop incongruent performance as a result of exercise inter-
vention in young adults. These behavioural results coincided
with increased activation of PFC areas in our study.

The increased activation is demonstrated in the current
study by increased Oxy-Hb and decreased DeOxy-Hb in the
region of interest. The information regarding both Oxy-HB
and DeOxy-HD is imperative as Oxy-Hb gives the informa-
tion about delivery of oxygen in the particular area and De-
Oxy-Hb provides information about oxygen utilization by the
neural tissue during activity (Lambrick et al., 2016; Herold et
al., 2018). Moreover changes in DeOxy-Hb is considered a
more sensitive indicator of overall neural process since unlike
Oxy-Hb it is less affected by extra-cerebral processes (Seidel
et al., 2019) like heart beat and increase in scalp blood flow.
Thus both Oxy-Hb and DeOxy-Hb variables of the hemody-
namics were included for the evaluation of cortical activation.

The fundamental mechanism of the acute exercise effect
has been explained by a sudden increase of neural substanc-
es such as lactate, cortisol, neurotrophins, neurotransmit-
ters, and neuromodulators (Basso & Suzuki, 2017), as well
as increases in regional cerebral blood flow (CBF) follow-
ing acute exercise (Bae & Maasaki, 2019; Querido & Sheel,

2007; Pontifex et al., 2009b). Exercise interventions with
various modulations such as low intensity exercise (Byun et
al., 2014), moderate intensity exercises (Hyodo et al., 2012),
resistance exercises (Herold et al., 2019)physical capabilities
(e.g., muscular strength and transferable high intensity inter-
mittent exercise (Kujach et al., 2018) have been used previ-
ously to examine the effect of acute exercise interventions on
the hemodynamic functions of the cortical areas related to
CWST performance. All these studies have found an increase
in the activation in areas of PFC associated with an improved
CWST performance, specific to the type of exercise interven-
tion used.

Our study was the first to examine the difference in the
activation during congruent and incongruent CWST task
in response to HIIE and we found a significant increase in
the activation during the incongruent task indicating the fa-
cilitation effect of HIIE on executive function. Our results
showed a decreased activation during the easier task whereas
increased the activation during a complex task in response to
HIIE.Further work is required to understand the changes in
brain activation while performing simple to complex cogni-
tive tasks in the population of different age groups and vari-
ous sports disciplines.

Conclusions

We conclude that introduction of HIIE intervention
causes greater activation of prefrontal cortex areas involved
in maintenance of executive functions. We found evidenc-
es of increased cortical hemodynamics in the area of right
FPA, left VLPFC and left FPA during incongruent CWST
in response to HIIE session. Thus it is suggested that the
HIIE protocol plays a role in increasing activity of prefrontal
cortex while performing more complex executive function-
al tasks and hence recommended to improve the cognitive
performance.
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BMJINB NEPEPUBYACTUX BIPAB BUCOKOI IHTEHCUBHOCTI
HA NOJINWEHHA AKTUBALII MO3KY Y BUKOHAHHI
CKNAAHUX OYHKUIOHAJIbHUX 3ABAAHDb

IlBera llenoit'A“P, [Ipaui Xangekap'**“P, A6xinas Cate'ABCP

"VuiBepcuter I'ypy Hanaxk JleB

ABTOpCHKNMI BKIAJ: A — Au3aiiH gocmipkeHHs; B — 36ip ganux; C — crataHanis; D — migroroska pykormcy; E — 36ip kowtis

Pedepar. Crartst: 7 c., 1 puc., 4 Tabn., 33 mxepern.

Kinpka focrmifikeHpb HelipoBisyaisaliii BMBYayu BIVIUB Pi3-
HYX TUIIB Ta KOMOiHaMLil BIIpaB Ha aKTMBALII0 MO3KY, IIOB A3aHi
3 KOTHITMBHMM TeCTyBaHHAM, ajie )KOJHEe 3 LIMX JOCTi/>)KeHb
He BMBYAJIO PO/Ib BUCOKOIHTEHCHMBHUX iHTEPMITYIOUMX BIIPaB
(HIIE) y 3MiHi akTuBalil KOpY Biff IPOCTUX IO CKIAJHUX KOT-
HITUBHNX 3aBIaHb.

MeTo0 I[bOTO FOCTiXKeHHs OyI10 3'ACyBaTH, 4i Bifirpae
ponb HIIE B MopgynAnii BUKOHaBYMX (byHKuiIZ, IIOB'A3aHNUX 3 iH-
ri0yrunM KOHTPOJIEM, 110 BYPAXKAEThCA 3MiHAMM B aKTMBALil
npedponranpHoi kopu (PFC).

Marepianu i meTogu. Y pociigkeHHi B3sAnu y4yactb 40
3[I0POBUX JOPOCIUX /Iofiell BikoM Bix 18 mo 30 pokis. Boun
Oy BUIIaIKOBMM YMHOM pospineHi Ha rpyny HIIE (n = 20) ta
KOHTpONbHY (n = 20) rpymy. Ipyna HIIE BukonyBana 4 * 4 xB
BIIPaB BUCOKOI iHTEHCMBHOCTI Ha BEOEProOMeTpi 3 3 XBUIN-
HaMM aKTMBHOTO BiJJHOB/IEHHS, TOJi K KOHTPOJIbHA IpyIia He
BUKOHYBasa BIpas. [Ipe¢ponTanpHy reMopmHamiky (okcu- Ta

1e30KCUTeMOII06iH) OLiHIOBA/IM 3a JOIIOMOTOK0 (yHKIIIOHAIb-
HOI O/mKHBOI iH(padepsonoi criekrpockomii (NIRS) mix gac
Konboposoro Tecty Stroop (CWST) Ha ABOX ceaHcax: mepef
CeaHCOM Ta MIC/sI ceaHcy (depes 1 TVDK/eHb MiC/Is CeaHcy).

Pesynbraru. PesynbraTyt BKas3yloTb Ha 3HAUHY Pi3HUIIIO B
nokasHnkax CWST, ska cniBmana 3i 3HaYHOI pi3HUIEIO B Te-
MopuHaMili PFC Mi>k KOHTpyeHTHMMU Ta CKIaJHMMU HeBifo-
BigHuMu 3aBpannaMu y rpyni HIIE. I1ig yac iHKOHrpyeHTHOTrO
3aBJjaHHA y Bifnosigb Ha roctpuit HIIE criocTepiranacs 6inpina
aKTMBALisI TIPaBoI I060BO-TIOJISIPHOI 06/1acTi, 1iBOi BeHTpO/a-
TepaibHOI MpePOHTANBHOI KOPHU Ta JIiBOI T000BO-TIOIAPHOI
obmacri.

Bucnosku. HIIE Bifirpae ponb y sMiHi akTuBanuii MosKy mif
9ac Oi/IbII CK/IaTHOTO 3aBJJaHH, TI0B’A3aHOTO 3 BTPYYaHHAMI.

Knrouosi cnosa: HIIE, fNIRS, npedpoHnTansha Kopa, Ko-
TIbOPOBUIL TeCT Stroop, Mi3HaHHS.

Information about the authors:
Shenoy, Shweta: drshweta.sportsmed@gmail.com; https://orcid.org/0000-0001-5091-5784; MYAS-GNDU Department of Sports
Sciences and Medicine, Guru Nanak Dev University, Amritsar, Punjab, 143005, India.
Khandekar, Prachi: dr.prachiphysio@gmail.com; https://orcid.org/0000-0002-1510-7164; MYAS-GNDU Department of Sports
Sciences and Medicine, Guru Nanak Dev University, Amritsar, Punjab, 143005, India.

Sathe, Abhinav: dr.abhinavsathe@gmail.com; https://orcid.org/0000-0002-4880-8522; MYAS-GNDU Department of Sports
Sciences and Medicine, Guru Nanak Dev University, Amritsar, Punjab, 143005, India.

Cite this article as: Shenoy, S., Khandekar, P, & Sathe, A. (2021). High Intensity Intermittent Exercise Plays a Role in Improving
Brain Activation During Complex Executive Functional Tasks. Teorid ta Metodika Fizicnogo Vihovannd, 21(1), 36-42.

https://doi.org/10.17309/tmfv.2021.1.05

Received: 25.12.2020. Accepted: 20.03.2021. Published: 25.03.2021

This work is licensed under a Creative Commons Attribution 4.0 International License

(http://creativecommons.org/licenses/by/4.0).

TM®B, 2021, Tom 21, Ne 1



Diachenko, A., Rusanova, O., Guo, P, Kong, X., Huang, Z., & Guo, J. (2021). Characteristics of the Special Physical Fitness of
Paddlers at a Distance of 200 m. Teorid ta Metodika Fizicnogo Vihovannd, 21(1), 43-49. https://doi.org/10.17309/tmfv.2021.1.06

ISSN 1993-7989 (print). ISSN 1993-7997 (online)

ORIGINAL SCIENTIFIC ARTICLE

CHARACTERISTICS OF THE SPECIAL PHYSICAL FITNESS
OF PADDLERS AT A DISTANCE OF 200 M

Andrii Diachenko'45¢P, Olga Rusanova®*®, Pengcheng Guo**,

Xianglin Kong*®¢, Zijian Huang®¢, Jia Guo®*

2>6National University of Ukraine on Physical Education and Sport

*4Jiangxi Normal University

Authors” Contribution: A - Study design; B - Data collection; C - Statistical analysis; D - Manuscript Preparation; E - Funds Collection

Corresponding Author: Olga Rusanova, E-mail: rusanova2080@gmail.com

Accepted for Publication: March 20, 2021
Published: March 25, 2021

DOI: 10.17309/tmfv.2021.1.06

Abstract

The aim of the study. The overall goal of this manuscript was to gain a better understanding of differences in the level
of functional support for special endurance for paddlers of uniform groups (in terms of sports qualification): men
kayakers, men canoeists, and women kayakers who specialize in a distance of 200 m.

Material and methods. 20 qualified paddlers’ level of functionality is being assessed, among them are a group of elite
athletes, the members of the Chinese national team and winners of the 2018 Asian Games.

Results. The important feature of the analysis is the evaluation of the structure of the ergonomic power of a 30-second
maximum load. Estimating the average value of the ergometric power of work for 25-30 seconds of operation in
accordance with the average power of the entire 30-second load made it possible to determine the ratio of the
anaerobic alactic and lactic abilities of the athletes, taking into account the requirements of a 200-meter race for canoe

and kayak paddlers.

A significant range of individual differences in the indices of reactive properties of the cardiorespiratory system, which
are determined by the ratio of the partial pressure of CO, and the maximum level of pulmonary ventilation (V/PaCO,)

during thel0 and 30 second test task, attracts attention.

The range of V/PaCO, indicators was: the relation of partial pressure CO, to pulmonary ventilation in the 10 s test - 2.3 +
0.8 for men kayakers; 2.3 + 0.7 for men canoeists; 2.2 + 0.5 for women kayakers; the relation of partial pressure CO, to
pulmonary ventilation in the 30 s test — 3.9 + 1.0 for men kayakers; 3.8 + 1.1 for men canoeists; 3.6 + 0.7 for women kayakers.
Conclusion. The results of the study indicate differences in the level of functional support for special endurance for
paddlers of uniform groups (in terms of sports qualification): kayakers and canoeists who specialize in a distance of

200 m.

Keywords: paddlers, aerobic energy supply, anaerobic energy supply, special performance.

Introduction

At present, there is no doubt that all athletes who have
achieved high sports results have a high functional potential,
which is characteristic for the kind of competition in canoe
and kayak rowing (Kong et al., 2018; Lopez-Plaza et al., 2019;
Kong et al.,, 2020). In many respects, the functional potential
of paddlers on canoes and kayaks is determined by the avail-
ability of high capacity energy supply systems (Tesch, 1983;
Sheykhlouvand et al., 2018; Pickett et al., 2018; Paquette et
al., 2018). The system for diagnosing the power of the energy

© Diachenko, A., Rusanova, O., Guo, P, Kong, X., Huang, Z.,
Guo, J., 2021.
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supply system for paddlers of high qualification at different
distances is presented before (Garcia-Pallarés et al., 2009;
Guo et al., 2020; Diachenko et al., 2020).

Previous research has shown the predictive power of
V'O, max, maximal aerobic power (MAP), lactate thresh-
old (LT,), the energy cost of kayaking per unit distance for
1000, 500 and 200-m performance in Kayak athletes from
national to international level (Fry & Morton, 1991; Bishop
et al. 2002; van Someren & Howatson, 2008; Zamparo et al.,
1999; Borges et al., 2015). In addition to a large contribu-
tion of the aerobic system, Kayak athletes, also benefit from
higher anaerobic capacities. Indeed, Sprint Kayak intensities
are typically contested above lactate threshold, showing that
energy is also provided from non-oxidative sources.
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Elite level paddlers have a lactate threshold ~80%
VO,max and a high V'O, max. In addition, the contribution
of the aerobic system to the energy production has been es-
timated as ~37, 65 and 84% for 200, 500 and 1000-m respec-
tively (Borges et al., 2015).

Moreover, several studies have shown that anaerobic
capacities such as peak power, total work and peak lactate
concentration in a 30-s “all-out” effort on kayak ergometer all
have large-to-very large correlations with 200, 500 and 1000-
m on-water performance (van Someren & Palmer, 2003; van
Someren & Howatson, 2008; Borges et al., 2015).

However, the relationship of other fitness variables such
as the respiratory system reactance to the increase of meta-
bolic acidosis parameters and 200 -m Sprint Kayak perfor-
mance in well-trained athletes has yet to be explored (Borges
etal., 2015).

The training practices require review, especially in the
case of qualified paddlers, as this group may begin to special-
ise their training toward this new format (Dyachenko, 2007;
Kong et al., 2019).

The aim of the study: gain a better understanding of differ-
ences in the level of functional support for special endurance
for paddlers of uniform groups (in terms of sports qualifica-
tion) for men-kayak, for men-canoe and for women-kayak
that specialize in a distance of 200 m.

Material and methods

Subject

Depending on the purpose of the research phase, the
theoretical and experimental parts of the research were con-
ducted at different training periods at the national aquatic
sports training centers in Beihai, Zhizhao (PRC). 20 qualified
paddlers are in the process of assessing the level of function-
ality, among them a group of elite athletes, the members of
the Chinese national team and winners of the 2018 Asian
Games.

Research protocol

Physical Characteristics, Gas exchange, HR, and blood
lactate measurements.

Minute ventilation (V'g), oxygen consumption (V'O,),
CO, production (V' CO,), were determined on a breath-by-
breath basis using an Oxycon mobile (Jaeger) metabolimeter.
The metabolic unit was calibrated a gas of known composi-
tion (16.00% O,, 4.00% CO,), respectively.

HR was recorded every 5 s with an HR monitor (S610
Polar Electro, Kempele, Finland).

The blood lactate concentration ([La]b) was determined
using a portable lactate analyzer (Biosen S. line lab +) on a
blood sample obtained from the ear lobe at the end of the test.

A modified kayak-ergometer (Dansprint PRO, Denmark)
was used. Ergometric power (EP) of work were recorded.

All the sportsmens performed an incremental exercise
test on separate days, with at least 24 hours and no longer
than 3 days between.

Depending on the purpose of the research phase, the
theoretical and experimental parts of the research were con-
ducted at different training periods at the national aquatic
sports training centers in Beihai, Zhizhao (PRC).

The testing program is built in the form of test battery,
each test solving a task to assess certain component of an-
aerobic abilities of athletes and cardiorespiratory system re-
sponse. Test tasks were performed in a strictly determined
sequence. It was important to preserve the parameters of the
ergometric power of work which provided for the energy re-
lease in anaerobic alactate and anaerobic lactate (glycolytic)
way, as well as the length of the rest intervals. The rest interval
between 30 s and 90 s and work with maximum intensity
provided the conditions for the release of lactic acid into the
blood and the increase of the concentration of blood lactate
in the muscles before the final maximum work.

Table 1 presents the control system and the content of
test tasks to determine the quantitative characteristics of the
main components of functional support of sprint paddlers.

Table 1. Characteristics of the indicators of functional support for special endurance of paddlers at a distance of 200 m

Test or period of indicator

Indicators
measurement

Characteristics of the indicators

Standard work, 6 min

Training impulse, T, c.u.

Watts mean 10 s
Watts mean 30 s

Watts mean 25-30 s
Watts mean 90 s
Lactate, mmol-1"!
V/PaCO,

VO, max, ml-min-kg"

HR Restoration to 120 bps™!

Test 10 s, maximum work

Test 30 s, maximum work

Test 90 s, maximum work

after the test task

Test 10 s, maximum work
Test 30 s, maximum work

Test 90 s, maximum work

During 3-5 minutes of restoration
period after the last test task

The degree of intensity of functional support of work
Paddlers’ work release during the realization of anaerobic alactate

energy supply

Paddlers’ work release during the realization of the power of anaerobic
lactate (glycolitic) energy supply

Work release during the peak period of the power of anaerobic lactate
(glycolitic) energy supply

Paddlers’ work release during the realization of the capacity of anaerobic

energy supply
Integral physiological characteristics of power and capacity of anaerobic

energy supply

Respiratory system reactance to the increase of metabolic acidosis

The Paddlers’ ability to reach maximal aerobic power under conditions
of training and competitive loads of sprinting type

The degree of intensity of functional support of work
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The testing program was built in the form of test battery,
each test solving a certain task. Test tasks were performed in
a strictly determined sequence.

It was important to preserve the individual maximum
parameters of the ergometric power of work and the length
of the rest intervals. The rest interval between 10 and 30 s
work was one minute, between 30 s and 90 s work - five
minutes. This provided for a full recovery and diagnostics of
the structure of the reaction of anaerobic energy supply of
sprint paddlers - anaerobic alactate and lactate (glycolytic)
power, anaerobic capacity. The test program also created the
conditions for the display of the cardiorespiratory system
reactive properties and the power of aerobic energy supply
for the work.

It is noteworthy that in the assessment system presented
in the table there are no indices of the degree of stress of the
cardiorespiratory system of the body in the process of work —
the parameters of the training impulse and the rate of recov-
ery of the organism. This is due to the fact that the evaluation
criteria are of an individual character and are considered in
the dynamics for each particular athlete. They indicate the
state of the athlete’s body in the process of monitoring their
functional abilities.

The research related to human use has complied with al
the relevant national regulations and institutional policies;
has followed the tenets of the Helsinki Declaration, and has
been approved by the authors’ institutional review board or al
equivalent committee. Informed consent has been obtained
from all individuals included in this study.

Statistical Analysis

The following methods of mathematical statistics were
applied: descriptive statistics, selective method, Shapiro-
Wilk’s normality test, non-parametric Mann-Whitney test.
Methods of descriptive analysis were used, including tabu-
lar presentation of separate variables, calculation of mean
arithmetic value (M), standard deviation (SD). The sam-
ple data for normality were tested with the normal distri-
bution formula and the Shapiro-Wilks test. The level of p
< 0.05 (the probability of error) was assumed statistically
significant.

Results

The indicators of the functional abilities of sprint pad-
dlers, presented in Table 2 characterize high (unique) re-
quirements for the level of development of specific aspects of
functional support for special performance efficiency of pad-
dlers at a distance of 200 m. This is indicated by the average
values of the indices of paddlers from a homogeneous group,
as well as by the data characterizing the functional abilities
of sprint paddlers who have the highest sport results in the
international arena. These data are systematized as a result
of long-term observations of the leading athletes of China.

The range of the three highest indicators was:
aerobic power (VO, max) in the range of 68.3-
70.1 ml-min"-kg' for men; 66.0-68.4 ml-min"-kg" for
women;
maximum lactate concentration in blood (La max)
- 20.5-22.0 mmol-l"! for men, 17.5-19.1 mmoll! for
women;
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Table 2. Specific indicators of the functional abilities of
highly qualified paddlers specializing in a distance of 200 m
(n =20), p < 0.05

Values of Thehighest Reduced
Indicators indicators values of  values of
(M £SD) indicators* indicators**
Values of indicators for men - kayak
VO, max, ml-min"kg" 65.1 +2.6 65.1 56.9
V/PaCO, 10's 2.3+0.8 3.2 1.3
V/PaCO,30 s 39+1.0 5.1 2.5
La max, mmol-I"! 18.0+1.2 21.2 14.7
W10 s, Watt 555.8+£9.5 570.0 527.0
W30 s, Watt 495.0£10.2 512.0 460.0
xﬁ 30s-30softest, 55400 5420 4750
W90, Watt 2783+ 13.1 295.0 256.0
Values of indicators for men - canoe
VO, max, ml-min"'kg" 65.5+2.4 65.5 55.3
V/PaCO, 10's 23+0.7 3.3 1.4
V/PaCO,30 s 3.8+ 1.1 5.2 2.9
La max, mmol-l"! 173 +1.0 20.9 16.2
W10 s, Watt 460.1 £ 6.9 480.0 454.0
W30 s, Watt 425.6 £ 14.3  443.0 405.0
szjti 30s-30softest 4411400 4660 4250
W90, Watt 269.0 £ 10.0 290.0 246.0
Values of indicators for women - kayak
VO, ma,, ml-min"-kg"’ 60.4 +2.7 61.2 50.3
V/PaCO, 10's 2.2+0.5 3.0 1.4
V/PaCO,30 s 3.6+0.7 4.6 2.4
La max, mmol-]! 169+1.2 19.0 11.2
W10 s, Watt 325.5+3.0 333.0 303.0
W30 s, Watt 300.5+£9.0 321 266
xﬁso s-30softest, 3100470 370 290
W90, Watt 177.5+6.1 191.0 155.0

Note. * - the indicators of the most successful athletes on the
domestic and international arena; ** — indicators of the least
successful athletes in the group of athletes
o average energy power of the work during 10 s test

580.0-610.0 Watts for men- kayak, 470.0-490.0 Watts

for men - canoe, 330.0-345.0 Watts for women;
average energy power of the work during 30 s test for
men-kayak 505.0-535.0 Watts, 430.0-450.0 Watts for
men-canoe, 305.0-320.0 Watts for women;

average energy power of the work during 25-30 s of

30 s test for men-kayak 530.0-540.0 Watts, 445.0-455.0

Watts for men-canoe, 320.0-330.0 Watts for women;

average energy power of the work during 90 s maximal

test for men-kayak - 380.0-400.0 Watts, 390.0-415.0

Watts for men-canoe, for women (60 s test) — 280.0-

300.0 Watts.

The range of V/PaCO, indicators was:

o the relation of partial pressure CO, to pulmonary

ventilation in 10 s test — 2.3 + 0.8 for men-kayak;
2.3 £ 0.7 for men-canoe; 2.2 £ 0.5 for women-kayak;
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o the relation of partial pressure CO, to pulmonary
ventilation in 30 s test — 3.9 + 1.0 for men-kayak;
3.8 + 1.1 for men-canoe; 3.6 + 0.7 for women-kayak.

The data presented in the table indicate that the group
is homogeneous. This is evident from the low individual dif-
ferences in the indices of the power supply system and the
performance efficiency of the paddlers. At the same time, a
significant range of individual differences in the indices of
reactive properties of the cardiorespiratory system, which are
determined by the ratio of the partial pressure of CO, and the
maximum level of pulmonary ventilation (Vz/PaCO,) during
10 and 30 second test task, attracts attention.

Analysis of individual paddlers’ data has established a
trend in which the highest level of performance of sprinter
paddlers is displayed under the condition of high response
of the cardiorespiratory system. In this case, we are talking
about the initial “neural” part of the reaction (in the test of
10 seconds) and the respiration reaction on the increase in
metabolic acidosis during the 30-second test task. It is impor-
tant to note that the characteristics of CO, emissions (VCO,,
I'min™) in the group of athletes did not differ significantly.
The range of individual differences (CV) of VCO, was in the
range of 6.3-6.7% for all categories of paddlers.

Analysis of the individual data of the five paddlers who
had high scores (x > M) and five paddlers who had reduced
scored (x < M) for performance as a result of execution of all
the test tasks showed the differences in the performance of
the paddlers, and the differences in physiological reactivity of
the organism to the specific loads of sprinter paddlers.

They are presented on the basis of assessment of the per-
formance and reactivity of the respiratory system of leading
sprinter paddlers, prize-winners and participants in the finals
of the world championships and the Olympic Games.

The analysis also showed that a decrease in the reactivity
of the respiratory system to the growth of acidic shifts is a fac-
tor in reducing the possibility of realizing individual indices
of aerobic and anaerobic power of energy reactions.

This is evident from the ratio of the indices of PaCO,,
VO, max (under special diagnostic conditions of VO, max)
and the highest VO, value reached in the testing of the func-
tion of the sprinter paddlers (VO, maxgyines). The results of
testing the paddlers, which had a ratio of VO, maxines/ VO,
max at high — 90% and higher, reduced - 80.0% and lower
than the indicator level, were being analyzed.

It is interesting to note that most of the leading athletes (6
out of 7) had higher levels of lactate concentration in special
test tasks for sprinter paddlers. The level of lactate concentra-
tion in the seventh athlete as a result of the application of test
tasks for the registration of VO, max and when performing
the sprint test program was practically the same. A distinctive
feature of the reaction of the organism of these athletes was a
higher respiration rate on 10 s and 30 s of the load compared
to the group of paddlers (n = 8), who had lower performance
indicators. Differences were up to 41-52% in the test of 10 s
and 49-63% in the test of 30 s.

An important feature of the analysis was the comparison of
the ergometric power performance in 30 seconds and in the pe-
riod of 25-30 seconds of execution. Athletes with a high level of
functional preparedness, had all the performance characteristics
presented at a pronounced high level. This indicated a balanced
character of the manifestation of anaerobic alactate and anaero-
bic lactate capacity in the overall energy balance of execution.
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Discussion

The Kayak program at the Olympic Games has changed
with the inclusion of the 200-m events for both men and
women. Up to and including the 2008 Beijing Olympics,
male Sprint Kayak athletes had competed over 500 and 1000-
m races and women over 500m only. However, at the 2012
games the 200-m for men and women was included at the
expense of the men’s 500-m program. Due to the larger dif-
ference in raced distances in the new program, male athletes
were required to focus their training and specialize in either
the 200-m or 1000-m event and to date, little is known if
women can focus on both the 200-m and 500-m. However,
there is presently relatively little available empirical data on
the race profiles and physiological demands of these events
to inform coaches and scientists to develop evidence-based
training programs for young developing athletes to compete
in these events (Hagner-Derengowska et al., 2014; Kong et
al., 2019). At the elite level, the men’s individual Sprint Kayak
race durations are approximately 35 and 204 s for the 200
and 1000-m, respectively. Further, for women’s the 200-m
lasts 39 to 40 s and K1 500 m performances range from 107
to 120 s for the winners. Additionally, men and women also
have crew competitions with faster performances in K2 and
K4 crafts for all these distances (200, 500 and 1000-m). It
Sprint Kayak is an Olympic sport that requires the athletes
to compete over 200-m (~35 s), 500-m (~110 s) and 1000-m
(~215 ) in individual, double and four-seat boats (Bishop,
2004; van Someren & Howatson, 2008; Borges et al., 2015).

Well-trained Kayak athletes complete maximal 200-m
time trials ~36.9-43.1 s, maintaining a mean power output of
~546 W, with an accumulated oxygen deficit of ~48.8 ml O2
Eq.kg-1. Conversely, 1000-m time trials last ~216-248 s with
a mean power and accumulated oxygen deficit of ~226 + 30
W and an ~31.0 ml O, Eq.kg™, respectively (van Someren &
Palmer, 2003; Borges et al., 2015). These findings suggest elite
Kayak athletes require specialised training programs, which
vary in effort duration and effort to help optimally prepare
them for specific race distances. However, at present there is a
poor understanding of the appropriate training sessions that
meet the demands of each of Kayak racing.

Sprint Kayak athletes have presented scores for absolute
VO, max of 3.9 + 0.7 (2.9-5.0) L-min™ and relative 56.9 =+
8.5 (44.6-68.6) mL-kg'-min™ (Bishop et al., 2002, Garcia-Pal-
lares et al., 2010; Borges et al., 2015). Unfortunately, accurate
comparison between studies is difficult as various exercise
protocols, exercise modes and equipment have been used
to measure these capacities. Nonetheless, based on current
evidence, it seems that Sprint Kayak athletes would benefit
from a well-developed aerobic system as the longer races are
contested close to V'O, max (Jones & Burnley, 2009; Bishop,
2004).

Many authors have shown that other aerobic character-
istics, such as maximal power output at V'O, max level and
anaerobic traits like power produced during 30 s and 2-min
and the accumulated oxygen deficit (Bishop, 2004; van Some-
ren & Palmer, 2003, van Someren & Howatson, 2008) relate
to Sprint Kayak performance, highlighting the importance of
developing both metabolic pathways for competitive success.

Reports from laboratory studies showed that, despite
similar blood lactate responses (~9.6 + 1.6 mmol-L"), the
shorter duration events (30 s maximal efforts) have higher
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anaerobic oxygen deficit (~29% higher) compared to 120 s
maximal efforts (Bishop, 2004; van Someren & Palmer, 2003).

The results van Someren and Palmer (2003) demonstrate
that superior upper body dimensions and anaerobic capaci-
ties distinguish international-level kayakers from national-
level athletes and may be used to predict 200-m performance.

A training program with either excessive or insufficient
training load may impair the training-induced adaptations.
In order to monitor the athletes, there is the need first to
objectively quantify the training loads with proper and valid
methods (Carter et al., 2000; Impellizzeri et al., 2005; Nicolas
et al., 2006; Poole et al., 2008; Simoneau, 1998).

An important feature of the assessment of the effect of
the above-mentioned physiological stimuli of reactions is
that paddlers with high qualifications and at the same high
level of humoral stimulation, the kinetics of the reaction are
distinguished by the rates of deployment and recovery of the
cardiorespiratory system and aerobic energy supply, their
mobility under conditions of increasing fatigue (Nakazono
& Miyamoto, 1987; Miyamoto et al., 1987; Diachenko, 2004).

Conclusion

The important feature of the analysis is the evaluation of
the structure of the ergonomic power of a 30-second maxi-
mum load. Estimating the average value of the ergometric
power of work for 25-30 seconds of operation in accordance
with the average power of the entire 30-second load made it
possible to determine the ratio of the anaerobic alactate and
lactate abilities of the athletes, taking into account the re-
quirements of a 200-meter race for canoe and kayak rowing.

A significant range of individual differences in the in-
dices of reactive properties of the cardiorespiratory system,
which are determined by the ratio of the partial pressure of
CO2 and the maximum level of pulmonary ventilation (VE/
PaC0O2) during 10 and 30 second test task, attracts attention.

The range of V/PaCO, indicators was:

o the relation of partial pressure CO, to pulmonary

ventilation in 10 s test — 2.3 + 0.8 for men-kayak;
2.3 £ 0.7 for men-canoe; 2.2 £ 0.5 for women-kayak;
o the relation of partial pressure CO, to pulmonary
ventilation in 30 s test - 3.9 + 1.0 for men-kayak;
3.8 £ 1.1 for men-canoe; 3.6 + 0.7 for women-kayak.

Thus, the results of the studies indicate differences in the
level of functional support for special endurance for paddlers
of uniform groups (in terms of sports qualification) for kay-
aks and canoes that specialize in a distance of 200 m.
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XAPAKTEPUCTUKN OYHKLIIOHAJIbHOI'O 3ABE3MNEYEHHA
CNEUIAJIbHOI NPALUE3AATHOCTI CMOPTCMEHIB, AKI CIIELIIANI3YIOTbCA
HA ANCTAHLUII 200 m Y BECJTYBAHHI HA BAUAAPKAX | KAHOE

Auppiit [Isryenko'5P, Onbra Pycanosa**?, Ilenuen Io*®¢,

Canninp Kyn*®S, lsunzanp Xyan>®¢, I3a o€

125 HarioHanpHMiT yHiBepcuTeT Pi3MIHOr0 BUXOBAHHA Ta CIIOPTY YKpaiHu

*[lemaroriuamit yHiBepcureT [I3s1HCi

ABTOpCHKNMI BRI A — au3aiiH gocmipkeHHss; B — 36ip ganux; C — crataHanis; D — migroroska pykormcy; E — 36ip kowtis

Pegepar. Crarrsa: 7 c., 2 Tabn., 30 mxepert.

Mera pocmigKeHHA — BMU3HAYMUTH BiJMiHHOCTI y piBHi
¢$yHKIIOHAIBHOTO 3a0e3IedeHHsI ClIelia/IbHOI IIPalle3faTHOCTI
BeCTyBaJIbHMKIB OHOPITHMX TPyH (32 CHOPTUBHOIO KBaidi-
KAaIli€r) s ‘IO)IOBiKiB—6aI7[JIapO‘IHI/IKiB, YO/IOBiKiB-KaHOICTiB
i xiHOK — 6alijlapOYHMIIb, SAKi CIEIiaMTi3yl0TbC Ha JUCTAHIIT
200 M y BecryBaHHi Ha Gaiijapkax i KaHoe.

Marepianu i Mmetomu. Y gocmimpkeni 6panu ygacts 20 KBa-
ni¢iKoBaHMX BeCTYBa/IBHUKIB, CEPef SIKMX eTiTHI CIIOPTCMEHN,
wieHn 36ipHoi komaHay Kuraro Ta mepeMoxxiyi A3iaTChKux irop
2018 poxky.

Pesynbraru. Baxxn1mnBoro 0co6MMBicTIO aHATI3y € OIiHKa
CTPYKTYPU €pPrOMETPUYHOL MOTYXXHOCTI 30-CEKyHIHOrO MaK-
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CUMaIbHOTO HaBaHTaKeHHA. OIiHKa cepeJHbOr0 3HauYeHH: Iiamason mokasHukiB Vi/PaCO, cTaHOBMB: BigHOIIEHHS
€ProMeTPUYHOI MOTY>KHOCTI pobotn 3a 25-30 CEeKyHI pobotu  mapuiazbHOrO tucky CO, Ta nereHesoi BeHTMnALii 3a 10 ¢ -
BIITIOBIJHO 70 cepefHbOI MOTYXXHOCTI BCboro 30-cekyHpHoro 2,3 + 0,8 1 4omoBikiB-6aiijapoynukis; 2,3 + 0,7 s 4omo-
HaBaHTa>XKeHHs JO3BO/IV/IA BU3HAYMUTH CIiBBiJHOIIEHHS aHa- BiKiB-KaHOICTiB; 2,2 * 0,5 m1st )XiHOK — 0ailfapOYHMIb; Bifi-
epOOHMX a/llaKTaTHUX 1 JIAKTaTHUX CIIPOMOXKHOCTENl CIIOPT-  HOIIeHHs mapuianbHoro Tucky CO, Ta jereHeBol BeHTUIALIT
CMeHIB 3 ypaxXyBaHHJIM BMMOT 3MarajpHOI Aucrannii 200 My 3a 30 ¢ - 3,9 £ 1,0 a5t 9onoBikiB-6aiigapodHukis; 3,8 + 1,1 as
BeCTyBaHHI Ha baiijapKax i KaHoe. 94OJI0BiKiB-KaHOICTIB; 3,6 + 0,7 /i1 XiHOK-0ali/fapO4HNIIb.
3acyroBye yBaru fianasoH iHjuBiiyaqbHIX BifMiHHOCTEI BucnoBok. Pesynbratu mociifi>keHb BKa3yloThb Ha BifjMiH-
[IOKa3HMKIB peaKTMBHMX BIACTUBOCTeIl KaphiopecmipaTopHoi — HOCTI B piBHI (yHKLiOHa/IbHOrO 3abe3IeueHHs Clleljia/IbHOl
cucTeMy, SIKi BUSHAYAIOThCA CIIiBBIJHOIIEHHAM Iaplia/IbHOTO  Ipalie3[jaTHOCTI BeCTyBaJbHMKIB OHOPIIHNUX TPy (3a criop-
tcky CO, i MaKcuMabHOrO piBHsI nereHeBoi BeHTwsnii (Vi /  TmBHO® kBasidikamiero) 6aiapovHNuKiB i KaHOICTIB, sKi CIe-
PaCO,), 3apeecTpoBaHMX Mif Yac BUKOHAaHH:A 10130 cekyHAHMX  Ljiami3yloTbcs Ha gucTaHmii 200 M.
TEeCTOBVX 3aBJIaHb. Kouosi cnoBa: rpe6iii, aepobHe eHeprosabesnedeHHs,
aHaepoOHe eHeprosabesmnedeHHsI, ClielliaNbHi XapaKTePUCTUKIL.
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Abstract

Aim: To study the peculiarity of electromyography signal characteristics alternation using different sSEMG parameters
during repetitive voluntary isometric fatiguing contraction in adolescent boys.

Materials and methods. 12 subjects with height 148.75 + 10 cm; Mass 38.9 + 7.9 kg; age —12 to 14 years were
recruited. The SEMG signal alteration of external oblique, rectus abdominis, erector spinae muscles during a fatiguing
plank were analyzed. A separate one-way repeated measures ANOVA was used to test the statistical significance of task
time and electromyography parameters of the global core muscle in the pre-, during- and post-fatigue plank test. One-
way Friedman ANOVA was applied for Shapiro-Wilk p < 0.05. The Pearson product-moment correlation coefficient
with bivariate linear regressions analysis was performed between the pre-pre fatigue and post-post fatigue amplitude
mean and standard deviation values. The Spearman correlation coefficient between amplitude and endurance time
both in the pre- and post-fatigue state was conducted.

Results. The mean value of rectified amplitude increased (p < 0.05) for all muscles, the standard deviation of amplitude
and total spectral power increased significantly (p < 0.05) for all muscles except the erector spinae muscle (p > 0.05).
The power at normalized low frequency significantly changed (p = 0.05) in the erector spinae muscle. A significant
change in normalized low frequency for agonist/synergist (p = 0.02) and agonist/antagonist muscles (p = 0.05) was
observed. The average amplitude value had a significant positive and linear relationship with the amplitude variability
both in the pre- to post-fatigue state, except the erector spinae muscle. The time to task failure was not correlated (p >
0.05) with the sSEMG amplitude.

Conclusions. Increased sSEMG amplitude resulted mainly from rapid additional motor unit recruitment and rate
coding during muscle fatigue. The reduction of conduction velocity might affect the spectral power with a spectral shift
towards low-frequency. Increased variability, agonist/antagonist co-activity during fatiguing contraction might extend
the holding time. The postural fatiguing task/plank increases multiarticular joint function by involving several joints
and muscles, increases variability in the contribution of synergist muscles. This factor provides an intuitive explanation
about the absence of a relationship between endurance time and sSEMG amplitude changes.

Keywords: motor-unit, rate coding, conduction velocity.

Introduction teachers often observed in terms of barriers in sSEMG signal
interpretation is concern. The gap resulted mainly from non-
familiar language and lack of technical background related to
the application, signal processing and information extraction
algorithms. Lack of knowledge in mathematics and biophys-
ics is a significant educational barrier among physical educa-
tion teachers often make it challenging for basic signal inter-
pretation (Campanini, Disselhorst-Klug, Rymer, & Merletti,
2020; Felici & Del Vecchio, 2020).

Muscular strength and endurance (static) is fundamental
© Samanta, A., Mukherjee, S., 2021. motor abilities developed significantly among adolescents in

The Surface Electromyography (sSEMG) based measure-
ment of “myoelectric manifestations of muscle fatigue” is
meaningless if the receiver has a lower potential to under-
stand the reliability and the information contained in the
electrophysiological signals viz. muscle fiber propagation
velocity, SEMG amplitude or frequency spectrum etc. as it
also required technological proficiency. Significant gap be-
tween engineers and exercise physiologist/physical education
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the age group of 12-14 yrs. (Ivashchenko, Cieslicka, Nosko,
& Malyshev, 2019; Ivashchenko, Kapkan, Khudolii, & Yerma-
kova, 2017; Khudolii, Ivashchenko, Iermakov, Veremeenko, &
Lopatiev, 2019). The global axial skeleton stabilizing muscles
play an important role during physical activities. The weakness
of these postural muscles may contribute to the progression of
low back pain as it is crucial to lumbopelvic stability. It is im-
portant to understand the central/peripheral system approach
on neuromuscular fatigue with the growth and maturation
effect on it in sports science. Inflation in SEMG amplitude
usually observes during submaximal fatiguing contraction
(Cardozo, Gongalves, & Dolan, 2011) with conflicting results
varying from increase (Gentil, Oliveira, de Aratjo Rocha Jun-
ior, do Carmo, & Bottaro, 2007), no difference (Lindstrom,
Stefan, & Lexell, 2006), to decrease muscle activation (Gerdle
B, Karlsson S, Crenshaw, Elert, & Friden, 2000). Increase in
agonist-antagonist co-contraction during isometric fatigu-
ing contraction among children might be caused by lower
strength (Grosset, Mora, Lambertz, & Perot, 2008) but not
accepted by another study (Kellis, & Unnithan, 1999).

The measurements of muscle fatigue usually performed
during isometric contraction with a constant force, which
is considered the “bench-test” condition. The “myoelectric
manifestations of muscle fatigue” can be defined as the in-
ability to maintain a given isometric contraction level and it
is related to the endurance time with a relative SEMG features
alteration from the very beginning of the contraction (Cam-
panini, Disselhorst-Klug, Rymer, & Merletti, 2020). The re-
tention time of the plank task could reliably estimate isomet-
ric core muscle endurance and test core stability in children
(Boyer, Tremblay, Saunders, McFarlane, Borghese, Lloyd, &
Longmuir, 2013). First time De Blaiser et al. (2018) reported
that the plank test is valid and reliable to measuring global
core muscle fatigue. They also stated that the past research
studies intended to measure the validity and reliability of
plank test was implemented SEMG as a reference technique
designed to evaluate the parameters that failed to represent
muscle fatigue.

Objectives: Despite the importance, few studies on ex-
ercise induced muscle fatigue in children and adolescents
are available that makes it difficult to understand the neuro-
muscular components of pediatric muscle fatigue. Patikas et
al. (2018) reported in their systematic review that previously
cited research articles associated with exhaustive sub/maxi-
mal contraction induced muscle fatigue in children and ado-
lescents revealed the requirement of more research in pedi-
atric fatigue. The most study used only the normalized Root
Mean Square value for muscle fatigue analysis. But the SEMG
signal waveform cannot provide a valid conclusion about
‘Muscle Fatigue’ if we use a single SEMG parameter for a
heterogeneous muscle group (Duchéne & Goubel, 1990). To
our best information about existing literature on sSEMG based
muscle fatigue assessment, there are no such studies which
evaluated myoelectric manifestation of core muscle fatigue
extensively in children using exhaustive Plank test. Therefore
we aimed to study the peculiarity of electromyography signal
characteristics alternation using different SEMG parametres
during repetitive voluntary isometric fatiguing contraction
in adolescent boys.

Hypotheses:

Based on the analysis of previous sEMG fatigue studies
we hypothesized that:

TM®B, 2021, Tom 21, N2 1

1. Ho: Xt ptank = Xznaplank = Xaraplanis H1: At least one mean
value on these selected parameters would be statistically
distinguishable. The temporal alteration of selected SEMG
signal parameters (Average Rectified EMG (ARV) [uV],EMG
Standard Deviation (SD EMG) [uV], Total Spectral Power
(TSP) [nV2], Normalized Low Frequency (N.LF) [%]) of
External Oblique (EO), Rectus abdominis (RA) and Erector
Spinae (ES) muscle, RA/EO (Agonist/Synergist) N.LF Ratio,
RA/ES (Agonist/Antagonist) N.LF Ratio and the endurance
plank time during fatiguing isometric voluntary contraction
were analyzed separately.

2. Hy: R = 0. H;: The mean amplitude value of the sSEMG
signal was expected to have Gaussian probability distribu-
tion and it may show a significant positive and linear rela-
tion with absolute variability of sSEMG amplitude. Pearson
product-moment correlation coefficient (R). sSEMG undergo
non-uniform changes with increase variability (phase shift)
during isometric fatiguing contractions.

3. Hy: r = 0. H;: Significant Spearman correlation coef-
ficient (r) between ARV amplitude with Endurance time both
in pre and post fatigue state was expected.

Materials and methods

Study participants

Sample size calculation: The sample size (n) was cal-
culated based on the Average Rectified Value (ARV) of the
Rectus abdominis muscle activity acquired in a pilot study
with three children (Silva et al. 2020). We used ARV for sam-
ple size calculation because ARV is significantly less variable
and reliable when measuring the core muscle activity (Hibbs
et al. 2011). We included the pilot data in the main data set.
The sample size was calculated using the G*Power (Version
3.1.9.2, Kiel University, Germany) application, for 80% power
at an alpha level of 0.05. This calculation provided a sample
size of 12 for this study.

Power Analysis: We also analysed post hoc power based
on 12 samples sSEMG ARV amplitude data G*Power (SPSS
n,%): Statistical test = ANOVA: Repeated Measures, within
factors; a err probability = 0.05; Number of group = 1; Num-
ber of measurements = 3; Nonsphericity correction € = 1.
Effect size (G*Power-f) and estimated Power (1 — {3 err prob-
ability) were for EO-(f) = 1.49, 1 — P err probability = 0.99;
RA-(f) = 1.06, 1 — P err probability = 0.99; ES-(f) = 0.58,
1 — B err probability = 0.61. Moalla et al. (2007) also reported
that twelve healthy male children is necessary to find a mean
difference in SEMG parameters during the postural fatiguing
task.

Therefore a total of 12 subjects were included in the study.
The subjects were school-going children aged between age-12
to 14 years (Khudolii, Ivashchenko, Iermakov, Veremeenko,
& Lopatiev, 2019) (height 148.75 + 10 cm; Mass 38.9 + 7.9 kg)
and they had more than three months of previous experience
with the practice of different yogic exercises. The children
were randomly selected from Ram Krishna Vidya Mandir
Ashrama (RKVM)-Sharada Balgram, Gwalior (M.P).

Inclusion criteria: Prior to the collection of data, the
children were requested to recognize their preferred writ-
ing hand, which was contemplated their dominant arm. All
children were right-hand dominant (Silva et al., 2020). We
collected the SEMG data of core muscle only from the right
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side in subjects with dominant right-hand for fatigue analysis
because: 1. The fatigue indexes are significantly sensitive and
evident in the right than left-handed subjects. The fatigue
indexes are also less apparent in left than in right-handed
subjects (Merletti, De Luca, & Sathyan, 1994). 2. The adapta-
tion of the Motor Unit (MU) pool in the dominant muscle
due to daily preferential use allows for more effective force
production at low firing rates by increase the percentage of
Type-I fibers resulting in twitch fusion at lower MU firing
rates (Adam, De Luca, & Erim, 1998), although the previous
study on hip-abductor fatigability reported non-significant
results between dominant and nondominant side (Jacobs,
Uhl, Seeley, Sterling, & Goodrich, 2005).

No previous history of Neuro/Myo pathological disor-
ders and Postural Spinal deformities were reported during
data collection. Those boys were clinically tested in (RKVM)-
Sharada Balgram Health facility.

Consent (Reg. No. PH2010-114, Consent no.-HOD/
Ex.Phy./26/2018-19): Full written advice about the possible
risks and discomfort associated with the study was given to
the children and local guardian/school principal, they signed
the written informed consent form. The study was approved
previously by the Departmental Research ethics board of
Lakshmibai National Institute of Physical education, Gwalior,
India and was conducted following the ethical principles for
human research proposed in the Helsinki Declaration.

Study organization

Fatiguing Plank Protocol: Each child received verbal and
visual instructions about the correct posture to perform plank
to ensure comfort and familiarity. It may provide better SEMG
signal quality during data collection. The Traditional plank
protocol used in this study: face lied down and fists on the sur-
face/floor, feet were placed at shoulder width apart, the spine
and pelvis in a neutral position. The space between elbows
were also shoulder width apart just below the glenohumer-
al joint. Lift the body up on the forearms and toes (Cortell-
Tormo, Garcia-Jaén, Chulvi-Medrano, Herndndez-Sénchez,
Lucas-Cuevas, & Tortosa-Martinez, 2017; Schoenfeld, Con-
treras, Tiryaki-Sonmez, Willardson, & Fontana, 2014; Bo-
hannon, Steffl, Glenney, Green, Cashwell, Prajerova, & Bunn,
2018). Participants maintained the proper plank position and
throughout the whole period we recorded the sEMG activity
of the respective muscles until the test terminated, if the par-
ticipants could not hold/continue with the correct position be-
cause of fatigue and pain. Maximum time limits were recorded
with a stopwatch. In summary the children were asked to per-
form 5 consecutive Surya Namashkara with self-reported pace
for warming up, followed by 5 mins. rest. After 5 min. rest they
completed three planks (i.e. pre-fatigue (1st plank), during
(2nd plank), and post fatigue (3rd plank) with a resting period
of 3 mins. in between every plank. Strong verbal encourage-
ments were given to make them motivated to hold a plank to
their maximum potential limit. The 3 min rest or interval pe-
riods were given between every plank, because: Previous study
reported that sufficient recovery from attenuated motoneuron
excitability of the muscles induced by low/submaximal iso-
metric fatiguing contraction requires < 240 sec., resting period
(Heroux, Butler, Gandevia, Taylor, & Butler, 2016).

Instrument: Preparation of Skin —A single-use cotton-
wool ball with 60-70% alcohol-based solution (isopropyl al-
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cohol) was used for clean the surface of the skin (hair saved)
for better conductance.

sEMG-Instrument: ENCEPHALAN - MPA Autono-
mous Patient Transceiver-Recorder ABP-10. (Medicom
MTD Ltd. Research & Development Limited Company, RUS-
SIA) sEMG machine was used in this study. We used the
“REHACOR” and “MEDICOM” software (British Standard -
Reg. No. DE/CA37/POL044A4) for sEMG signal processing
and raw data analysis. SEMG Electrodes and technical Speci-
fications:: The disposable, oval-shaped, bipolar EMG/ECG
surface Electrodes (ANSI/AAMI standard EC12:2000, ISO-
13485, Medico India) were used. Product Code: MSGLT-
05MG, Solid, Baking Adhesive - Foam, Enhanced. Dimen-
sion: 40x36x1 mm, Ag/AgCl (silver/ silver chloride) sensor,
Latex-free, patented gel formula. The inter-electrode dis-
tance/spacing were 20 mm (2 cm.) in Bipolar fashion. Elec-
trodes and wires were fixed with one-sided white adhesive
tape to reduce skin friction and motion artefacts. No sSEMG
electrodes placement set-up was changed for amplitude esti-
mation during the three planks for each subject. SEMG sig-
nals were visually inspected for heartbeat artefacts.

SEMG Settings: The panel of Sweep speed of sSEMG was
set at 5mm/s. SEMG measurement unit: EMG signal ampli-
tude mean and SD - “uV”, Power Spectra “uV?” and Low
frequency “%”. Analog to digital Convert resolution = 24;
Sampling rate = 1024 Hz; Input dynamic range > 8 mV (p-
p); Allowable voltage shift > +300 mV; Noise < 1.4 puV (p-p);
Sensitivity = 200 pV/mm; Common Mode Rejection Ratio
=120 dB. Processor - Intel Core(TM) 2 Duo CPU E7500 @
2.93GHz; Memory (RAM) - 2047 MB; System Type — 32-bit
offline operating system; LENOVO-PC.

SEMG Parameters: 1. A. ARV-EMG: The addition of all
the multiplied values of an arbitrary parameter X and the
probability of these values decide the centroid position in
Gaussian distribution. B. SD EMG: Mean-squared deviation
of the arbitrary parameter X- the positive square root of the
squared deviation of a random parameter X from its mean
value denote the scattering distribution. The whole EMG
signal was full-wave rectified, smoothed. 2. N.LF - Normalized
low-frequency index was the ratio of the area under the curve
in the range of 10-30 s (LF), to the area under the curve in the
range of 2-30 s. LF = N.LF/(TSP-VLF)-100 %. 3. Total Spectral
Power: The frequencies were evaluated using Discrete-Time
Fourier series analysis, with graphs of power or amplitude
ratio (Y-axis-Power uV?) of the oscillation period (X-axis
Hz/Sec.). Total Spectral Power (TSP) = High Frequency
(HF) + Low Frequency (LF). sSEMG signal processing: The
EMG linear envelope and power spectral density (PSD) was
calculated using Welch and Bartlett’s averaged modified
periodogram (Non-parametric) method with 1024 sample
analysis, 50% overlapping windows. In the power spectral
density, the sSEMG frequency cut-off or the band-pass filter
was 10-512 Hz. Further, the energy/power alteration at
normalized Low-frequency band 10Hz-70Hz was taken for
fatigue analysis. As the attenuation of mean power frequency
in Spectral parameters from 70 Hz to 60 Hz is considered
as the progression of myoelectric manifestation of fatigue.
The mean power of the frequency below 70 Hz increases
significantly during fatigue. The low frequency increases
linearly during the progression of myoelectric manifestation
of fatigue (Cardozo, Gongalves, & Dolan, 2011). Automated
Linear spectrum interpolation algorithm was used to remove
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Fig. 1. Electrodes Placement Points: (A) EO and RA; (B) ES muscle. All the sEMG signals were recorderd form
the right side of the body

sinusoid interference frequency (cosine function) and time-
correlated power line noise contamination.

Electrodes placement (Right Side dominance): EO-
lateral portion of rectus abdominis muscle (~15 cm lateral
to the umbilicus), situated straight over the anterior superior
iliac spine, midway between the crest and ribs with oblique
or 45° angle inclination. RA- ~2 cm lateral to the umbilicus.
ES- ~2 cm parallel from the midline of the spine over the
muscle. Ground electrode was placed over the midline of
the lumbosacral bony landmark (Fig. 1) (Silva et al., 2020;
Criswell, 2011).

Statistical analysis

The “Consensus for Experimental Design in Electromyo-
graphy-2020” (CEDE) project provided the recommenda-
tions and guidelines for recording, analysis, interpretation
and specific applications of EMG, published in the Journal
of electromyography and kinesiology (International Society
of Electrophysiological Kinesiology) (Besomi et al., 2020)
reported to use non-maximal voluntary isometric contrac-
tion induced non-normalized sSEMG data for interpretation
as no method available for sSEMG normalization in study
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dealing with pediatric population. Therefore SEMG signals
(non-normalized) were used for fatigue analysis as per the
instructions given by Besomi et al. (2020) and Halaki et al.
(2012). The relative sizable inter-individual variability in the
global core muscle activation pattern would be due to the
diversity of anatomical and fiber type distributions. There-
fore LOG(10) transformation procedures were applied for
all SEMG Parameters and the alteration of sSEMG activity of
these three muscles was analyzed separately (Falla & Farina,
2007) as between muscle activity could not possible to calcu-
late with non-normalized sSEMG data (Besomi et al., 2020).
For the Normality distribution assumption, the Shapiro-
Wilk test was used and a significant (p < 0.05) value would
be considered as the departure from normality. Separate one-
way repeated measures ANOVA was used to test the differ-
ences across the pre-, during and post fatigue with relative al-
teration of different sSEMG parameters of EO, RA, ES muscles,
N.LF ratio for RA (Agonist)/ ES (Antagonist), RA (Agonist)/
EO (Synergist) muscles and plank/endurance time (T);,). For
each ANOVA, if those parameters were found significantly
distinguishable, Bonferroni corrected paired t-test was used
to identify differences (Post Hoc) for pairwise comparison.
In case the assumptions for parametric statistics were not
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met, nonparametric one-way Friedman ANOVA was used
and statistically significant values were further analyzed with
Dunn-Bonferroni test for multiple pairwise comparisons.
The Sphericity assumption was tested by Mauchly’s test and a
significant (p < 0.05) value would be considered as sphericity
violation. The sphericity violation was treated with an ap-
propriate degree of freedom (df) correction by applying ei-
ther Greenhouse-Geisser (¢ < 0.75) or Huynh-Feldt (¢ > 0.75)
correction. The level of significance was set at p < 0.05. ),
was used as the effect size index. The values of 1),* were inter-
preted as small effect (d = 0.20), medium effect (d = 0.50) and
large effect (d = 0.80). For nonparametric Friedman ANOVA,
Kendall's W coeflicient was used for effect size, assuming
the value from 0 (no relationship) to 1 (perfect relationship)
(Silva et al. 2020).

The Pearson product-moment correlation coefficient (R)
was used in normally distributed (LOG(10)-transformed,
Shapiro-Wilk p > 0.05) data. The R value between an inde-
pendent and dependent parameter was tested with bivariate
linear regressions analysis (Verma, 2016) and it was performed
between the Pre-Pre fatigue and Post-Post fatigue LOG(10)
SD EMG-(uV) with LOG(10) ARV EMG-(uV) of EO, RA, ES
muscle separately. The Spearman correlation coefficient (r) of
ARV EMG (uV) with Endurance time (Tj;,-Sec.) of EO, RA
and ES muscle were applied for both in pre and post fatigue.

ICC Analysis: The Interclass correlation coefficient
(ICC) within 95% confidence interval with three consecu-
tive measurements (without sSEMG electrodes displacement),
absolute-agreement and 2-way mixed-effect model was used

for test-retest reliability in this present study, and the degree
of reliability (ICC) estimation was based on the following
guideline: 0.00 to 0.25 - little; 0.26 to 0.49 - low; 0.50 to
0.69 — moderate; 0.70 to 0.89 - high and 0.90 to 1.00 - very
high reliability (Silva et al., 2020; Mathur, Eng, & MacIntyre,
2005). IBM SPSS statistics for windows, version 20.0, (IBM
Corp., Armonk, NY, USA) was used for Statistical analysis
and graphical representations.

Results

The One-way Repeated ANOVA revealed a significant
difference in the selected SEMG Parameters (p<0.05) with
low to large effect sizes (n,?) (Table 1). Larger effect sizes in
selected SEMG Parameters were observed when compared
with the baseline in the muscles with steeper fatigue level
during repetitive fatiguing plank.

The predictive Linear regression model reveled (Fig. 4):
A. For EO muscle the Pre fatigue showed significant
p =0.001, linear steepness [R = 0.84, R? = 0.70, F, ) = 23.68,
y = 1.02x+ (-0.60)], for post fatigue model p =0.009 [R =0.72,
R? = 0.51, F 10 = 10.44, y = 0.68x+0.06]. B. For RA muscle
the Pre fatigue p = 0.002, linear steepness [R = 0.80, R? = 0.64,
Fi0 = 17.91, y = 0.82x+ (-0.29)], Post fatigue p = 0.001 [R =
0.82, R* = 0.67, F(; 0y = 20.09, y = 0.78x+ (-0.19)]. C. For the
ES muscle Pre fatigue p = 0.004, linear steepness [R = 0.76,
R?* = 0.58, F(,) = 13.67, y = 0.75x+ (-0.14)] but for Post fa-
tigue model the p = 0.457, linear flatness [R = 0.24, R* = 0.06,
F10 = 0.59, y = 0.4x+0.11].

Table 1. The Summary of Endurance/Time-to-task and sSEMG values across muscles during three consecutive fatiguing
plank. The mean value of rectified EMG amplitude increased for EO, RA, ES muscles. The standard deviation of
amplitude and Total Spectral power increased for all muscles except ES muscle. Power at Normalized Low Frequency
changed in ES muscle. changes in Normalized Low Frequency for Agonist (RA)/Synergist (EO) and Agonist (RA)/

Antagonist (ES) muscles is also observed.

PLANK
1st 2nd 3rd

. ICC-
Variables M+SD M+SD M+SD F-value p-value  n,’-value value

Tyim (SEC.)’ 56.50 + 21.07 70.50 +25.36 71.50 £ 14.06 1.177 0.56 0.05'" 0.06
EO ARV 1.73 +£0.19 1.78 +0.17 1.84 +0.16 24.76 0.00 0.69 0.96
EO SD EMG 1.17 £0.24 1.26 +0.18 1.31 £0.16 4.46 0.02 0.29 0.83
EO N.LF 1.78 £0.08 1.75 £0.17 1.78 +0.09 0.40 0.56 0.04 0.58
EO TSP 2.53 £0.50 2.67 £0.41 2.82 £0.33 5.09 0.02 0.32 0.86
RA ARV 1.55 £0.21 1.59 £0.19 1.69 £0.22 12.25™ 0.00 0.53 0.92
RA SD EMG 0.98 £0.21 1.01 £0.18 1.13 £0.21 4.37 0.03 0.28 0.77
RA N.LF 1.74 £0.09 1.74 £0.16 1.81 £0.05 2.45 0.11 0.18 0.36
RA TSP 2.07 £0.44 2.19 £0.31 244 +£0.41 6.13 0.01 0.36 0.72
ES ARV 0.54 £0.14 0.55 £0.14 0.61 =0.09 3.65 0.04 0.25 0.85
ES SD EMG*® 0.27 £0.13 0.26 +0.09 0.35 £0.15 3.517 0.17 0.15™ 0.31
ESN.LF 1.77 +0.09 1.78 +£0.13 1.67 +0.09 3.29 0.05 0.23 0.52
ES TSP® 0.35 £0.29 0.34 £0.23 0.76 £0.72 2.177 0.34 0.097" 0.06
RA/EO N.LF® 0.97 £0.05 1.00 £0.14 1.02 £0.05 8.177 0.02 0.34"" 0.20
RA/ES N.LF* 0.98 £0.06 0.98 £0.11 1.09 £0.07 5.66" 0.05 0.247" 0.02

NOTE: Tj;,, - Time to task failure, ARV EMG - Average Rectified EMG, SD EMG - EMG Standard Deviation, TSP - Total Spectral

power, N.LF - Normalized Low frequency, EO - External Oblique, RA - Rectus abdominis, ES — Erector Spinae. The Mean + SD.
Nonparametric Friedman ANOVAS, F(df-2,22) (Nonparametric X*'), p value, n,? (Nonparametric Kendall's W'"), ICC values
(95%-CI). EO N.LF (Greenhouse-Geisser) F1.14, 12.52", RA ARV (Greenhouse-Geisser) F 1.34, 14.78". Significant p < 0.01, 0.05
in Bold. LOG(10) Transformation was applied for all the SEMG values of EO, RA and ES muscle
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B. POWER SPECTRAL DENSITY PLOTS (PSD)

Fig. 2. Simultaneous sEMG activities were recorded of External Oblique (EO), Rectus abdominis (RA), Erector Spinae (ES)
muscles during fatiguing isometric voluntary contraction. Continuous SEMG recordings for the entire time to task failure
during three consecutive plank (P1, P2 and P3 respectively) holding test (with 3 minutes interval in between). A. sSEMG
signals were full-wave rectified, smoothed. B. Power spectral density plots were obtained from EO, RA, ES muscles during
static fatiguing plank task. The energy changed only at normalized Low-frequency band of 10Hz-70Hz was taken for fatigue
analysis.

EO BEANE Fig. 3. Probability Density plots of log10TSP of EO, RA and ES
TR PRECR A TR muscle during fatiguing plank. The pre to post fatigue EO log10TSP
leptokurtic (0.182 vs. 1.374), RA logl0TSP changed the kurtosis
pattern (-1.202 vs. 0.975) also, and ES LOG(10)TSP platykurtic
(7.884 vs. 0.016) transition observed.

i

3

The Spearman correlation coefficient (r) of ARV EMG
(uV) of EO, RA and ES muscle were not significantly cor-
4 NENEED) N EERY ZEEEEE related with Endurance time (T,,-Sec.) both in pre and post

=R e ioTor e cmrone e, fatigue as the EO pre r = 0.39 (p = 0.22) vs. post r = -0.494
RA ST (p = 0.103); RA pre r = 0.30 (p = 0.34) vs. post r = -0.501
FIRST PLANK SECOND PLANK THIRD PLANK (p =0.097); and ES pre r = 0.26 (p = 0.42) vs. post r = - 0.385
(p = 0.216) at 5% significance level.

Discussion of Hypotheses: According to the research
hypotheses, some of the most important observations were
that during sustained fatiguing contraction/plank the sSEMG
amplitude and the Total Spectral Power of the signal increased
rapidly (Fig. 2A), power spectra intensified/shifted towards
low frequency power spectra (inflation in low frequency

e e omar seerns powim 3% band) (Fig. 2B). The positive linear relationship between av-

ES erage amplitude values with amplitude standard deviations

PLANK of the sEMG signal was altered by fatigue (Fig. 4). The non-

mEm = s mm—— significant relationship between the time to task failure with

sEMG amplitude was influenced by complex multiarticular
a joint function.
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The myoelectric manifestations of muscle fatigue are di-
Ll verse and depend on several complex physiological factors

© LOGUNESTOTAL SPECTRAL POWER 1V which make it difficult to understand. The findings of this
present study revealed that the acute adaptation to fatigue
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Fig. 4. LOG(10)-Indicates Logarithm with base 10. Linear regression model between pre fatigue LOG(10) ARV EMG (uV) with
LOG(10) SD EMG (uV) and post fatigue LOG(10) ARV EMG (pV) with LOG(10) SD EMG (uV) of EO,
RA and ES muscle (p < 0.05)

by altered muscle activation pattern intended to compensate
the force reduction (Shrawan et al., 1996). Statistical signifi-
cance p-value with effect size n,* > 0.22 indicates a more pro-
nounced or meaningful fatigued state (Table 1) (Jacobs, Uhl,
Seeley, Sterling, & Goodrich, 2005).

Increased sEMG amplitude (Fig. 2 A, Table 1) resulted
from rapid additional motor unit recruitment and rate cod-
ing. During fatiguing contraction, additional motor units
recruited progressively as per Henneman’s sizes principle.
Firing off these motor units interfere and briefly inhibit the
firing rate of previously recruited motor units, which might
increase the variability (Table 1).

The concept of stretch reflex inflation during a postural
fatiguing task is based on some basic theory: 1. The rapidly de-
teriorating in the inhibition of presynaptic transmission and
feedback modulation by Ia afferents group. 2. Active dendrit-
ic actions modulated by descending pathway and supraspinal
drive 3. Increase in motoneuronal a-y coactivation. More
pronounced postsynaptic than presynaptic activation mech-
anism was reported during fatigue if the pressor response
absent. The motor neuron excitability during postural fatigu-
ing task-induced pressor response activation was influenced
by: 1. Group III-IV afferent input acquired by interneurons
which excited the y-motor neurons (Maluf & Enoka, 2005).
2. Variations in motor unit firing rate and recruitment pat-
tern, increased synchronization, most importantly decreased
muscle fiber conduction velocity, all of these factors might be
acted as a compensatory mechanism during fatigue-induced
force loss among muscles. It might change the shape of the
action potential (Fig. 2), increase the magnitude (Mean) and
Variation (SD) of ARV amplitude (Table 1). The primary ef-
fects of motor-unit synchronization were proposed during
fatigue as: Augmentating the magnitude and variability of
AVR EMG (intense-synchrony condition), intensification
of low frequency in EMG power spectra, attenuation of the
cancellation in overlapped positive and negative phases of
action potentials (Yao, Fuglevand, & Enoka, 2000). Predom-
inant muscle fiber-type (Type-I, 57-62%) and recruitment
strategies (viz. increased motor-unit synchronization and
decreased propagation velocity) of motor units might also be
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responsible for sSEMG Spectral power alteration and ampli-
tude augmentation. The motor units of type I (low threshold)
muscle fiber generates action potentials with higher power at
the lower frequency during fatiguing contraction. Both the
myoelectric signal of muscle tissue and surface EMG elec-
trodes act as low-pass filters, rapid energy of the signal travel
through the tissue when the lower frequency intensifies or
prominent leftward shift (Fig. 2) in signal eventuated in the
power spectrum during fatigue (Fig. 2B) (Hagberg, 1981).
Ischemia resulted from hemodynamic occlusion therefore
anaerobic glycolysis during isometric contraction increases
the production of lactate, pyruvate, inorganic Pi, resulted in
intramuscular pH and conduction velocity to reduce. Studies
reported lacking the significance of lactate production during
fatiguing contraction proposed extracellular K+ accumula-
tion and Na+ depletion in extracellular space could be the
possible reason for sEMG signal alteration during fatigue
(Linssen, Stegeman, Joosten, Binkhorst, Merks, Ter Laak, &
Notermans, 1991).

Relatively less prominent antagonist muscle activity
(Fig. 2A) during the positional task was controlled by spi-
nal interneurons, which further influenced by descending
pathways to enhance the stability at the multiarticular joint
level. The concurrent augmentation of agonist/synergistic (p
= 0.02), agonist/antagonist (p = 0.05) N. LF ratio (Table 1)
during fatigue resulted from either supraspinal descending
drive or differentiated motor neuronal pool. The changes
in excitability of motor neuronal pool in antagonist muscle
usually observed with a substitute spinal pathway of disyn-
aptic reciprocal inhibition from muscle’s spindle afferents
to the motor neurons as fatigue developed. An increase in
sEMG amplitude (p = 0.04) of antagonist muscle stipulated a
net increase in excitatory synaptic input to the spinal motor
neurons and inherent characteristics of supraspinal mecha-
nisms modulated by Ia presynaptic inhibition which further
influenced different peripheral inputs parallelly as fatigue
progressed. Researchers often reveal doubts about the reli-
ability of antagonist SEMG (Low ICC in ES muscle) (Table 1).
But with strict SEMG recordings protocol, it may produce
an acceptable and meaningful antagonist coactivation even
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though the signal does not dispense a precise estimate of its
mechanical contribution (Duchateau & Baudry, 2014). The
modulation of antagonist coactivation during fatiguing con-
traction might extend the Ty, (p = 0.56) (Table 1) (Shrawan
etal.,, 1996). Motor units that innervate the number of muscle
fibers reveal a Non-Gaussian distribution in SEMG Spectral
power, uniquely the LOG(10)TSP showed unique alteration
of kurtosis pattern among three muscles across the three con-
secutive fatiguing plank also might extend the Tj;, (Fig. 3).

The failure to detect any statistically significant differ-
ence (p > 0.05) in SEMG parameters (Table 1) during fa-
tiguing contraction might falsely be concluded as no specific
alteration of rate coding and motor-unit activity. It was also
possible that sSEMG amplitude or power spectral frequen-
cy might show a lower potential to identify small changes
efficiently of the neural drive against time of muscles with
multiarticular joints functions, which further affected by
signal contamination due to volume conduction, cross talk
and electromagnetic interferences (Farina, Arendt-Nielsen,
Merletti, & Graven-Nielsen, 2004). Although more repeti-
tions with less resting or interval periods during standardized
exercise (Kapkan, Khudolii, & Bartik, 2019) may increase the
chance for significant SEMG signal alteration due to fatigue
at this age group of this present study. Further studies where
the children are involved in different exercise interventions
may use different SEMG parameters with cautions to observe
neural recruitment strategies alteration, overload/muscle fa-
tigue level and training progression.

The average amplitude values of the SEMG signals usu-
ally have Gaussian probability distribution, often show a lin-
ear relationship with sEMG amplitude standard deviations of
the signals. We also observed the average SEMG amplitude
value produced a steeper and linear relationship with the
amplitude variability with the relative alteration of the rela-
tionship from pre to post fatigue state of three core muscle
(Fig. 4). Henneman’s size principle stated small motor units
(low recruitment threshold) have initial fatigue response, re-
cruited to fire at low force level, shows small variability, where
the larger motor units (high recruitment threshold) recruited
at higher fatigue level indicated large variability. The subjects
with larger variability showed a longer time to task capac-
ity with more heterogeneous muscle activation pattern and
smaller localized muscle fatigue. The neuronal mean firing
rate alters sinusoidally and variability in spike generation is
proportionately related to the mean firing rate during fatigu-
ing contraction (Stein, Gossen, & Jones, 2005).

The non-significant (p > 0.05) Spearman correlation co-
efficient between the time to task failure with sEMG am-
plitude might influenced by multiarticular joint function,
volume conduction, cross talk by the synergistic muscles or
electrical interferences (Boyas, et al., 2009).

Limitations

Due to the complexity of MVIC induced sSEMG ampli-
tude normalization protocol for core muscle, clinicians usu-
ally avoid it, as it is also not recommended for the children
less than 15 years age (Nicholson, 2000). The electromagnetic
interferences, crosstalk by surrounding muscles could never
be replaced completely but tried to reduce it with high signal-
to-noise ratio in SEMG setting.
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Conclusions

Increased sSEMG amplitude resulted from rapid addi-
tional motor unit recruitment and rate coding while per-
forming the fatiguing plank task. Variation in motor unit fir-
ing rate and recruitment pattern, increased synchronization
and deterioration in the muscle fiber conduction velocity,
all of these factors influenced the shape of action potential
and made the sEMG amplitude increase during fatigue. Re-
cruitment strategies of motor units and predominant I-type
muscle fiber, these two factors caused SEMG Spectral power
to change and spectral shift towards low-frequency band dur-
ing fatigue. The longer time to task or Endurance capacity
was observed by heterogeneous muscle activity during iso-
metric contraction. Postural fatiguing task/plank increases
multiarticular joint function by involving several joints and
muscles, increases variability in the contribution of synergist
muscles. This factor provide an intuitive explanation about
the absence of a relationship between endurance time and
sEMG amplitude changes.
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OUIHKA MIOENEKTPUYHUX NPOABIB M'A30BOI BTOMU
na4YAC NOBTOPHUX IBOMETPUYHUX AOBUIbHUX
CKOPOYEHDb Y XJTONM4YUKIB Y BILll 12-14 POKIB

A6ip CamanTa'*®cP, Cab’scaui Mykepmxi'sP

"Hamionanbamit iHCTUTYT isnuHOro BMxoBaHHA iMeHi Jlakimmi Bai

ABTOpCHKNMIT BKIAM: A — [U3aiiH HOCTiIKeHHs; B - 36ip ganux; C - crarananis; D - migrotoska pykonucy; E - 36ip kowTis

Pegepar. Crarrsa: 11 ¢, 4 puc., 1 tab., 41 mxeperno.

Merta JOCTifKeHHA — BUBYUTU OCOOIMBOCTI YepryBaHHs
XapaKTepUCTHK CUTHAIIB efleKTpomiorpadii 3a ZOIOMOroro pis-
Hux napamerpis SEMG i yac MOBTOPHOTrO I0BiTBHOTO i30Me-
TPUYHOTO BTOM/IIOIOYOTO CKOPOYEHH: Y XJIOIYMKIiB-Ti/IiTKiB.

Marepianu i MeTogu. Y gocimkenHi 6pann ygacts 12 Bu-
mpo6oByBaHUX (3picT — 148,75 + 10 cM; maca Tima — 38,9 + 7,9 kr;
BiK — Bif 12 1o 14 pokis). AHasisyBanu 3Miny curHany SEMG
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30BHIIIIHBOTO KOCOTO, IIPSIMOTO M sA3iB X1BOTa, M s13iB Erector
Spinae mij yac TecTy nyaHka Ha BucHakeHHA. OKpeMi ofHOCTO-
pouHi noBropHi BuMiproBaHHA ANOVA BUKOPUCTOBYBA/IN /IS
TeCTYBaHHA CTAaTUCTUYHOI 3HAYYUIOCTi Yacy BUMKOHAHHS 3aB-
JaHH:A Ta IMapaMeTpiB enekrpomiorpadii cyMapHOI aKTMBHOCTI
M’s13iB Tepef, I1ifj 4ac Ta MiC/IA TecTy IVIAaHKA Ha BYCHa)KEHHA.
OpnocroponHilt Meton Friedman ANOVA sacTtocoByBaBcA
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mnst Mlamipo-Binka p < 0,05. KoedinieHT KopenALil mpogyKTy-
MomenTy IlipcoHa 3 aHanmisoM ABOBMMIpHOI JIiHIIHOI perpecii
MPOBOAM/IN MK CepefHiM 3HaYEeHHAM aMIULTYAM CTOMIECHHA
[0 IONEPENHbOrO Ta MOIEPEJHHOrO Yacy Ta CTAHJAPTHUMU
3Ha4YeHHAMM JeBianii. PospaxoByBaBcs koedillieHT Kopensnil
CnipmeHa MK aMIITITYZOI0 Ta Y4aCOM BUTPUBAIOCTI K y CTaHi
IO, TaK i ITiC/IsT BTOMI.

Pesynpratu. CepeiHe 3HaYeHHA BUNIPAMIEHOI aMIUTITY M
3611bIIMIOCH LA BCix M'a3iB (p < 0,05), cTaHapTHe BiffX1IeH-
Hs AMIULITY/IM Ta 3ara/IbHOI CIIEKTPa/IbHOIL IIOTYXKHOCTi 3HAYHO
3pocio st Beix MsasiB (p < 0,05), kpim M’s13iB Erector Spinae
(p > 0,05). IToTy>XHicTh Py HOpMai30BaHilT HUSbKIill YaCTOTI
cyTTeBo 3MiHmmacs y m’ssi Erector Spinae (p = 0,05). Criocte-
piranuca CyTTEBi 3MiHM HOpMasi30BaHOI HU3bKOI YaCTOTH IS
M’s13iB aronictis / cuneprictis (p = 0,02) Ta M’s13iB arosicris /
anraroHictis (p = 0,05). CepenHe 3HaYeHHs aMIUTITYAU Majo
3HAYYIy IO3UTUBHY Ta JIHIHY 3aIEKHICTD Bif BapiabenbHO-
CTi aMIUITYyIM K IO CTaHy IC/iA BTOMY, 32 BUHATKOM M s3iB

Erector Spinae. Yac 10 HeBUKOHAHHA 3aBIaHHSA He KOPE/IIOBAB
(p > 0,05) 3 ammmiTymoro SEMG.

BucnoBku. 36inpmenns ammiitymn sEMG Bigoynocsa B
OCHOBHOMY BHACTIfIOK LIBUJIKOTO HabGOPY JIOLATKOBMX PYXO-
BIUX OffMHMI[b TA IIBUAKOCTI KOFYBAHHS Iiff 4aC BTOMMU M S3iB.
3MeHIIeHHs MIBUIKOCTI IIPOBiTHOCTI MOXKe BIVIMHYTY Ha CIIeK-
TpPa/IbHy HOTY>KHICTD i3 CIIEKTPa/IbHUM 3CYBOM Y OiK HM3bKO-
vacToTHUX. IligBullleHa MiHINUBICTh, CIiJIPHa aKTUBHICTH aro-
HiCTa / @aHTArOHICTa IiJi 94ac BTOM/IIOIOYOTO CKOPOYEHHS MOXKe
OPOJOBXUTHU Yac BUTPUMKU. IlocTypanbHe BTOM/IIOBa/IbHE 3a-
BJIaHH / ITaHKa 36i/1b1ye 6ararocyrno6oBy cyrmo60By GpyHK-
11i10, 3a/Ty4ato4M KijbKa CyI700iB i M's13iB, 301/IbIIYI04YM MiHIIH-
BicTb BHeCKy cuHepriunux M ssis. Lleit dakrop fgae inTyiTuBHE
MOACHEHHA BifICYTHOCTI 3B'sA8Ky MDX 4acOM BUTPUBAJIOCTI Ta
sminamu ammiTysu SEMG.

KnrouoBi cmoBa: pyxoBa ofuHMIA, OI0K KOZYBaHHS,
HIBUAKICTb MPOBiTHOCTI.
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Abstract

The study purpose was estimation of the accuracy of RR time series measurements by SHC “Rytm” and validity of
derived heart rate variability (HRV) indexes under physical loads and recovery period.

Materials and methods. The participants were 20 healthy male adults aged 19.7 + 0.23 years. Data was recorded
simultaneously with CardioLab CE12, Polar RS800, and SHC “Rytm”. Test protocol included a 2 minute step test

(20 steps per minute, platform height - 40 cm) with the next 3 minute recovery period. HRV indexes were calculated

by Kubios HRV 2.1.

Results. The RR data bias in the case of physical loads was -0.06 ms, it increased to 0.09-0.33 ms during the recovery
period. The limits of agreement for RR data ranged from 3.7 ms to 22.8 ms, depending on the period of measurements
and pair of compared devices. It is acceptable for the heart rate and HRV estimation. The intraclass correlation
coefficients (0.62-1.00) and Spearman correlation coefficient (0.99) were high enough to suggest very high repeatability
of the data. We found no significant difference (p > 0.05) and good correlation (r = 0.94-1.00) between the majority

of HRV indexes, calculated from data of Polar RS800 and SHC “Rytm” in conditions of physical loads (except for LF/
HF ratio) and in the recovery period. The only one index (RMSSD) was different (p < 0.05) in case of Polar RS800 and
SHC “Rytm” data, obtained in the recovery period. The largest numbers of different HRV indexes have been found
during the comparison of CardioLab CE12 and Polar RS800 - RMSSD, pNN50, and SD1. Correlation between HRV
indexes (r = 0.81-1.00) was very high in all pairs of devices in all periods of measurements.

Conclusions. The SHC “Rytm” appears to be acceptable for RR intervals registration and the HRV analysis during

physical loads and recovery period.

Keywords: electrocardiography, Polar RS800, Bland-Altman analysis, intraclass correlation coeflicient.

Introduction

To date, the emphasis of many studies is placed on
the study of changes in functions of the human organism
in stress conditions — diseases, emergency situations, com-
petitive and training activities. These researches aimed at
monitoring the indexes of the loads’ intensity to track the
time course of training adaptation or illness progression in
order to avoid pathological changes. To do this, the devices
of remote (telemetry) control of the physiological functions
are used (Dunn et al., 2018). Such devices are in many cases
based on the monitoring of heart rate and other parameters
of the cardiovascular system, which could be used as indica-

© Vovkanych, L., Boretsky, Yu., Sokolovsky, V., Berhtraum, D.,
Kras, S., 2021.
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tors of the intensity and adequacy of physical loads, and as
the predictors of pathological changes (Dias & Cunha, 2018;
Majumder et al., 2017).

One of the most effective methods to evaluate the physi-
ological changes which occur in the response to physical
loads (Dong, 2016) is an analysis of heart rate variability
(HRV). Many observations have shown that HRV indexes
may serve for monitoring the exercise intensity, level of car-
diovascular autonomic adaptations, and provide a powerful
tool for diagnosis of early pathological changes (Dong, 2016;
Silva et al., 2014; Vovkanych et al., 2014; Hrynkiv et al., 2012;
Vovkanych & Kachmar, 2010). Thus, the remote monitor-
ing of HRV, combined with the evaluation of main indexes
of the cardiovascular system, is of great benefit and offers a
possibility of greatly improve the level of physical loads and
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adaptation to them. That is why the research team of the Lviv
State University of Physical Culture (LSUPhC, Lviv, Ukraine)
has elaborated the software-hardware complex “Rytm” (SHC
“Rytm”). This complex is designed for the automatic analysis
of HRV and some indexes of human hemodynamic according
to methods elaborated by Mukalov I.O. (Drozd et al., 2014).
To use the newly elaborated device for the correct analysis
of HRYV, the high accuracy of the RR intervals registration
must be confirmed. The accuracy of the registration can be
estimated by comparison of the data, obtained from two de-
vices, one of which is considered to be a reference (“golden
standard”) one. Such studies have been performed for the
Garmin 920 XT (Cassirame et al., 2017), PolarS810 (Braga
et al., 2016; Barbosa et al., 2014; Nunan et al., 2008), Polar
RS800 in various modifications (Hernando et al., 2018; Bar-
bosa et al., 2014; Montaiio et al., 2016), Polar V800 (Caminal
etal., 2018; Giles et al., 2015; Giles & Draper, 2018), Equivital
EQO02 (Akintola et al., 2016) and Suunto t6 (Weippert et al.,
2010) monitors. The same studies have been done for the SHC
“Rytm” (Vovkanych et al., 2020). As the reference devices, the
medical ECG recorders or holter ambulatory ECG recorders
were used. In previous research, the comparisons have been
performed in conditions of physiological rest (Gamelin et al.,
2008; Giles & Draper, 2018; Vovkanych et al., 2020), and in
the case of exercise performance (Braga et al., 2016; Cassir-
ame et al., 2017; Giles & Draper, 2018). In most of the studies,
researchers compared both RR intervals and HRV indexes,
calculated based on RR intervals time series (Gamelin et al.,
2008; Giles & Draper, 2018; Giles et al., 2015). A large num-
ber of studies testify the necessity of the investigation of the
accuracy of RR data and derived HRV indexes by the newly
developed devices. Our previous research (Vovkanych et al.,
2020) revealed a good agreement between RR data and most
of the HRV indexes, based on data of SHC “Rytm” and both
the medical electrocardiographic system and Polar RS800, in
the condition of physiological rest.

The presented paper aims at assessing the accuracy of RR
time series measurements by SHC “Rytm” and validity of de-
rived from them HRV indexes in conditions of physical loads
and recovery period.

Materials and methods

Study participants

Study participants were twenty healthy male adults (aged
19.7 £ 0.23 years, height 179.9 £ 1.6 cm, weight 73.8 + 1.9 kg),
non-smokers, and none was taking any medication. All sub-
jects provided informed consent to participate in the study.
The procedures were accorded to the ethical standards of the
relevant national, institutional or other body responsible for
human research and experimentation, and the principles of
the World Medical Association’s Declaration of Helsinki. This
study was approved by the Ethical Committee of Lviv State
University of Physical Culture named after Ivan Boberskyj.

Study organization

Data was recorded simultaneously with an ECG record-
er (CardioLab CE12, XAI-Medica, Kharkiv, Ukraine), Po-
lar RS800 (Polar Electro Oy, Kempele, Finland), and SHC
“Rytm” (LSUPhC, Lviv, Ukraine). Polar RS800 was used as

62

the “golden standard” device for RR intervals measurements
during the physical loads and recovery period. The high level
of accuracy of this device was previously confirmed in several
studies (Hernando et al., 2018; Barbosa et al., 2014; Montafio
et al., 2016; Wallén et al., 2011). The Polar H7 (Polar Electro
Oy, Kempele, Finland) served as a heart rate sensor at SHC
“Rytm”, data was transmitted by Bluetooth and registered
with the “Rytm” software.

The electrode belts of Polar RS800 and SHC “Rytm” sen-
sor were placed just below the chest muscles as described by
the manufacturer. We used a 3-electrode system for ECG re-
cording. The electrodes were placed on the chest wall equidis-
tant from the heart. Test protocol included a 2 minutes step
test (20 steps per minute, platform height — 40 cm) with the
next 3 minutes recovery period. Data were recorded continu-
ously during the step-test and the recovery period.

Statistical analysis

Obtained by SHC “Rytm”, CardioLab CE12, and Polar
RS800 the RR intervals series were analyzed by Kubios HRV
2.1 (Kuopio, Finland) software for artifacts correction (low
level of correction). The corrected data were synchronized
and analyzed by MS Excel version 2010 (Microsoft Inc.,
USA). Standard statistical methods were used to calculate
the means and standard deviations. A paired t-test or, when
appropriate, a paired Wilcoxon test, was used to detect the
presence of systematic difference. The Bland-Altman statisti-
cal analysis with calculation of bias and limits of agreement
(LoA), along with a determination of intraclass correlation
coeflicient (ICC) were used for comparison. Statistical analy-
sis was carried out by MS Excel 2010 and OriginPro 9.1 soft-
ware. Statistical significance was set at p = 0.05 level for all
analyses.

Results

Data of table 1 reveals that the number of detected RR
intervals and the mean values of the RR intervals were the
same for all tested devices both under the physical loads and
during the recovery period. The results of CardioLab CE12
are not included in analyses in the case of physical loads be-
cause of a large number of artifacts, generated by contracted
muscles. Most probably, the artifacts could not be effectively
removed by device hardware and software means because the
CardioLab CE12 was designed for the ECG recording at rest.

As the normality of data distribution was rejected by
Kolmogorov-Smirnov approach, the median values and
quartiles (Q1 and Q2) were also analyzed. We have found
no difference in the median values of RR intervals and a very
small (1 ms) difference in quartile values for all devices (Ta-
ble 1). These findings strongly support the good repeatability
of the HSC “Rytm” data as compared to medical devices or
well-approved sports devices.

The most common approaches to analyzing the repeat-
ability of data obtained by different devices are plotting of
the Bland-Altman diagram, determination of the limits of
agreement (LoA), and the calculation of intraclass correla-
tion coefficient (ICC) (Dogan, 2018; Montenij et al., 2016).
The Bland-Altman plots for Polar RS800 and SHC “Rytm”
are presented in Fig. 1. Data showed at the plots confirm the
good agreement among the devices.
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Table 1. Statistical description of the sets of RR intervals recorded by different devices during the physical loads

Index Step-test performance Recovery period
Polar RS800 HSC “Rytm” CardioLab Polar RS800 HSC “Rytm”
Number of intervals 4707 4707 4785 4785 4785
Mean (ms) 489.65 489.71 731.00 730.91 731.23
SEM (ms) 0.90 0.90 3.13 3.13 3.13
SD (ms) 61.46 61.46 216.84 216.70 216.85
Median (ms) 484.00 484.00 704.00 704.00 704.00
Q1 (ms) 484.00 484.00 557.00 557.00 558.00
Q3 (ms) 441.00 441.00 876.00 876.00 877.00
Note: M - arithmetical mean; SEM - standard error of the mean; SD - standard deviation, Q1 - 1st quartile; Q3 - 3rd quartile.
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Fig. 1. Bland-Altman plot of RR intervals comparison between Polar RS800 and SHC “Rytm” during the step-test (a) and
during the recovery period (b). Limits of agreement are indicated by horizontal lines

Table 2. Analysis of the repeatability in RR time series measured by different devices during the step-test (n = 4707)
or recovery period after the test (n = 4785)

Pairs of compared devices

Index Step-test Recovery period
Polar RS800 - HSC  CardioLab - Polar CardioLab - HSC  Polar RS800 -HSC
“Rytm” RS800 “Rytm” “Rytm”
Mean ARR (ms) -0.06 0.09 -0.24 -0.33
SEM ARR (ms) 0.03 0.17 0.12 0.14
LoA (ms) -3.83-3.72 -22.60 - 22.79 -16.18 - 15.71 -19.74 - 19.09
ICC 1.000 0.620 0.621 0.620
r 0.999 0.998 0.999 0.999

Note: Mean ARR - bias in the duration of the RR interval recorded by two different devices; SEM - standard error of the mean;
LoA - limits of agreement; ICC - intraclass correlation coefficient; r - Spearman correlation coefficient

The RR data bias in the case of physical loads was very
low (-0.06 ms), while during the recovery period is increased
to 0.09-0.33 ms (Table 2). As the bias in all cases was less
than 1 ms it could be considered acceptable for the heart rate
and HRV estimation. Calculated LoA ranged from 3.7 ms
to 22.8 ms, depending on the period of measurements and
pair of compared devices. The LoA tended to be larger for
the measurements, performed during the recovery period.
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The possible explanation for this is the higher level of the
variability of RR intervals and higher duration of RR intervals
during recovery, which causes the proportional increase in
both bias and LoA.

We determine the intraclass correlation coefficients
(ICC) according to the Weir model 3.1 (Koo & Li, 2016).
Both values of ICC (0.62-1.00) and Spearman correlation
coeflicient (0.99) were high enough to suggest very high re-
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Table 3. Comparison of heart rate variability indexes (M + SEM), derived from the RR data from different devices during

the step-test

Recording device

Polar RS800 - HSC “Rytm”

HRYV index
Polar RS800 HSC “Rytm” r p bias LoA
Mean RR (ms) 494.61+10.73 495.91+10.81 1.00 0.15 -0.06 0.03 --0.14
Mean HR (1/min) 123.15+2.73 122.85+2.75 1.00 0.15 0.30 2.04 - -1.44
STD RR (ms) 37.68+2.97 37.96+3.03 1.00 0.13 -0.03 0.32--0.38
RMSSD (ms) 8.78+1.27 9.08+1.35 0.98 0.25 0.002 0.58 - -0.58
PNN50 (%) 0.44+0.27 0.54+0.30 0.97 0.24 -0.03 0.34--0.39
RR tri index 5.69+0.39 5.47+0.34 0.94 0.12 0.22 1.41 --0.97
VLF (ms?) 382.27+71.43 386.82+72.62 1.00 0.25 0.24 3.50 - -3.02
LF (ms?) 39.82+12.76 39.80+12.74 1.00 0.98 0.04 1.26 - -1.17
HF (ms?) 24.33+11.41 24.23+11.20 1.00 0.85 -0.34 2.45--3.14
VLF (%) 79.73%5.05 79.88+5.00 1.00 0.62 0.13 1.01 --0.76
LF (%) 13.81+3.73 13.71+3.72 1.00 0.48 0.004 0.27 --0.28
HEF (%) 6.42+1.99 6.37£1.93 1.00 0.76 -0.11 0.61 --0.82
LF/HF ratio 3.69+0.61 3.48+0.57 0.99 0.05 0.21 1.10 - -0.67
SD1 (ms) 6.25+0.90 6.47+0.96 0.98 0.24 0.001 0.41 --0.41
SD2 (ms) 51.99+4.21 52.33+4.29 1.00 0.16 0.003 0.17--0.18

Note: LoA - limits of agreement; HR - heart rate; STD RR - standard deviation of RR intervals; RMSSD - square root of the mean
squared differences between successive RR intervals; pPNN50 - percentage of successive intervals with a difference greater than 50 ms
compared to the previous interval; RR tri index - the integral of the RR interval histogram divided by the height of the histogram;
VLE LF and HF - absolute (ms2) or relative (%) powers from very low frequency, low frequency and high frequency bands respec-
tively; LE/HF - ratio of LF to HF; SD1 and SD2 - from Poincaré plot the standard deviation perpendicular to or along to the line-of-

identity respectively

Table 4. Heart rate variability indexes (M + SEM), derived from the RR data from different devices during

recovery period

Recording device

HRV index Cardio Lab Polar RS800 HSC “Rytm”
Mean RR (ms) 754.46232.45 754.23£32.47 754.29£32.37
Mean HR (1/min) 86.92+3.54 86.90+3.55 86.87+3.55
STD RR (ms) 165.61+12.53 165.17+12.48 165.12+12.45
RMSSD (ms) 56.77+4.35 55.56+4.30 56.20+4.34
PNN50 (%) 33.08+3.71 32.2743.60 32.7043.60
RR tri index 22.11£1.59 21.63+1.61 20.45+1.47
VLF (ms?) 10696+1798.51 10816+1852.22 10765+1835.21
LF (ms?) 2091.77464.70 1902.54+370.65 2090.19+465.92
HF (ms?) 1920.12+212.90 1840.49+209.59 1913.424211.74
VLE (%) 66.59+3.46 67.43+3.53 66.69+3.47
LF (%) 16.66+2.82 16.1242.75 16.62+2.82
HE (%) 16.71+1.68 16.42+1.73 16.67+1.68
LE/HE ratio 1274027 1.26+0.25 1.2840.27
SDI (ms) 40.26+3.09 39.40+3.05 39.85+3.08
SD2 (ms) 229.95+17.51 229.56+17.46 229.40+17.41

Note: legend - as in the table 3

peatability of the data (Koo & Li, 2016). Nevertheless, some
differences in the duration of RR intervals, registered by
different devices, may cause deviations in the estimation of
HRYV indexes. Therefore, the final conclusion should be made
based on the calculation and analysis of HRV indexes, de-
rived from the obtained data.

On the next stage of the analysis, we intended to test if
the obtained values of bias and LoA for RR data were narrow
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enough to avoid substantial differences in the HRV indexes,
derived from the data. For this purpose, the HRV indexes
were calculated by Kubios HRV 2.1 software (Kuopio, Fin-
land) from the RR time series, recorded by different devices,
with the next comparative analysis (Tables 3-5). The signifi-
cance of the difference was determined by paired t-test or
paired Wilcoxon test, depending on the Shapiro-Wilk crite-
rion of data distribution normality.
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Table 5. Comparison of heart rate variability indexes (M + SEM), derived from the RR data from different devices during

recovery period

CardioLab CE12 - Polar RS800

CardioLab CE12 - HSC “Rytm”

Polar RS800 - HSC “Rytm”

HRV index r p bias (LoA) r p bias (LoA) r P bias (LoA)
Mean RR (ms) 1.00 0.43 0.33 (2.80; -2.15) 1.00 0.55 0.23(2.80;-2.34) 1.00 0.80 -0.06 (1.89; -2.01)
Mean HR (1/min) 1.00 0.80 0.01 (0.46; -0.45) 1.00 0.32  0.002(0.18;-0.18) 1.00 0.18 0.03 (0.23; -0.17)
STD RR (ms) 100 0.10 0.24 (1.90; -1.43) .00 0.16 0.50(3.49;-2.49) 1.00 086  0.11(2.40;-2.17)
RMSSD (ms) .00 0.01 1.21 (4.63; -2.21) .00 0.08 034(222;-1.53) 1.00 005 -0.64(2.09; -3.37)
pNN50 (%) 0.99  0.05 0.81 (4.17; -2.56) 100 022  039(3.04;-227) 1.00 021  -0.42(2.43;-3.27)
RR tri index 0.89 0.53 0.48 (7.07; -6.11) 0.81 0.09 1.01(7.11;-5.09)  0.93  0.07 1.18 (6.53; -4.17)
VLF (ms?) 1.00 0.32 5.73 (59.63; -48.167) 1.00 0.38 2.15(77.51;-73.20) 1.00 0.40 14.52 (93.05; -64.00)
LF (ms?) 1.00 0.08 10.99 (122.81;-100.82) 1.00 0.86 -1.42(43.13;-45.97) 1.00 0.09 -17.08 (56.25;-90.40)
HF (ms?) 096 0.22 18.363(167.01;-129.78) 0.96 0.47 7.65(65.24; -49.94) 1.00 0.26 -20.71 (30.24;-71.65
VLEF (%) 0.99 0.06 -0.51 (1.73; -2.75) 1.00 0.36 -0.12(0.74;-0.98) 0.99 0.07 0.42 (2.33; -1.48)
LF (%) 0.99  0.08 0.37 (2.60; -1.86) 100 052  0.002(0.50;-0.49) 1.00 0.08  -0.33 (1.64;-2.30)
HF (%) 0.99 0.19 0.13 (1.43; -1.16) .00 0.68 0.12(0.80;-0.57) 0.99 023  -0.25(1.51;-2.01)
LF/HF ratio 096 0.87 0.06 (0.67; -0.56) 0.95 0.44  -0.01(0.07;-0.08) 1.00 0.81 -0.02 (0.70; -0.74)
SD1 (ms) 100 0.01 0.70 (2.75; -1.34) .00 0.08 025(1.28;-0.78) 1.00 0.06 -0.21(0.91;-1.33)
SD2 (ms) 1.00 0.23 0.09 (1.85; -1.67) 1.00 0.22 -0.19(1.51;-1.88) 1.00 0.66 -0.16 (1.05; -1.39)

Note: legend - as in the table 3.

Data of Tables 3 confirmed the absence of significant
differences between the majority of HRV indexes, calculated
from RR intervals data, obtained by Polar RS800 and HSC
“Rytm” during the physical loads. The only exception was
LF/HF ratio, for which a significant difference in values along
with a high range of LoA was found.

Results, presented in Table 4 and 5, revealed the absence of
a significant difference between HRV indexes, based on data of
CardioLab CE12 and HSC “Rytm”. Comparison of Polar RS800
and HSC “Rytm” found only one case of statistically significant
difference — the RMSSD value. However, the small bias (-0.64
ms) and a range of LoA (2.09 - -3.37 ms) seemed to be accept-
able for the correct estimation of RMSSD (56-57 ms). The larg-
est numbers of different HRV indexes have been found during
the comparison of CardioLab CE12 and Polar RS800. Differ-
ences were found between RMSSD, pNN50, and SD1. Correla-
tion between HRV indexes was very high in all pairs of devices.

Discussion

Most studies dealing with the agreement between RR
intervals data, obtained by Polar S810 and other devices, have
reported the bias of 0.41-2.4 ms (Caminal et al., 2018; Cas-
sirame et al., 2017; Braga et al,, 2016). In the present study,
the bias in RR intervals is found to be only -0.06 ms dur-
ing the step-test performance and ranges from 0.09 ms to
-0.33 ms for different devices in the recovery period. These
results suggested the very low level of the systematic error of
RR interval measurements by HSC “Rytm”. The suggestion is
strongly supported by values of LoA, obtained during com-
parison of HSC “Rytm” with other devices. The lowest LoA
values, found in the case of step-test performance (-3.83-3.72
ms), are comparable with findings of Porto et al. (2009) -
-6.37-2.67 ms. Although the LoA are found to be larger in
the recovery period (up to -19.74-19.09 for the pair Polar
RS800-HSC “Rytm”), they remain in the range, reported by
other authors — -23.40-24.9 ms (Braga et al., 2016). The values
of the Spearman correlation coefficient for HSC “Rytm” data
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and data from other devices is 0.99 and reach the highest
levels, mentioned in other studies (0.97-1.00) (Nunan et al.,
2008; Caminal et al., 2018). The ICC is also very high (1.000)
in the case of Polar RS800 and HSC “Rytm” comparison dur-
ing step-test. The levels of ICC (0.62) in a recovery period
are not as high, as obtained by other researchers (0.98 to
0.9994) (Nunan et al., 2008; Hernando et al., 2018). Despite
this, they are high enough to support the suggestion of a good
data agreement. In summary, these results provided strong
evidence of good repeatability of RR intervals data, obtained
under the physical loads by SHC “Rytm” and “gold standard”
devices — CardioLab CE12 and Polar RS800.

Because the final goal of the time series of RR intervals
registration is the analysis of heart rate variability, we have
examined the possible difference between the HRV indexes,
calculated from the data of HSC “Rytm” and other devices.
First of all, it is advisable to mention the RMSSD index, as it
is analyzed in many studies (Nunan et al., 2008; Wallén et al.,
2011; Caminal et al., 2018). The ranges of LoA for RMSSD,
reported in these researches, in most cases do not exceed 2 ms,
although values of 26 and 60 ms are also registered. Our results
reveal the 0.58 ms range of LoA during the step-test, and up to
4.63 ms range in the recovery period. Although our data show
a low level of LoA, a significant difference is found between
RMSSD, obtained in the recovery period from Polar RS800
and both HSC “Rytm” and CardioLab CE12. There is no sig-
nificant difference between RMSSD, derived from the data of
CardioLab CE12 and HSC “Rytm”. The correlation coefficient
is high (r = 1.00) in all cases. Thus, we can suppose the good
reproducibility of the results of time-domain HRV analysis,
based on the data of HSC “Rytm” and medical ECG device.

Past research revealed the LoA up to 22.6 ms* for VLE,
68.0 ms? for LE, and 47.0 ms* for HF indexes of frequency-
domain HRV analysis based on Polar S810 data ECG data
(Vanderlei et al., 2008; Wallén et al., 2011; Weippert et al.,
2010). Despite the larger ranges of the LoA, obtained in our
study during the rest period, we show an absence of signifi-
cant difference and very high correlation between the VLEF,
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LE and HF indexes, based on the data of HSC “Rytm” and
other devices. In the case of physical loads, our data is close
to the ranges of 5-7 ms?, reported by other authors (Nunan
et al., 2008; Giles & Draper, 2015). In summary, this finding
may indicate the high accuracy of the reproduction of the
frequency-domain HRV indexes, based on HSC “Rytm” data.

There are very few studies on the differences in the in-
dexes of nonlinear HRV analysis (SD1 and SD2), derived
from the data of Polar S810 and other devices (Gamelin et al.,
2006, 2008; Cassirame et al., 2017; Giles et al., 2015). The re-
ported LoA ranged from -0.2-0.24 ms to -0.85-1.55 ms. Our
research shows the LoA less than 0.41 ms in conditions of
physical loads, and up to 1.88 ms during the recovery period.
There is no significant difference in the SD1 and SD2, derived
from the data of HSC “Rytm” and other devices. Hence, we
can suppose the high reproducibility of the nonlinear HRV
analysis, derived from the data of HSC “Rytm” and well-ap-
proved devices.

The HSC “Rytm” and other devices show very high cor-
relations (r = 0.81-1.00) between time-domain, frequency-
domain, and nonlinear HRV indexes, similar to levels found
in previous research with the Polar S810 (Gamelin et al. 2006,
2008; Nunan et al. 2009; Vanderlei et al. 2008). The high cor-
relation is found both in conditions of physical loads and
recovery period.

In summary, our results clearly suggest that in condi-
tions of physical loads performance both the mean values
and variability of RR intervals, registered by SHC “Rytm’, do
not differ significantly from those registered by the ECG sys-
tems (CardioLab CE12) and sports device with a high level of
accuracy (Polar RS800).

Conclusions

Obtained data confirm the absence of significant dif-
ferences between the RR time series, registered during the
physical loads by SHC “Rytm” and two well-approved devices
- ECG recorder CardioLab CE12 and Polar RS800.

Our research provided strong evidence of a good agree-
ment between the HRV indexes (except for the LF/HF ratio)
based on SHC “Rytm” and Polar RS800 data in conditions
of step-test performance. No differences are found between
HRV indexes derived from SHC “Rytm” and CardioLab
CE12 data in the recovery period, although some differences
are present in RMSSD, pNN50, and SD1 between CardioLab
CE12 and Polar RS800. The SHC “Rytm” appears to be ac-
ceptable for RR intervals registration and the HRV analysis
in conditions of physical loads.
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ANPOBAUIA BUKOPUCTAHHA MPOrPAMHO-AINAPATHOIO
KOMMNNEKCY «PUTM» ANA BUMIPIOBAHHA KAPAIOIHTEPBAJIB
TA AHAJI3Y BAPIABEJIbHOCTI CEPLEBOIO PUTMY

B YMOBAX ®I13UMHUX BMNPAB TA BIAHOBJIEHHA

JTro6omup BoBkanmy'4BCP

[I3BenncnaBa beprrpaym'®?, CranicnaB Kpacp

, IOpiit Bopenupskuit'*’E, BikTop COK0mMOBChKMUIT
1BD

1ACD
>

!JIpBiBCHKMIT Aep>KaBHUI YHiBepcuTeT ¢isndHol KynbTypu iMeni IBana bobepcpkoro

ABTOpCHKNMIT BKIAJ;: A — Iu3aiits gocnipkenns; B — 36ip ganux; C - cratananis; D - migroroska pykomcy; E - 36ip komris

Pedepar. Crarrs: 8 c., 1 puc., 5 Tab., 30 mxeper.

MeToX0 TOCTi>KEeHH A 6y)1a OIliHKa TOYHOCTi BYMipIOBaHb
YaCOBMX PAJiB KapioiHTepBaliB Ta OTPMMAaHMX Ha iXHill OCHOBI
NOKa3HMKiB BapiabenbHOCTI ceprieBoro purmy (BCP) 3a gomo-
MOTOI0 IIporpaMHo-anaparsHoro komiviekcy (ITAK) «Putm» B
yMoBax GisMYHMX HaBaHTAXXEHb Ta NIePiofy Bi[HOBICHHA.

Marepianu i MeTogu. Y4acHuKaMn JOCIipKeHb Oymu 20
oci6 Bixom 19,7 + 0,23 pokiB, 40/10Bi40I cTaTi, 6€3 BUABIECHNX
naTosoriit. [lani peectpyBann OffHOYACHO 3 BUKOPMCTAHHAM
CardioLab CE12, Polar RS800 ta ITAK «Putm». JocmimxyBani
BUKOHYBa/M 2-XBIUIMHHNI cTen-TecT (20 KpoKiB Ha XBUINHY,
BUCOTA CXOAMHKY — 40 CM) 3 HACTYIIHUMM 3-XBWIMHHKM IIepi-
oznoM BifimounHKy. ITokasuuku BCP pospaxoByBanu 3 BUKOPHK-
cranuaM Kubios HRV 2.1.

Pesynbpratn. CepesHe BigXuieHHA TpUBANOCTi KappaioiH-
TepBay B yMOBaX (Qi3MUHMX HaBaHTaXXeHb CTaHOBWIO -0,06 Mc,
y Iepiof BiJHOBNIEHHA 11 Benm4nHa 3pocrana go 0,09-0,33 mc.
Mexi poBipunx iHTepBaniB KonMBanuch Bif 3,7 Mc fjo 22,8 Mc,
3aJIe)KHO Bifl Iepiofly BUMiploBaHb Ta Iapy IOPiBHIOBAHMX
npucTpois. Lli Bemmunuy MOXXHA BBaXKaTy NPUMHATHUMMA [/Is
KOPEeKTHOTO OLIiHIOBAaHH: YaCTOTH CeplieBUX cKopodeHb Ta BCP.
3HaveHHs BHY TPIllIHbOK/IACOBMX KoedilienTiB Kopesnii (0,62-

1,00) Ta xoedinienTis xopemsuil Cnipmena (0,99) 6ynu gocutsb
BUCOKUMI, [0 MPUITYCTUTK JyXKe BUCOKY BifTBOPIOBAHICTDb
maHux. Hamu He BusBieHo Biporipnoi pisHuni (p > 0,05) Ta
mmokasaHa TicHa Koperanis (r = 0,94-1,00) mix 6imburicTio iH-
nekciB BCP, pospaxoBanux 3a ganumu Polar RS800 ta ITAK
«Putm», Ak B ymoBax disnyHux HaBaHTaxeHb (okpiv LF/HF),
Tax i B nepiox BigHoBneHHs. ITopiBHAHHA gaHux Polar RS800
ta [TAK «Putm», 0oTpuMaHux y nepiof; BifHOBNIEHHS, BKa3ye Ha
HasIBHICTH BigMiHHOCTI (p < 0,05) /Iyiiie [/1s1 OHOTO IIOKa3HMKA
(RMSSD). Haiibinpira KinbKicTh BiMiHHOCTe} y IOKa3HMKAX
BCP BusiBrena mip yac mopiBasaHHs CardioLab CE12 Ta Polar
RS800 — RMSSD, pNN50 Ta SD1. BusiBnena TicHa KopenALisa
Mmix mokasuukamu BCP (r = 0,81-1,00) st Beix map mpumazis
Ta y BCi Iepiofy BUMipIOBaHb.

Bucnoskn. ITAK «Putm» XapakTepusyerbcsa HpUITHAT-
HMM piBHEM TOYHOCTi BMMIipIOBaHHA KappioiHTepBasiB Ta
ananisy BCP B ymoBax ¢isuyHNX HaBaHTa)XXeHb Ta B Iepiof
BiJTHOBJ/IEHHSI.

KnrouoBi croBa: enexrpoxappaiorpadis, Polar RS800, ana-
ni3 Brenga—AbTMaHa, Koedil[ieHT Kope/Alii BHy TpilllHbOK/Ia-
COBOTO 3B’AI3KY.
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Abstract

The study purpose was to follow a prospective cohort study design to use gait kinematic parameters to identify the
risk factors and to develop a statistical model to predict running-related lower limb injuries of sportspersons.
Materials and methods. BTS G-WALK" gait analysis system was used to collect gait kinematic data of 87 subjects from

an institute of physical education and sports science.

The subjects were followed for a full academic season after which the researcher inquired about their injury
occurrences. Binary logistic regression was used to develop a prediction model to predict lower limb injuries of

sportspersons.

Results. The result of the study revealed that increasing Range of Obliquity, Range of Tilt and Range of Rotation were
associated with increased likelihood of future running-related lower limb injury. However, the lower Symmetry Index
was associated with increase in the likelihood of future running-related lower limb injury.

Conclusions. The study confirmed that it is possible to predict injury, but for practical implication further research is

essential with a bigger sample size.

Keywords: sports injury, lower limb injury, gait kinematics, cohort study, injury prediction, logistic regression.

Introduction

“Whether one is a professional athlete
or a weekend warrior, almost every
participant in sports incurs physical
injury at one time or another”

By Conrad (2006)

Despite the fact that there is no widely recognised defini-
tion for sports injury, the injuries sustained by exercising are
considered as “sports injuries” (Bahr & Krosshaug, 2005; Mc-
Crory, 2006). For certain people, the analytical conversation
over the concept of an injury is an excessive over-complica-
tion of a basic problem. But for an in-depth clinical report for
a study on a particular condition, deciding what injury en-
tails might not be so straightforward (Verhagen & Mechelen,
2010). Injury types determined by different scholars have had
different meanings. Definition by the International Olympic
Committee (IOC) is the most suitable which describe sports
injury as damage to body tissues resulting from sports, ex-
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ercises, or from other physical activities (Roald Bahr et al,,
2012).

Regardless of the injury’s diagnosis, an athlete will face
varying degrees of expected effects depending on his degree
of participation in the sport (Kraemer et al., 2009). Profes-
sional athletes may have a high risk of losing their money,
losing their contracts, and even losing their lives. A team’s
loss of a significant player at a time of competition is the
worst moment result in loss of financial resources and a loss
of the team’s growth. Young and growing athletes may need
to shut down their sports career even before they get the op-
portunity for actual begin. The results may lead to significant
issues with family members, social interactions and losing
the ability for daily activities.

Researchers have cited several factors that may contrib-
ute to sports-related injuries (Saragiotto et al., 2014). A single
specific and identifiable event can cause acute injury, while
chronic and overuse injuries can occur without evidence
of a single identifiable event due to repeated micro-trauma
(Knight, 2008; Verhagen & Mechelen, 2010). Numerous re-
searches have also been conducted to predict injuries and
appropriate precautions have been suggested to prevent it.
Slobounov (2008) observed a correlation between postural



ISSN 1993-7989 (print). ISSN 1993-7997 (online). Teopis Ta MeTogunKa ¢isnyHoOro BuxoBaHHsA. Tom 21, Ne 1

instability and sports injury. Apart from various internal
factors, external factors such as a biomechanical pattern of
movement, training schedule, or the training surface are in-
dictors for sports injuries (Harris-Hayes et al., 2016). Studies
conducted on running injury have identified several factors
to understand the root cause of running injuries. Zhang et
al. (2017) said abnormal gait kinematics is associated with
overpronated feet, resulting in overuse injuries. Zhang et al.
(2017) also suggested that foot kinematics of persons with
overpronated feet must be examined for better understand-
ing about the mechanism of overuse injuries. Powell and
Barber-Foss (1999) and Sorenson (2009) had explored the
possible utility of pre-participation screening methods to
identify athletes who are at higher risk of suffering sports in-
jury. Physical trainers or coaches can identify biomechanical
deficits of their trainees, build preventative strategies, and can
minimise the number of injuries (Kruse & Lemmen, 2009;
Sorenson, 2009). Mokha et al. (2016) found asymmetry func-
tional movement screen (FMS) score as a better predictor of
musculoskeletal injuries. Springer et al. (2016) found that
gait analysis can be used in the diagnosis of shoulder overuse
injury. Azzam et al. (2015) and Whittaker et al. (2017) had
suggested to focus on high-quality cohort studies to find the
most relevant results of movement quality in the prediction
of risk of injury.

Injuries induce health care cost for young athletes. More
of it, if after investing so much time, resources, and effort,
if the player gets injured; all their hard work will go in vain.
If someone could predict injury; he/she can take proper ac-
tion to mitigate it. Prediction is an integral aspect of statistical
analysis. There are several approaches to statistical prediction.
Generally, statistics provides knowledge of population based
on sample population; but for predictive statistical analysis, it
is not necessarily the same (Johnson et al., 2012; Verma, 2013).
The process of prediction is called forecasting and it requires
time series data (Verma, 2013). Various regression analysis
methods and their subcategories are used for predictive stud-
ies. Prediction is mainly an extrapolation of a problem (Stey-
erberg, 2009). For example, “which team is going to win the
next soccer tournament?” Or, “how long it will take Usain Bolt
to complete the upcoming 100-meter race?” Steyerberg (2009)
feels that the researcher should also be concerned about hy-
pothesis testing. For example, is the height of an athlete a
predictor of high jump performance. Or in general: what are
the factors responsible for high jump performance?

A prospective cohort study is a longitudinal cohort study
that observes a group of similar individuals over time who
may vary with respect to certain factors, to determine how
these factors influence a certain outcome (Mann, 2012; Ran-
go, 2016). The prospective cohort studies are essential for
understanding the causes of diseases and disorders (MacGill,
2018). The one distinguishing feature of a prospective cohort
study is that it is a study that starts before the participants
have established all the outcomes of interest (Setia, 2016).
Subjects in a prospective cohort study are tracked over a long
period to see if an outcome happens, and to establish any as-
sociation between the exposures and the outcome (Song &
Chung, 2010). This way, researchers will eventually use the
data of exposures to address several questions about the as-
sociations between «risk factors» and the outcomes (Verma,
2016). The principal benefit of a prospective cohort study is
that it allows for longitudinal observation of the risk factors
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in a case, and the compilation of results are at regularly sched-
uled intervals, so that recall error can be minimised.

Lower limb area is the most vulnerable to overuse inju-
ries, most of which occur at, or below the knee, with the most
frequent injuries being patellofemoral pain, medial tibial
stress syndrome, achilles tendinopathy, and plantar fasciitis/
plantar heel pain (Callahan, 2020). Running is the main com-
ponents of any sports training and faulty running mechan-
ics is the root cause of lower limb musculoskeletal overuse
injuries. The latest study shows that examination of activ-
ity patterns can not only reflect the anomalies arising from
complicated walking activities but can be used to anticipate
musculoskeletal injuries (Aicale et al., 2018; Hreljac, 2004).
Thijs et al. (2007) observed that anterior knee pain can be
predicted by pressure distribution during initial contact and
loading response. Another study concluded that gait-related
risk factors were the root cause for exercise-related lower leg
pain among 400 students (Willems et al., 2006). Research
showed that participants who suffered from sports-related
lower limb injury had a distinct running pattern relative to
participants without injury (Hamill et al., 2012). Additionally,
there is an increasing number of studies demonstrating that
variability or fluctuation of gait favourably modulates injury
risk for overuse injuries among runners (Ferber et al., 2009;
Hamill et al., 2012; Messier et al., 2018).

Having gone through the related research, and recognis-
ing the potential use of gait parameters as predictors of lower
limb musculoskeletal injuries, it can be speculated that ana-
lysing the gait pattern during running activities may help to
categorise the sportspersons at risk of lower limb injuries and
to find risk factors for injuries of the sportsperson. Therefore,
the purpose of the current study was to follow a prospective
cohort study design to use gait kinematic parameters to iden-
tify the risk factors and to predict running-related lower limb
injuries of sportspersons.

Materials and methods

Study participants

All participants were purposively selected from an in-
stitute of physical education and sports science courses. Ini-
tially, a total of 87 participants were selected and all were 1st-
semester students of the academic session 2017 & 2018. The
average age of the participants was 18.39+1.02 years, weight
62.30+7.44 kg and height 171.19+5.87 cm. It was made sure
that nobody was injured during the time of commencement
of data collection for the study. The participants went through
a common conditioning programme at the institute for an
entire academic semester. All participants had been special-
ised in their games or sports. Apart from their regular and
common conditioning program, the participants continued
to take parts in their specialised games or sports practice.

Ethics and consent of data collection

All procedures for data collection were followed as per
the decision and instruction of the review board of the insti-
tute. The supervisor of the researcher was constantly guiding
and supervising the procedures throughout the data collec-
tion period. Prior consent to participate in the study was tak-
en from the subjects before the collection of data. A consent
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Table 1. List of variables

SI. No. Variables Explanation

1. Cadence (C) Cadence is the average value of the number of steps per minute over the whole trial. The
unit of measurement is ‘steps/min.

2. Stance phase duration (STPD) Stance phase duration is the average duration of the right and left foot support phase. It
is measured in the unit of ‘% of the running cycle’

3. Swing phase duration (SWPD) Swing phase duration is the average duration of the right and left foot swing phase. The
unit of measurement is ‘% of the running cycle.

4. Float phase duration (FPD) Float phase duration is the average duration of the phase in which none of the two feet
is on the ground. The unit of measurement is ‘% of the running cycle.

5. Propulsion speed (PS) Propulsion speed is the average pushing speed when the limb is in contact with the
ground. It is measured in the unit ‘m/s.

6. Range of pelvic tilt (RT) Pelvic tilt is the rotation of pelvic in the sagittal plane. Range of pelvic tilt is the amount
of variation between the highest and lowest angle of rotation of pelvic in the sagittal
plane. The unit of measurement is ‘degree’

7. Range of pelvic obliquity (RO) Pelvic obliquity is the rotation of pelvic in the frontal plane. And the range of obliquity
is the amount of variation between the highest and lowest angle of rotation of pelvic in
the frontal plane. The unit of measurement is ‘degree’.

8. Range of pelvic rotation (RR) Pelvic rotation is the rotation of pelvic in the transversal plane. Range of rotation is the
amount of variation between the highest and lowest angle of rotation of pelvic in the
transverse plane. The unit of measurement is ‘degree’

9. Symmetry index (SI) Symmetry index comes from the comparison between right and left running cycle. It is

the index of similarity between right and left running cycle.

form was given to the subjects before the start of data collec-
tion which was comprised of information about the study
and the rights of the subjects. The subjects were also provided
with the right to withdraw from the study. Data were col-
lected with the minimum risk of injury to the subjects.

Selection of variables

After careful review of the related literature and the au-
thors own understanding, the following variables had been
selected for the current study (Baker, 2013; Kirtley, 2006; Lev-
ine et al., 2012; Richards et al., 2013; Whittle, 1991) (Table 1).

Selection of equipments

The gait kinematic parameters were obtained using the
BTS G-WALK® gait analysis system. The G-WALK system
is composed of an inertial sensor, i.e., G-Sensor and a dedi-
cated software named as G-Studio. The G-Sensor is made
up of three different sensors, an accelerometer (+1.5 g, +6
g), a magnetometer and a gyroscope (£300 gps, +£1200 gps)
and are coupled with the sensor fusion technology. The tri-
axial accelerometer measures acceleration in three axes of
movement, the triaxial gyroscope measures rotation in three
axes, and the magnetic sensor provides a positional sense.
The G-Studio software is a must to use when analysing and
controlling the G-Sensor system. The entire BTS G-WALK"®
system can provide objective data and allows for comparisons
between the left and right sides of the body as well as regular
data. The system also provides kinematic data on the pelvis
and lower limbs of the human body (BTS SpA, Milan, Italy).

Test protocol

The Run Protocol of the BTS G-WALK” system was im-
plemented to acquire gait kinematic data. The sensor was po-
sitioned below the S1-S2 vertebra between the two dimples of
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venus. The device was centred on the vertebral line pointing
upwards. The belt was tightened as much as required to deter
displacement during the test.

The test was administered inside a laboratory which fa-
cilitated a treadmill. The test was started with the subject
standing in a still position on the treadmill. The position was
maintained for a few seconds until the end of the stabiliza-
tion phase. Following the command from the operator, the
subjects started to run on the treadmill. The operator steadily
increased the treadmill speed until it reached 8 km/h. The
subjects maintained this speed for at least 5 minutes. After
completion of 5 minutes, the operator stopped the treadmill
and manually enter the total distance travelled by the subject
to the software. After entering the distance manually, BTS G-
WALK?® gait analysis system automatically generated values
of spatio-temporal parameters, pelvic kinematics, and sym-
metry index which was further used for the study.

Experimental Protocol

The prospective cohort study design was used for the
present study. A group of people with identical characteris-
tics were observed over time. The differences among group
individuals with respect to certain factors were identified and
recorded initially and later it is analysed how these differ-
ences in selected factors affect certain outcomes. The subjects
follow their general conditioning program for a full academic
season after which the researcher inquired about their injury
occurrences. Afterwards the researcher analyses how differ-
ences in gait kinematic affect the occurrence of injury among
the subjects. The whole experimental protocol is explained
using figure 1.

Statistical analysis

Binary logistic regression is generally used to predict the
odds of occurrence of an event whose outcomes are binary



ISSN 1993-7989 (print). ISSN 1993-7997 (online). Teopis Ta MeTogunKa ¢isnyHoOro BuxoBaHHsA. Tom 21, Ne 1

OBRSERVATION
OVERTIME

SUBJECTS

-~

A
ouTcoME

R .
¢ ?
RESEARCHER

Fig. 1. Prospective cohort study design

in nature (Verma, 2013). Using binary logistic regression, a
prediction model can be developed to predict a dichotomous
dependent variable based on categorical or numerical inde-
pendent variables (predictors). In the current study also, the
researcher intended to develop a model to predict lower limb
injuries of sports person based on some spatial-temporal gait
kinematic parameters. Simple descriptive statistics were first
used to summarize the data for the study. To find the fac-
tors affecting the occurrence of running-related lower limb
sports injuries and to develop a predictive model, binary lo-
gistic regression was used employing IBM SPSS Version 25.0
(Armonk, 2017). All statistical tests were calculated at the
significance level of 0.05.

Results

The initial investigation reported that out of 87 subjects,
2 subjects got accidental injuries, therefore those subjects
were excluded from the study. The effective and final num-
ber of subjects became 85 (N = 85). The average age of the
subjects was 18.40 + 1.01 years, weight 62.35 + 7.52 kg, Hight
171.22 £ 5.93 cm with an average BMI of 21.24 + 2.05 (Ta-
ble 2). Out of the effective 85 subjects, 20 (23.5%) subjects
suffered from lower limb injuries (Table 3).

Before the application of binary logistic regression, sim-
ple descriptive statistics were calculated to summarise the
values of independent variables (Table 4). The assumptions
were also verified and it was found that all assumptions were
fulfilled by the data set.

The omnibus tests of model coeflicients (table 5) display
that model 4 is statistically significant (p < 0.05) with the highest
degree of freedom (df = 4). Therefore, it can be said that the over-
all model 4 is statistically significant in predicting future injury.

The results illustrated in table 7 indicates that the ac-
curacy of the final model is 91.8%. The results also revealed
that 80% of injured subjects were predicted correctly by the
model to get running-related lower limb injuries. On the
other hand, 95.4% of subjects who didn’t get injury were also
predicted correctly by the model not to get any running-
related lower limb injuries.

The Wald test result column in table 8 revealed that the
variables Range of Obliquity (RO), Range of Tilt (RT), Range
of Rotation (RR) and Symmetry Index (SI) were added sig-
nificantly to the final model (p < 0.05).

Based on the result from table 8 the following logistic
regression model can be developed.
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Table 2. Demographic Characteristics of the Subjects

Variables Minimum Maximum  Mean Std. Deviation
Age 16 21.00 18.40 1.01
Weight 47 83.00 62.35 7.52
Hight 158 190.00 171.22 5.93
BMI 17.01 27.58 21.24 2.05
Table 3. Observed Injury Occurrence

Value Count Percentage
. Yes 20 23.5%
Injury Occurrence
No 65 76.5%
Table 4. Comparative Descriptive Statistics of the
Independent Variables
Variables Injury Mean S,t d'_
Occurrence Deviation
No 169.3154 9.69610
Cadence Yes 168.8500 5.82784
Overall 169.2059 8.90796
No 23.1908 3.34672
Stance Phase Duration ~ Yes 22.5975 3.55141
Overall 23.0512 3.38388
No 76.8092 3.34672
Swing Phase Duration  Yes 77.4025 3.55141
Overall 76.9488 3.38388
No 26.5238 3.38865
Float Phase Duration  Yes 26.2875 3.08523
Overall 26.4682 3.30335
. No 7225 .18849
Propulsion Speed Yes 7795 16767
Overall 0.7359 0.18444
o No 7.8454 1.80205
Range of Obliquity ¢ 110000 126418
Overall 8.5876 2.15583
No 7.5138 2.10484
Range of Tilt Yes 11.3975 1.54438
Overall 8.4276 2.58092
No 8.6946 2.36883
Range of Rotation Yes 10.7000 1.17148
Overall 9.1665 2.30607
No 98.3831 1.19211
Symmetry Index Yes 97.1450 1.49296
Overall 98.0918 1.36602

log(p/(1-p))= 67.027 +1.078-:RO + 0.614:RT + 0.597°RR

-0.927-81

(p = Probability of getting injury)

The logistic model was statistically significant as
x*(4) = 63.42; p < 0.05. The model explains 79.2% of the vari-
ability in running-related lower limb injury and correctly
classified 91.8% of cases. It was found that increasing Range
of Obliquity, Range of Tilt and Range of Rotation were asso-
ciated with an increased likelihood of future running-related
lower limb injury. However, lower Symmetry Index was as-
sociated with an increase in the likelihood of future running-
related lower limb injury.
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Table 5. Omnibus Tests of Model Coefficients (Method =
Forward Stepwise)

Chi-square df Sig.
Step 5.511 1 0.019
Step4 Block 63.420 4 0.000
Model 63.420 4 0.000

Table 6. Model Summary

Cox & Snell R Nagelkerke R
Square Square
.526 792

Step -2 Log likelihood

4 29.331°

a. Estimation terminated at iteration number 8 because param-

eter estimates changed by less than .001

Table 7. Classification Table?

Predicted
Injury
Observed Occurrence Percentage
Correct
No Yes

Injury No 62 3 95.4
Step4  Occurrence Yes 4 16 80.0

Opverall Percentage 91.8

a. The cut value is .500
Discussion

Injury is a major cause of morbidity among young ath-
letes. Previous studies indicated that future research is neces-
sary to determine risk factors for injuries (Gogoi et al., 2020).
Identifying factors that are contributing to sports injury may
have tremendous significance in the athlete’s health care.
Therefore, the researchers intended to analyse gait kinemat-
ics to determine the risk factors and to develop a predictive
model for lower limb injuries among sportsperson.

In the current study prospective cohort study design was
employed by using an inertial sensor-based device to assess
the gait kinematic factors. A similar kind of the previous
study suggested application of inertial and GPS sensors com-
bined with biometrics, nutrition and sleep data can be used
to track movements and physical activity and can be used to
describe injuries, anticipate future injuries, and then proac-
tively assess which modifiable risk factors can be altered for
optimum performance (Bourdon et al., 2017).

The result of the current study indicated that gait kin-
ematic may be used to identify the elevated risks of lower
limb injury among sportsperson. From table 6, ‘Cox & Snell R
square’ indicates that 52.6% of the variation in the dependent

Table 8. Variables in the Equation

variable can be explained by the final logistic model. And the
Nagelkerke R Square indicates that 79.2% variability in the
dependent variable can be explained by the independent var-
iables in the final logistic model (table 6). Further, the table 7
reveals that the model may correctly distinguish 91.8% of the
running-related lower limb injuries. The positive predictive
value was (100-16/(16+3)) 84.21% which was the percentage
of correctly predicted cases of all the observed injury cases.
The negative predictive value was (100:62/(62+4)) 93.94%
which was the percentage of correctly predicted cases of all
non-injury cases (table 7). The value of Exp(B) (table 8) for
the variable Range of Obliquity (RO) indicates that if we
keep all the other independent variables constant, one unit
increase in Range of Obliquity (RO) will increase the odds
of having running-related lower limb injury by 2.938 times.
Same way, keeping all other independent variables constant,
if we increase one unit of Range of Tilt (RT), it will also in-
crease the odds of having running-related lower limb injury
by 1.848 times. For the independent variable Range of Rota-
tion (RR), the odd of having running-related lower limb in-
jury will increase by 1.816 times. But for one unit increment
in Symmetry Index (SI) the odd of having running-related
lower limb injury will decrease by 0.396 times (Table 8).

The comparative descriptive statistics (table 4) of the in-
dependent variables reveals that there was not much differ-
ence in the cadence of subjects with injury (168.85 + 5.82)
and without injury (169.31 + 9.69). A study conducted by
Burns et al. (2019) also reported a similar kind of result, ca-
dence did not exhibit any significant impact on running effi-
ciency. In contrast to Burns et al. (2019), several other studies
have indicated that a faster running cadence helps runners
to decrease their chances of injury over time (Kessler, 2020;
Schubert et al., 2014; Wellenkotter et al., 2014). The overall
swing phase duration (76.95 + 3.38) of the subjects seemed
to be higher whereas the stance phase duration (23.05 + 3.38)
was lower compared to normal running as the subjects were
running at a higher speed (8 km/h) (Chumanov et al., 2011;
Simonsen, 2013). For both the variables, there was not any
noticeable difference between injured and without injury
subjects. A similar trend also followed for the variable float
phase duration and propulsion speed. The variables range of
obliquity had exhibited a noticeable difference between in-
jured (11.00 + 1.26) and without injury subjects (7.85 + 1.80).
Benca et al. (2020) also observed increased pelvic obliquity
in malalignments population. In the current study, injured
subjects had shown a higher range of tilt. Alizadeh & Mattes
(2019) suggested, pelvic tilt in the kinetic chain might have
the potentiality to predispose injured soccer player. In ad-
dition to it, a recent finding indicated that distance runners
may have an increased risk of running-related lower limb in-
jury with increased hip adduction (Mokha & Gatens, 2018).

B S.E. Wald df Sig. Exp(B)
Range of Obliquity 1.078 440 5.989 1 .014 2.938
Range of Tilt .614 .266 5.326 1 .021 1.848
Step 4* Range of Rotation .597 .293 4.141 1 042 1.816
Symmetry Index -.927 .398 5.425 1 .020 .396
Constant 67.027 36.282 3.413 1 .065 1.286E
a. Variable(s) entered on step 4: Range of Rotation
TM®B, 2021, Tom21, N2 1 73
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The current study also reveals that injury subjects have a
higher degree of range of rotation (10.70 + 1.17) with less
symmetry index (97.14 + 1.49).

Despite the limitation of the current study, the authors
have developed the model to predict running-related lower
limb sports injury. Since runners can modify their running
mechanism. Therefore, the authors suggest the sportsper-
sons to analyse their gait kinematics and take preventive gait
modification to thwart future injury.

Conclusions

One of the major objectives of scientific sports training is
to prevent players from injury but it may not be always pos-
sible for coaches to identify the injury-prone players on the
field. Therefore, clinical prediction modelling may provide
an objective estimate of injury identification. For example, a
coach can use a predictive model to identify which athletes
might be at risk for musculoskeletal injuries followed by a
rehabilitation programme to help address their deficiencies
(Hughes et al., 2018; Wilkerson et al., 2012) advised periodi-
cal health examination to identify, prevention and rehabilita-
tion of athletes which may be at risk of future injury. A similar
pattern of analysis may also be followed to periodically ana-
lyse gait kinematics to find the faulty action of movement to
prevent future injury of a sportsperson.

The main limitation of any prediction model is that there
are variations in the assessment of the factors. In addition,
the reliability of the model derived from such cohort studies
is strongly dependent on the number of cases in the study. If
there are not enough samples, the data cannot be considered
as representative for a larger group of athletes. Therefore, for
future research, it is suggested to have a much larger data set
to establish a reliable injury prediction model.

After completion of the current study, firstly we can ask
ourself can we identify the risk factors of injury? Secondly,
can we predict the injuries with certainty? For the first ques-
tion, we can answer yes, we can identify the risk factors of
lower limb injury within the limitation of the current study.
And for the second question, based on the results, we can
agree that prediction of injury is theoretically possible but for
the practical implication, further research is essential with a
bigger sample size. Apart from it, the research was conducted
on male sports person, so the results may not be applicable
to female sportspersons. Therefore, it is suggested to conduct
future research on female sportspersons also.
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Abstract

The purpose of the study was to determine the impact of exercises modes on developing a small ball throwing skill in
boys aged 8.

Materials and methods. The study participants were 21 boys aged 8, who were randomly divided into three groups of
7 people. The children and their parents were fully informed about all the features of the study and gave their consent
to participate in the experiment.

The study examined the influence of the number of repetitions on the effectiveness of teaching boys aged 8 throwing a
small ball at a target. A pedagogical experiment examined the influence of 6, 12, and 18 repetitions with a 60-second
rest interval on the increase in the level of proficiency in exercises of boys aged 8. In the first group, the boys repeated
the task 6 times with a rest interval of 60 s, in the second group - 12 times with a rest interval of 60 s, in the third
group 18 times with a rest interval of 60 s. When teaching throwing exercises during the class, the study evaluated

the level of proficiency by the alternative method (“performed”, “failed”) and calculated the probability of exercise
performance (p = n/m, where n is the number of successful attempts, m is the total number of attempts).

In teaching boys aged 8, the method of algorithmic instructions was used. The next exercise started after three
successful attempts. Throwing a ball at a vertical target was taught.

The study materials were processed by the IBM SPSS 20 statistical analysis software. During discriminant analysis, a
prognostic model for group membership was created.

Results. Discriminant analysis made it possible to determine the impact of the number of repetitions on the
effectiveness of developing the skills of throwing a small ball at a target; answer the question as to how significantly the
modes of repetitions differ by the effectiveness of motor skills development, what class the object belongs to based on
the values of discriminant variables.

Conclusions. Based on the analysis of group centroids, it was found that in boys aged 8, six repetitions of the exercise
(6 sets one time with a rest interval of 60 s) significantly influence the increase in the level of proficiency in exercises
during physical education lessons.

The results of group classification show that 85.7% of the original grouped observations were classified correctly.
Keywords: boys aged 8, ball throwing, discriminant function.

Introduction Goodway, 2020; Barnett, Telford, Strugnell, Rudd, Olive, &
Telford, 2019). Motor skills development is associated with
the impact on children’s and adolescents’ health improve-
) . . i ) ment (Bolger, L. A., Bolger, L. E., O'Neill, Coughlan, Lacey,
ties d.evelopment, and an increase in schoolchildren’s motor  ~p . n, & Burns, 2019; Bolger, L. E., Bolger, L. A., O'Neill,
activity (Chan, Ha, Ng, & Lubans, 2019; Chang, Ward, & Coughlan, O’Brien, Lacey, Burns, & Bardid, 2020).

© Iermakov, S., Ivashchenko, O., Khudolii, O., Chernenko, S., . The learping process in physical education was studied
Veremeenko, V., Zelenskyi, B., 2021. in the followmg areas:

In the modern school, physical education is considered
as a single process of motor skills formation, motor abili-
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o motor sKkills in the structure of schoolchildren’s physical
fitness (Petrov, Khudolii, & Cieslicka, 2020; Shevchen-
ko, Khudolii, & Potop, 2020; Ivashchenko, Berezhna, &
Cieslicka, 2020);

o gender-related peculiarities of motor skills development
(Iermakov, Ivashchenko, & Khomiakov, 2020; Khudolii,
Golovnin, & Bartik, 2020; Kelly, O’Connor, Harrison, &
Ni Chéilleachair, 2019);

o regularities of motor skills development (Afrouzeh,
Musa, Suppiah, & Abdullah, 2020; Khudolii, 2019; Hast-
ie, Rudisill, Boyd, & Johnson, 2019);

o methods of assessing motor skills in children (Klingberg,
Hoeboer, Schranz, Barnett, De Vries, & Ferrar, 2019;
Lovric, Jelaska, Clark, Duncan, & Miletic, 2019; Nobre,
Valentini, & Rusidill, 2020).

It was found that the conditions for motor skills develop-
ment are one of the factors that determine the effectiveness of
schoolchildren’s learning (Ivashchenko, 2020; Ivashchenko,
Nosko, M., Nosko, Y., & Chernenko, 2019; Kapkan, Khudolii,
& Bartik, 2019a). The conditions for motor skills development
are understood as the alternation of exercises and rest inter-
vals (Marchenko & Taranenko, 2020; Ivashchenko, Khudolii,
Iermakov, Chernenko, & Honcharenko, 2018). The impor-
tance of studying the process of teaching physical exercises is
pointed out by Ivashchenko, Iermakov, Khudolii, Cretu, and
Potop (2017), Marchenko, and Kovalenko (2020), Abhaydev,
Bhukar, and Thapa (2020); the modes of physical exercises
were also considered in the process of motor abilities devel-
opment (Khudolii, Iermakov, Ivashchenko, & Nosko (2020);
Iermakov, Ivashchenko, Khudolii, & Chernenko, 2020).

Studies on motor skills development used a probabilistic
approach for motor skills assessment (Kapkan, Khudolii, &
Bartik, 2019b; Ivashchenko, Khudolii, Iermakov, & Harku-
sha, 2017), factorial designs (Khudolii, 2019; Ivashchenko,
2020), and discriminant analysis to study the regularities of
motor skills development (Gert-Jan de Bruijn & Benjamin
Gardner, 2011; Lulzim, I, (2013), which make it possible to
obtain new knowledge about the regularities of motor skills
development in schoolchildren. Thus, the study of the effec-
tiveness of teaching primary schoolchildren with the use of
modern multivariate statistical methods is relevant.

The purpose of the study was to determine the impact of
exercises modes on developing a small ball throwing skill in
boys aged 8.

Materials and methods

Study participants

The study participants were 21 boys aged 8, who were
randomly divided into three groups of 7 people. The chil-
dren and their parents were fully informed about all the fea-
tures of the study and gave their consent to participate in the
experiment.

Study organization

The study examined the influence of the number of rep-
etitions on the effectiveness of teaching boys aged 8 throwing
a small ball at a target.

A pedagogical experiment examined the influence of 6,
12, and 18 repetitions with a 60-second rest interval on the

increase in the level of proficiency in exercises of boys aged
8. In the first group, the boys repeated the task 6 times with
a rest interval of 60 s, in the second group - 12 times with a
rest interval of 60 s, in the third group 18 times with a rest
interval of 60 s.

When teaching throwing exercises during the class, the
study evaluated the level of proficiency by the alternative
method (“performed”, “failed”) and calculated the probability
of exercise performance (p = n/m, where n is the number of
successful attempts, m is the total number of attempts).

In teaching boys aged 8, the method of algorithmic in-
structions was used. The next exercise started after three
successful attempts. Throwing a ball at a vertical target was
taught.

The study analyzed the impact of the number of sets on
the level of proficiency in the following movements: 1. Throw-
ing a ball against the floor; 2. Throwing a ball forward and up,
feet shoulder width apart; 3. Throwing a ball forward and up,
left leg forward; 4. Throwing a ball forward and up, left side
to the throwing direction; 5. Throwing a ball at a 3 m distant
target.

Statistical analysis

To determine the impact of the suggested modes of
physical exercises for boys aged 8, discriminant analysis was
conducted.

The study materials were processed by the IBM SPSS
20 statistical analysis software. During discriminant analy-
sis, a prognostic model for group membership was created.
This model builds a discriminant function (or, when there
are more than two groups - a set of discriminant functions)
in the form of a linear combination of predictor variables,
which ensures the best division of groups. These functions
are built according to a set of observations, for which their
group membership is known. These functions can further be
used for new observations with known values of predictor
variables and unknown group membership.

For each canonical discriminant function, the study cal-
culated: eigenvalue, dispersion percentage, canonical correla-
tion, Wilks’ Lambda, Chi-square.

The study protocol was approved by the Ethical Com-
mittee of the University. In addition, the children and their
parents or legal guardians were fully informed about all the
features of the study, and a signed informed-consent docu-
ment was obtained from all the parents.

Results

Tables 1-3 show the results of a comparative analysis of
the level of proficiency in a series of learning tasks of boys
aged 8 depending on the number of repetitions.

The exercise mode of 6 repetitions with a 60-second rest
interval has a statistically significantly better dynamics of the
level of proficiency than the exercise mode of 12 repetitions
with a 60-second rest interval for exercise 2 “Throwing a ball
forward and up, feet shoulder width apart” (p = 0.001), the
difference in proficiency in other exercises is not statistically
significant (p > 0.05).

The exercise mode of 12 repetitions with a 60-second rest
interval has a statistically significantly better dynamics of the
level of proficiency than the exercise mode of 18 repetitions

TM®B, 2021, Tom 21, N 1



lermakov, S., Ivashchenko, O., Khudolii, O., Chernenko, S., Veremeenko, V., & Zelenskyi, B. (2021). Pattern Recognition: Impact of
Exercises Modes on Developing a Small Ball Throwing Skill in Boys Aged 8

Table 1. The results of a comparative analysis of the level of proficiency in a series of learning tasks of boys aged 8

6 repetitions

12 repetitions

95% confidence interval

No Exercise (n=7) (n=7) Ax t p of the difference of means
X s X s Lower limit Upper limit
1 Egg‘;wmg aballagainstthe ), 0.161  0.528 0.176  -0.094 -1.044 317 -291 102
, Throwingaball forwardand = 0 0529 0176 0471 7.071 1000 326 617
up, feet shoulder width apart
3 Throwingaball forwardand ., 0162  0.529 0176  -0.096 -1.057 311 -293 102
up, left leg forward
Throwing a ball forward and
4 up, left side to the throwing 0.48 0.263 0.67 0 -0.19 -1.914 .080 -.406 .026
direction
5 Throwingaballata3m 0.573 0.159  0.623 0125  -005 02632 .525 217 117

distant target

Table 2. The results of a comparative analysis of the level of proficiency in a series of learning tasks of boys aged 8

6 repetitions

18 repetitions

95% confidence interval

No Exercise (n=7) (n=7) Ax t p of the difference of means
X s X s Lower limit Upper limit
1 Eéﬁwmg aballagainstthe /2 161 0481 0176  -0.047 522 611 -244 149
, Throwingaball forwardand 0 0.811 0176  0.189 2.828 015 043 334
up, feet shoulder width apart
;3 Throwingaballforwardand .0 160 (717 0228  -0284  -2.691 .020 -514 -.054
up, left leg forward
Throwing a ball forward and
4 up, left side to the throwing 0.48 0.263 0.67 0 -0.19 -1.914 .080 -.406 .026
direction
5 Throwingaballata3m 0573 0159 0811 0176  -0238  -2.657 .021 -434 -.043

distant target

Table 3. The results of a comparative analysis of the level of proficiency in a series of learning tasks of boys aged 8

12 repetitions

18 repetitions

95% confidence interval

of the difference of
No Exercise (n=7) (n=7) Ax t
means
X s X s Lower limit Upper limit

1 Eg‘;wmg a ball against the 0528  0.176  0.481 0176  0.047 500 626 -.158 253
,  throwingaballforwardand = .5 o170 gy 0176  -0282  -3.000  .011  -.488 -077

up, feet shoulder width apart
3  Throwingaballforwardand o5 (176 (717 0228 -0.188  -1.732  .109  -.426 049

up, left leg forward

Throwing a ball forward and
4 up, left side to the throwing 0.67 0 0.67 0 0 - -

direction
5  Throwingaballata3m 0623 0125 0811 0176  -0.188  -2.309  .040  -.366 -011

distant target

with a 60-second rest interval for the first exercise (p = 0.049).
For other exercises, the dynamics of the level of proficiency is
not statistically significant (p > 0.05).

The exercise mode of 18 repetitions with a 60-second rest
interval has a statistically significantly better dynamics of the
level of proficiency than the exercise mode of 6 repetitions
with a 60-second rest interval for the third and fifth exercises,
and a worse dynamics for exercise 2 “Throwing a ball forward
and up, feet shoulder width apart” (p = 0.015).
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Thus, when developing a small ball throwing skill, the
modes of physical exercises significantly influence the effec-
tiveness of teaching.

To determine the impact of different modes of physical
exercises on the level of proficiency, discriminant analysis
was conducted (see Tables 4-6).

The first canonical function explains 75.3% (r = 0.856) of
the results variation, the second canonical function explains
24.7% (r = 0.688) of the results variation, which indicates
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their high informativeness (see Table 4). The materials of
analysis of the canonical functions show a statistical signifi-
cance of the first and second canonical functions (A, = 0.141;
p1=0.001; A, = 0.526; p, = 0.036). The first and second func-
tions have a high discriminative ability and value in interpre-
tation with respect to the general population (Table 5).

Table 6 shows the standardized canonical discriminant
function coefficients, which make it possible to determine the
ratio of the contribution of variables to the result of the func-
tion. The greatest contribution to the first canonical function
is made by variable 2 “Throwing a ball forward and up, feet
shoulder width apart’, variable 3 “Throwing a ball forward
and up, left leg forward”; to the second canonical function —
exercise 5 “Throwing a ball at a 3 m distant target”, exercise 3
“Throwing a ball forward and up, left leg forward”: the greater
the increase in proficiency in these exercises, the larger the
value of the functions. The above indicates that exercises 2, 3, 5
are most sensitive to the number of repetitions in boys aged 8.

Table 6 shows the structure canonical discriminant func-
tion coefficients, which are the coefficients of correlation be-
tween the variables and the function. Thus, the first function is
most closely connected with the results of the increase in profi-
ciency in exercise 2 “Throwing a ball forward and up, feet shoul-
der width apart’, exercise 4 “Throwing a ball forward and up, left
side to the throwing direction™ hence, a significant difference
between the teaching modes is observed in exercises 2 and 4.

The second function is most closely connected with the
results of the increase in proficiency in exercise 5 “Throw-
ing a ball at a 3 m distant target’, exercise 3 “Throwing a ball

forward and up, left leg forward™: hence, a significant differ-
ence between the teaching modes is observed in exercises
5 and 3. The first function makes it possible to differentiate
three exercise repetition modes, the second function enables
determining which exercises are most influenced by 12 and
18 repetitions.

Table 7 shows the coordinates of centroids for two groups.
They make it possible to interpret the canonical function
in relation to the role in classification. At the positive pole
is a centroid for the exercise mode of 6 repetitions with a
60-second rest interval, at the negative — a centroid for
the exercise mode of 12 repetitions with a 60-second rest
interval (see Fig. 1). This indicates a significant difference of
the impact of the number of repetitions on the increase in
the level of proficiency in exercises during physical education
lessons. The exercise mode of 6 repetitions with a 60-second
rest interval is most effective in terms of the total impact. The
results of group classification show that 85.7% of the original
grouped observations were classified correctly.

Discussion

The study assumed the possibility of using a discrimi-
nant function to assess the effectiveness of different modes
of physical exercises when teaching a series of throwing exer-
cises, as the verification of canonical functions indicates their
statistical significance.

The analysis determined the total impact of each teach-
ing mode on the level of proficiency in five exercises, as well

Table 4. Canonical discriminant function. Eigenvalues. Boys aged 8

Function Eigenvalues

% Dispersion Explained = Cumulative %

Canonical Correlation

1 2.744*
2 .900°

75.3
24.7

75
100

3
.0

.856
.688

Table 5. Canonical discriminant function. Wilks' Lambda. Boys aged 8

Verification of SN . Degrees of
Functions Wilks’ Lambda Chi-Square Freedom p
from 1 to 2 141 31.394 10 .001
2 .526 10.270 4 .036

Table 6. Canonical discriminant function coefficients. Wilks’ Lambda. Boys aged 8

N Exercise Standardized Coefficients Structure Coeflicients
1 2 1 2

] Throwing a ball against the 024 253 146 _008
floor

) Throwing a ball forward and 1014 98 368" 21
up, feet shoulder width apart

3 Throwing a ball forward and - 308 404 145 658"
up, left leg forward
Throwing a ball forward and

4 up, left side to the throwing -.239 247 -.339° 319
direction

5 Throwing a ball at a 3 m dis- 156 805 -098 735"
tant target

80
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Table 7. Functions at group centroids. Boys aged 8

Functi
Variants of Modes 1 Hheon >
6 repetitions, rest interval of 60 s 1.910 -.589
12 repetitions, rest interval of 60 s -1.846 -.653
18 repetitions, rest interval of 60 s -.064 1.242

85.7% of original grouped observations are classified correctly

m
2
3
]
N
=
=
2
=1 . =)
2 [ ] o o
(o]
-2 o o
4
T T T T T
-4 -2 0 2 4
Function 1

Fig. 1. Canonical discriminant functions. Graphic representation
of classification results of the level of proficiency in exercises of
boys aged 8: » — centroids for data groups after 1 - 6 repetitions, 2 -
12 repetitions, 3 — 18 repetitions

as a detailed impact of the teaching modes on the level of
proficiency in each exercise.

The data obtained supplement the information on the fac-
tors that influence the effectiveness of motor skills development
(Afrouzeh et al., 2020; Khudolii, 2019; Hastie et al., 2019); con-
firm the information that the conditions for motor skills devel-
opment are one of the factors that determine the effectiveness
of schoolchildren’s learning (Ivashchenko, 2020; Ivashchenko
et al,, 2019; Kapkan et al., 2019a). In addition, the study sup-
plemented the data on the use of a discriminant function in the
classification of schoolchildren by motor activity (Mili¢ et al.,
2011; Gert-Jan de Bruijn, & Benjamin Gardner, 2011; Lulzim,
2013). As in the papers by Geoffrey D. Broadhead and Gabie
E. Church (1982), Kapkan et al. (2019a), Ivashchenko (2020),
Ivashchenko et al. (2019), the study observed a high discrimi-
native and prognostic ability of the obtained functions in as-
sessing motor skills development in children and adolescents.

Discriminant analysis makes it possible to obtain new
data to monitor the process of motor skills development in
primary schoolchildren and supplements the information on
the methods of assessing motor skills in children (Klingberg
et al., 2019; Lovric et al.,, 2019; Nobre et al., 2020).

Based on discriminant analysis, it can be argued that to
teach the five exercises, the mode of 6 repetitions (3 sets two
times) with a 60-second rest interval may be recommended;
for more difficult exercises — the mode of 18 repetitions

TM®B, 2021, Tom 21, N2 1

(9 sets two times) with a 60-second rest interval. Based on
the analysis of structure coefficients and centroids of func-
tions, the mode of 18 repetitions (9 sets two times) with a
60-second rest interval may be recommended for the exercise
“Throwing a ball at a 3 m distant target”.

Conclusions

Discriminant analysis made it possible to determine the
impact of the number of repetitions on the effectiveness of de-
veloping the skills of throwing a small ball at a target; answer the
question as to how significantly the modes of repetitions differ
by the effectiveness of motor skills development, what class the
object belongs to based on the values of discriminant variables.

Based on the analysis of group centroids, it was found that in
boys aged 8, six repetitions of the exercise (6 sets one time with a
rest interval of 60 s) have the greatest total impact on the increase
in the level of proficiency in exercises during physical education
lessons. The results of group classification show that 85.7% of the
original grouped observations were classified correctly.
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PO3MI3HAHHA OBPA3IB: BIJIUB PEXXUMIB BUKOHAHHA BIMPAB HA
®OPMYBAHHA HABUYK METAHHA MANIOIo M’A4A XJ1I0NM4YUKIB 8 POKIB

Cepriit Epmakos'**°?, Onbra IBamenko**°, Oner Xynomiit

Yepuenko***P, Biktopia Bepemeenko**5P

, borman 3eeHChKUT

24BCD_ epriit
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'TnaHcbknmit yHiBepcuTeT (BisMYHOrO BUXOBAHHA i CIIOPTY
*XapkiBcbKuil HallioHaIbHMII Nlegaroriynmii yHiBepcuret imeni I. C. CkoBopoan

3Jlon6acpka gep)kaBHA MalIMHOOYNiBHA aKafeMis

ABTOpCHKMIT BK/IAZ: A — IU3aiiH ZOCTmKeHHsT; B — 36ip manux; C - crarananis; D - migroroska pykomucy; E - 36ip xoruTis

Pedepat. Crarra: 8 ., 1 puc., 7 Tabn., 32 prepena.

MeTa BOCHil)KEeHHA — BU3HAYUTH BIUIMB PEXUMIB BUKO-
HaHH: BIIpaB Ha (GOPMYyBaHHA HABMYKM METAHHA MaJIOTO M A4a
XJIOIYMKIB 8 pOKiB.

Marepianm i meTogu. Y HOCIiIpKeHHI IPUIHATM y4acThb
21 xom4umK 8 pokiB, sAKi Oy/Iy po3pieHi Ha Tpu rpymu o 7 ocié
Y BUIIAAKOBOMY IOpAAKY. [litn Ta ixui 6arbku 6ymu iHpopmo-
BaHi PO BCi 0COOMMBOCTI JOCTIKEHHS 1 Janm 3TOZlY Ha y4acThb
B €KCIIEPMMEHTI.

JocnimkyBaBcs BIUIMB KiTbKOCTi MOBTOPEHb Ha edex-
TUMBHICTD IIpOlleCy HaBYaHHsA METAHHIO Maloro M’si4a B Li/Ib y
XJIONYMKiB 8 pOKiB. ¥ mejarorivHoMy eKCIiepMMeHTi BUBYaBCs
BIUIMB 6, 12 i 18 IOBTOpEHD 3 iHTEpPBANIOM BifjIIOYMHKY 60 C Ha
IPUPICT piBHA HABYEHOCTI BIIpaB X/IOIMYMKiB 8 pokiB. ¥ nepiwiit
TPyHi XJIOMYNMKM TIOBTOPIOBANIN 3aBJJaHHA 6 pasiB 3 iHTepBa-
710M Bifnmounnky 60 ¢, y gpyriit rpyni — 12 pasis 3 inTepBanom
BignounHKy 60 ¢, y TperTiit rpymi 18 pas 3 iHTepBanoM Bifmo-
yuHKY 60 c. ¥ mponeci HaBYaHHA KUJKOBUX BIIPaB y 3aHATTI
OLIiHIOBaBCsA a/NbTePHATMBHMM METO/IOM PiBeHb HaBYEHOCTU
(«BMKOHAB», «He BUKOHAB»), pO3PaxoByBaiacs BiporigHicTh
BUKOHAHHA BIIpaBM (p = n/m, fie n — KilbKicTh yCIHilIHO BM-
KOHAHMX CIIpo0, M — 3arajbHa KilbKicTb cpo6). Y HaB4aHHI
X/JIONYMKiB 8 POKiB BMKOPUCTOBYBaBCsA METOJ, a/ITOPUTMiUYHIX

posnopsamKkeHb. [lepexif o HacTyImHOI BIIpaBM 37iJICHIOBaBCS
Hic/IA TPbOX YCHIIIHMX cIIpo6. BuBuanmcs MeTaHHA M'A4a y
BEPTUKAJIbHY 1Ii/Ib.

Marepianu gocifi>keHH: oIlpaljboBaHi B IPOrpaMi CTaTuC-
TUYHOTO aHanisy — IBM SPSS 20. ¥V nponeci iuckpumMiHaHTHOTO
aHasi3y Oy/1a CTBOpeHa IPOTHOCTUYHA MOJIE/b /ISt Ha/IeXXHOCTI
10 TPYTIN.

Pesynbratu. [JyuckpyMiHaHTHUII aHa/Mi3 JO3BOIMB BU3Ha-
YUTU BIUIVB KiZTBKOCTi IOBTOPEHb Ha e(eKTUBHICTb HOpMY-
BaHHsA HaBUMYOK METaHHs MaJIOro M ’s4a B 11iJIb; ATy BilIOBigb
Ha MUTAaHHA HACKiIbKM JOCTOBIPHO Pi3HATHCA PEXXUMM ITOBTO-
PEHHSI 3a Pe3y/IbTAaTUBHICTIO (POPMYBAHHS PYXOBUX HABUYOK,
IO SIKOTO KJIACY HAJIKUTb 00’€KT Ha OCHOBi 3Ha4YeHb AMCKPU-
MiHAaHTHMX 3MiHHUX.

BucnoBku. Ha ocHOBI aHani3y 1leHTpOifiB Ipyn BU3Haye-
HO, IO Y X/TOITYIMKiB 8 pOKiB 6 IMOBTOpeHb BIIpaBy (6 MiXoxiB
mo 1 pasy 3 iHTepBajoM BifmOYMHKY 60 C) MalOTbh CYTTEBMIL
BIUIVB Ha IIPUPICT PiBHSA HaBUYEHOCT] Ha YpoKax (isndHOIl Ky/ib-
Typu. Pesynbratu knacudikauii rpyn mokasywors, 1o 85,7%
BUIXifJHMX 3IPYIOBAHUX CIIOCTEPEKeHb K/Iacu(piKoBaHO BipHO.

KnrouoBi cmoBa: xom4mku 8 poOKiB, MeTaHHS M s4a,
IOMCKPUMiHaHTHA QYHKIIiA.
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Abstract

The objective of the study was to examine the level of strength fitness indicators of 10-year-old boys who do
Kyokushin Karate, and experimentally test the effectiveness of the impact of play techniques on the dynamics of
strength development.

Materials and methods. The study involved 40 10-year-old boys. The children and their parents were informed about
all the features of the study and gave their consent to participate in the experiment. To achieve the objective set, the
following research methods were used: analysis of scientific and methodological literature, pedagogical testing, and
methods of mathematical statistics for processing research results.

Results. There were the biggest changes in the results of the tests “Standing long jump” by 15.9% (p < 0.001), “Sit-

ups in 30 s” by 16.0% (p < 0.001), “Pull-ups” by 18.3% (p < 0.001), and “Bent arm hang” by 15.6% (p < 0.001). The
experimental group boys’ result of the “Standing long jump” changed from low to above average. The lowest increase
in results was observed in the “Right hand grip test” by 7.2% (p < 0.001), “Left hand grip test” by 6.9% (p < 0.001), and
“Push-ups” by 11.8% (p < 0.001).

Conclusions. The initial level of the boys’ strength fitness is sufficient and conforms to age norms. Most of them had
an average — 30.36%, an above average — 19.64%, and a high - 23.21% level of strength abilities development. The data
obtained give reason to recommend that teachers and coaches use active games aimed at developing strength. As a
result of using play load (5 games, 3 repetitions with rest intervals of 40 s), there was a statistically significant increase

in strength indicators (p < 0.001).

Keywords: boys, strength abilities, active games, play load, Kyokushin Karate.

Introduction

Martial arts have a special educational potential in devel-
oping positive models of behavior and moral values that can
help reduce aggression in society (Augustovicova, Argajova,
Rupcik, & Thomson, 2020; Cynarski, 2019; Cynarski & Niew-
czas, 2019). Kotarska, Nowak, Szark-Eckardt and Nowak
(2019), Greco, Fischetti, Cataldi, and Latino (2019) found
a positive correlation between martial arts, especially if they
are practiced at a competition level, and healthy behaviors
and a higher level of quality of life self-assessment.

Researchers have long proven the great potential of us-
ing a play-based approach in physical education (Khudolii
& Marchenko, 2007; Marchenko, 2008, 2010; Nikitenkova &
Marchenko 2017) and sport training (Korotkov, 1971; Alabin,
Strashinskiy, Solovtsov, & Gavrilov, 1992; Slastina, Kravchuk,

© Marchenko, S., Satdyiev, B., 2021.

84

& Bybel, 2019). Active games and play-based exercises are
increasingly used as some of the effective tools in the training
process for comprehensive improvement of motor abilities in
various sports.

Since active games are a mixed (cyclic and acyclic) activ-
ity, it is mainly dynamic, speed and strength in nature. Such
actions as moving on the tatami, performing various kicks,
defensive actions against an opponent’s attack require a sig-
nificant development of such a physical quality as strength.

The content of practical material during training depends
on the tasks to be solved. When the task is to develop strength, it
is useful to include in classes additional and preliminary games
associated with short-term speed and strength efforts and vari-
ous forms of overcoming an opponent’s muscular resistance in
a direct combat. The main content components of such games
include various kinds of pulling, pressing, holding, pushing, el-
ements of wrestling, etc. Motor operations with weights appro-
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priate for players, bending, squatting, arm bending and extend-
ing, rotating, turning, running, or jumping are very eftective
for solving this task (Meshcheryakov & Tashnichenko, 2010).

A sufficient level of strength fitness is the foundation for
mastering a technique, and the means of its development oc-
cupy a central place in programs of teaching motor actions
(Di Palma & Cusano, 2020; Marchenko & Kovalenko, 2020).
Strength training is also seen as a basis for developing other
motor abilities (Khudolii, Ivashchenko, Iermakov, Veremeenko,
& Lopatiev, 2020; Khudolii, Kapkan, Harkusha, Marchenko, &
Veremeenko, 2020; Khudolii, Ivashchenko, Iermakov, Nosko &
Marchenko, 2019). Strength abilities development is most effec-
tive with an overall development of all muscle groups, so games
should be diverse (Marchenko & Ishchenko, 2016; Nikiten-
kova & Marchenko, 2017; Do Kim & Pieter, 2020). According
to Marchenko and Ishchenko (2016), significant increases in
strength indicators of primary-school-age boys can be observed
with a rational organization of strength training. Nikitenkova
and Marchenko (2017) recommend the use of small weights
and play-based exercises using one’s body weight. Games
should be performed at a fast and moderate pace. The number
of games may vary from 4 to 8 depending on age, gender, level
of physical development and physical fitness of pupils.

Unfortunately, today there is not enough literature to
cover the issues described above regarding the use of active
games and play-based exercises at the initial training stage
in Kyokushin Karate. Most studies address issues related to
high performance sport. Therefore, the issue of search and
effective use of play techniques for strength development in
10-year-old boys who do Kyokushin Karate is relevant.

The objective of the study was to examine the level of
strength fitness indicators of 10-year-old boys who do

Kyokushin Karate, and experimentally test the effectiveness
of the impact of play techniques on the dynamics of strength
development.

Materials and methods

Study participants

The study involved 40 10-year-old boys who do
Kyokushin Karate. The boys were randomly divided into two
groups, an experimental group (n = 20) and a control group
(n =20). The children and their parents were informed about
all the features of the study and gave their consent to partici-
pate in the experiment.

Study organization

To achieve the objective set, the following research meth-
ods were used: analysis of scientific and methodological lit-
erature, pedagogical testing, and methods of mathematical
statistics for processing research results.

The testing program included well-known tests: Standing
long jump, Right and left hand grip test, Push-ups, Sit-upsin 30,
Pull-ups, Bent arm hang (Khudolii, 2019; Ivashchenko, 2020).

In the experimental group, during classes, the play ma-
terial and loads proposed by Marchenko (2003, 2008) were
used. Games for strength abilities development were con-
ducted primarily at the beginning of the main part of the
class. At the end of the main part, collective games with a
predominant focus on developing strength endurance (Ta-
ble 1) were used. Play load during the class included 5 games,
number of repetitions — 3, rest intervals - 40 s.

Table 1. Organizational and methodological distribution of play means for strength abilities development in boys

Participation Predominant Place of the
rucip movements in the Physiological load game during
in games

game classes
o
2
No Game 2 =

& S B

5§ 3§ £ o2 f£3. 3 : -

s o= g & 5 g g = = © & £ 2

=8 ¥8 E§ E§ 5 2&¢ 2 ¢ ®» W § ¥ §F 2

=E =28 & 2 E E§ 3 £ E B 5 & 3 O

1 Carrying balls + + + + +

2 Move the bench + + + +

3 Urgent cargo + + + + + + +

4 Who is stronger + + + + +

5 Wheelbarrow relay + + + + o+

6 Relay with flags + +

7  Wrestling in squares + + + + +

8 Forbidden circle + + + + +

9 Roll the ball + + + + +

10 Ball racing in rows + + + + + +

11 Ball passing with feet + + + + + o+

12 Three’s a crowd with resistance + + + + o+
13 Ball in the basket + + + + o+

14 Flock of ducks + + + + o+

15 Fight of roosters + + + + +

16 Break the circle + + + + + +
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The subjects of the control group continued to attend
traditional karate classes.

Statistical analysis

Data were collected and organized with EXCEL. Statisti-
cal analysis was performed using the IBM SPSS Statistics 26
statistical software package. The following parameters were
calculated: arithmetic mean, standard deviation, arithmetic
means were compared using the Student’s t-test for depend-
ent samples, Student’s t-test for independent samples. The
hypothesis about the normality of data distribution was de-
termined using the Kolmogorov-Smirnov test.

Results

The ascertaining stage of the study (Table 2) revealed no
statistically significant difference in any of the studied indi-
cators of strength development between the experimental
and control groups (p > 0.05). This meets the experiment re-
quirements and indicates that the selected study sample fully
meets the requirements of representativeness. It reproduces

the characteristics of the general population and ensures
the objectivity of conclusions of the performed pedagogical
experiment.

The analysis of the obtained results at the beginning of
the pedagogical experiment showed that the 10-year-old
boys’ strength abilities were sufficiently developed. Most of
them had an average — 30.36%, an above average — 19.64%,
and a high - 23.21% level of strength abilities development.
11.43% of the boys performed the set of tests at a low level,
15.36% - at a below average level. The best results were ob-
served in the tests “Push-ups” (60%), “Pull-ups” (50%), and
“Bent arm hang” (25%). The boys showed average and above
average results in the tests “Right hand grip test” (42.5%,
27.5%), “Left hand grip test” (47.5%, 20%), and “Sit-ups in
305" (60%, 35%). Most children performed the test “Standing
long jump’, which characterizes speed and strength abilities,
at low and below average levels (37.5%, 30%).

Thus, in general, the level of the boys’ strength fitness
conforms to age norms, and a considerable lag was found
only in speed and strength fitness indicators.

The Kolmogorov-Smirnov test determined that the
measurements for all characteristics in all the tests were nor-

Table 2. Statistical description of strength fitness indicators of the groups at the beginning of the experiment

EG (n = 20) CG (n =20)
Indicators under study Standard Standard error Standard Standard error  p
Mean L. Mean .
deviation of mean deviation of mean
Standing long jump, cm 141.4 14.36 3.21 141.7 13.88 3.1 947
Right hand grip test, kg 17.45 1.98 44 17.4 1.98 44 937
Left hand grip test, kg 16.05 2.52 .56 15.95 2.23 .50 .895
Push-ups, times 26.35 7.60 1.7 26.55 7.67 1.71 934
Sit-ups in 30 s, times 16.85 4.19 94 16.65 4.18 93 .881
Pull-ups, times 6.3 2.75 .61 6.25 2.63 .59 954
Bent arm hang, s 18.68 10.11 2.26 18.73 10.12 2.26 988
Table 3. Description of the impact of active games on strength development in 10-year-old boys
Paired differences
5 95% confidence interval
- .
Indicators under study o s for difference Valfle %
" ® g T = (two-sided)
2 s = S
g g g 2 g g Lower Upper
& = 3 38
. . EG 22.5 6.848 1.531 25.705 19.295 14.69 .000 15.9
Standing long jump, cm
CG 13.4 3.455 773 15.017 11.783 17.34 .000 9.5
EG 1.25 1.02 228 1.727 773 5.48 .000 7.2
Right hand grip test, kg
CG 45 .887 .198 .865 .035 2.27 .035 2.6
EG 1.1 912 204 1.527 .673 5.39 .000 6.9
Left hand grip test, kg
CG .5 .761 .170 .856 .144 2.94 .008 3.1
. EG 3.1 1.971 441 4.022 2.178 7.03 .000 11.8
Push-ups, times
CG 2.3 1.559 .349 3.03 1.57 6.59 .000 8.7
. . . EG 2.7 923 .206 3.132 2.268 13.07 .000 16.0
Sit-ups in 30 s, times
CG 1.7 .865 .193 2.105 1.295 8.79 .000 10.2
. EG 1.15 .813 182 -1.53 =77 6.33 .000 18.3
Pull-ups, times
CG .90 .641 .143 -1.20 -.60 6.28 .000 14.4
EG 2.92 1.619 .362 -3.678 -2.16 8.06 .000 15.6
Bent arm hang, s
CG 1.83 .945 2113 -2.275 -1.39 8.67 .000 9.8
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mally distributed. So in this case, the use of the Student’s
t-test to compare paired samples is correct.

The results of a formative experiment investigating the
effectiveness of using active games for strength abilities de-
velopment in 10-year-old boys who do Kyokushin Karate are
shown in Table 3.

A comprehensive control of the 10-year-old boys’
strength fitness revealed statistically significant changes in all
indicators in both groups (p < 0.05). There is a tendency for
greater improvement of the results towards the experimental
group.

There were the biggest changes in the results of the tests
“Standing long jump” by 15.9% (p < 0.001), “Sit-ups in 30 s”
by 16.0% (p < 0.001), “Pull-ups” by 18.3% (p<0.001), and
“Bent arm hang” by 15.6% (p < 0.001). The experimental
group boys’ result of the “Standing long jump” changed from
low to above average. The lowest increase in results was ob-
served in the “Right hand grip test” by 7.2% (p < 0.001), “Left
hand grip test” by 6.9% (p < 0.001), and “Push-ups” by 11.8%
(p < 0.001).

Discussion

The study assumed that the use of specially selected ac-
tive games could facilitate strength abilities development
in 10-year-old boys who do Kyokushin Karate at the initial
training stage. In the experimental group, the comparison of
indicators showed a greater relative increase in all indicators
than in the control group. The dynamics of results in all the
exercises was statistically significant (p < 0.001).

The results obtained expand and supplement the data of
Khudolii (2009), Ivashchenko and Yermakova (2015), March-
enko and Kovalenko (2020), Marchenko and Taranenko
(2020) on the need for a sufficient level of children’s strength
fitness to improve the learning process and its importance for
developing other motor abilities (Khudolii & Ivashchenko,
2014; Ivashchenko & Cieslicka, 2017; Khudolii, Ivashchenko,
Iermakov, Nosko & Marchenko, 2019).

The study confirmed and verified the information on
the effectiveness of using the load proposed by Marchenko
(2008, 2010), Ivashchenko, Cieslicka, Khudolii and Iermakov
(2014), Khudolii, Ivashchenko, Iermakov, Nosko and March-
enko (2019). It was found that for strength abilities develop-
ment in 10-year-old boys it is optimal to perform 5 games,
from 1 to 3 repetitions with rest intervals of 40 s.

Conclusions

Thus, active games are an important part of the training
process in Kyokushin Karate. They contribute to an effective
overall development of various muscle groups. The competi-
tive nature of the game encourages all its participants to a
greater manifestation of their abilities.

The initial level of the boys’ strength fitness is sufficient
and conforms to age norms. Most of them had an average —
30.36%, an above average — 19.64%, and a high — 23.21% level
of strength abilities development.

The data obtained give reason to recommend that
teachers and coaches use active games aimed at developing
strength. As a result of using play load (5 games, 3 repetitions
with rest intervals of 40 s), there was a statistically significant
increase in strength indicators (p < 0.001).
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EQEKTUBHICTb BUKOPUCTAHHA PYXJIUBUX IFTOP
ANA PO3BUTKY CUJINY XNOMLIB 10 POKIB HA ETAII
NMOYATKOBOI NIATOTOBKU B KIOKYLUMHKAN KAPATE

Cgitiiana Mapuenko'*5P, Barrisip Catanen'A5<P

'XapkiBcbkmii HalfioHanbHNMI efaroriunmit yaisepcutet imeHi I. C. CkoBopopn

ABTOpChKNMIt BKIa: A — fusaits gocmimpKeHHss; B — 36ip manux; C — ctataHanis; D — migroroBka pykomnucy; E — 36ip Kourtis

Pedepar. Crarrs: 6 c., 3 Tabi., 28 mKeperna.

Merta gocnigyKeHHs — BUBYUTY PiBeHb NOKa3HUKIB CUIIO-
BOI IiATOTOB/IEHOCTI X0nuiB 10 poKiB, sAKi 3aliMalOTbCA KiOKy-
LIMHKAIl KapaTe, Ta eKCIePUMEeHTa/IbHO IepeBipuTu eeKTuB-
HICTDb BIUIMBY irpOBMX 3ac06iB Ha AMHAMIKY PO3BUTKY CHUJIN.

Marepianu i meTogmu. Y [OCHif’)KeHHi B3AMM y4YacTb
40 xnonuis 10 pokis. it Ta ixHi 6areku Oymu indopmosa-
Hi TIpo BCi 0COOGMMBOCTI JOCTI/PKEHH 1 Jamu 3TOAY Ha y4acTb
B eKclepuMeHTi. I/ BUPpIllIeHHs TOCTaB/IeHNX 3aBfjaHb Oy/n
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3aCTOCOBaHI TaKi METOAM JOCTIJPKEHHA: aHaJli3 HayKOBO-Me-
TOAMYHO] MiTepaTypu, Nefaroriyue TeCTyBaHH: Ta METOJY Ma-
TEMaTUYHOI CTATUCTUKM OOPOOKY Pe3y/IbTaTiB JOCTiIKEHHA.

Pesynprarn. Hait6inpuii smMiHu Bi].'[6YI'II/ICH 3a TIOKa3HMKa-
M TecTiB «CTpUOOK y ZOBXMHY 3 Mici» Ha 15,9% (p < 0,001),
«3 MONIO)KEeHHS JIeXKauyM Ha CIMHI IMigHiMaHHA B cif 3a 30 ¢»
Ha 16,0% (p < 0,001), «3rMHAHHS 1 PO3IMHAHHS PYK y BUCI»
Ha 18,3% (p < 0,001) Ta «Buc Ha 3irHyTux pykax» Ha 15,6%
(p < 0,001). Y xy0m1jiB €KCIIepyMEHTAIbHOI TPYIIN PE3y/IbTaT
«Crpubka y JOBXWUHY 3 MicClig» 3MiHMBCA 3 HU3BKOTO PiBHA
1o Bulle cepegHboro. HaltHyskunmit mpupicT pesynbTaris cro-
cTepiraBcs y Tectax «KuctboBa AuHaMOMeTpiA IMpaBol pyKiu»
Ha 7,2% (p < 0,001), «<KucTboBa fHAMOMETpist 1iBOI pyKn» Ha
6,9% (p < 0,001) Ta «3rMHAHHA | POSTMHAHHA PYK B YIIOpi JIeXa-
yy» Ha 11,8% (p < 0,001).

Bucnosku. [louaTkoBuit piBeHb CHIOBOI HMiATOTOBIEHOCTI
XJIONIIiB IOCTaTHIil Ta BifTIOBifja€ BikoBMM HOpMaM. binburicTh
i3 HMX Mam cepepHiit — 30,36%, Buie cepefHboro — 19,64%
Ta BUCOKMIT — 23,21% PpiBHi PO3BUTKY CMIOBUX 3[iOHOCTEIL.
OtpuMaHi faHi JaTh MifiCTaBy PEKOMEH/IyBaTU BUMTE/IAM i
TpeHepaM BUKOPMCTOBYBATH PyX/IMBi irpy CIpAMOBaHi Ha PO3-
BUTOK CM/IM. Y pe3y/lbTaTi 3aCTOCYBAHHA irpOBOrO HABAHTA-
eHHA (5 irop, 3 MOBTOpeHHA 3 iHTepBanaMu BifmounHKy 40 c)
BifOY/IOCS CTATMCTUYHO JOCTOBIPHE 3POCTAHHS CHJIOBUX II0-
Ka3HuKkiB (p < 0,001).

Kimrouosi coBa: xytomii, cuaosi 3ai0HOCTI, pyxiusi irpn,
irpoBe HaBaHTa)KEeHH:, KIOKYIIMHKal KapaTe.
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Abstract

The objective of the study was to deal with the ratio of the parameters of maximum muscle power and power endurance
and explain their contribution to the sports performance in kayak disciplines of Slovakia National Team members.
Material and methods. Strength parameters were monitored by Tendo Power Analyser in the barbell bench press and
pull on a horizontal bench. A diagnostic series of maximum power and effective repetition test for power endurance was
performed at both, barbell bench press and bench pull exercises. Determining the factors limiting sports performance
in kayak disciplines 200 meters, 500 meters, 1,000 meters, 5,000 meters, and marathon 21,500 meters, the evaluation of
dependence between all power variables were used. The stepwise regression was used to reduce the indicators.

Results. It was found out that in kayak sprint disciplines (200 meters, 500 meters) the sports performance in the

kayak is influenced by the barbell bench pull more than bench press on the horizontal bench when speaking about the
strength parameters. In the middle-distance disciplines (1,000 meters), the ratio of strength parameters is balanced.

As the length of kayak disciplines increases (5,000 meters and 21,500 meters), the ratio of strength parameters has

changed in favor of the barbell bench press.

From the parameters of maximum muscle performance and muscle endurance measured in the barbell bench press
and pull on a horizontal bench, the average power of power endurance was demonstrated to explain the sports

performance in kayak disciplines.

Conclusion. From the parameters of maximum power and power endurance in the bench press and bench pull in

all kayak disciplines, the parameter of average power in power endurance was proved to explain sports performance.
Knowledge of these factors will allow optimizing the content of sports training of kayakers, the process of developing their
strength skills, and their transformation process into a structure of sports performance and kayaking paddling technique.

Keywords: sports performance, kayak disciplines, stepwise regression, National Sports Center

Introduction

Sports disciplines in kayaking and canoeing are gain-
ing more and more popularity (Akca & Muniruglu, 2008).
Canoe Sprint is a traditional Olympic sport (Bielik et al.,
2019) that belongs to one of the most successful sports in
Slovakia and the Czech Republic, as evidenced by many gold,
silver, and bronze medals from international competitions,
Olympic Games, World Championships and Europe (McK-
ean & Burkett, 2014). It is a water sport performed on calm
stagnant or slightly flowing waters, whether they are natural
or artificial (Plagenhoef, 1979). The goal is to overcome with
the boat the distance in the shortest possible time. Races can

© Brodani, J., Dvordckovd, N., Monika Czakova, M., Zdenek
Malik, Z., Lopata, P., 2021.

be on two types of boats, first is canoe which is divided to
Cl1, C2, C4 (depending on the number of competitors on the
boat), and the second is the kayak which is divided to K1, K2,
K4 (Schmidt, 1992; Doktor, 2001; Barton, 2002). In a canoe,
the paddler kneels and uses a single-bladed paddle to propel
the boat forward and in the kayak, the paddler is seated and
uses a double-bladed paddle pulling the blade through the
water on alternate sides to move forward (Baker, Rath, Sand-
ers, Kelly, 1999; Sendelbeck & Schmid, 2016). Sprint canoe
is the strength-endurance type of sport; however, this does
not mean that it depends only on the strength and endurance
abilities of the individual which fall into conditioning factors
affecting sports performance (Lopata, 2014). In modern elite
sports nowadays identification of the best training methods
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is used, which is useful for improving strategies during com-
petitions. Such a strategy requires accurate measurements of
biomechanical and physiological parameters affecting sports
performance (Kendal, Sanders, 1992). Due to constant pad-
dling, kayaking is considered demanding muscular activ-
ity consisting of cyclic and acyclic uneven movements (Ste-
cenko, 1982, Vieira et al.,, 2015). Paddling requires proper
technique and coordination of movement and muscles so
that movement is economical and only the muscles neces-
sary during paddling are involved (Bauer, 1988; Gagin, 1981).
When paddling, the strength of the upper limbs is used, but
the lower part of the body also contributes. Paddling itself
can be further characterized as forward-pressure movements
and backward-pulling movements (Borkovcova, 2005; Ja-
nura, Kratochvil, Lehnert & Veverka, 2005). In kayaking, we
distinguish disciplines of 200 m, 500 m, 1000 m, 5000 m, and
marathon 21500 m (Grigorijev, Krasnopecev, 1972). Seating
and support of the boat differ according to the discipline.

The objective of the study was to find the rate of the pro-
portion of strength parameters measured in bench press and
bench pull on the horizontal bench on explaining the sports
performance in the kayak disciplines at 200 meters, 500 me-
ters, 1000 meters, 5000 meters, and in the marathon 21500
meters. It was assumed, based on the previous studies, that
the indicator of the average power of power endurance in the
bench press will contribute the most to the explanation of
sports performance in the kayak disciplines.

Material and methods

Study participants

The research sample consisted of representatives of the
Slovak republic in kayaking N= 17, with average age M =
16.82 years SD = 0.89. The average body height of sample was
M = 17544 cm, SD = 23.19 and average body weight M =
84.62 kg, SD = 27.57 kg.

Study organization

The level of physical development, strength parameters,
and sports performance is characterized by mean (M), stand-
ard deviation (SD), minimum (Min), maximum (Max) in
Tables 1 and 2. The measurement of strength parameters took
place in the Slovak National Sports Center. The best results in
the kayak disciplines of 2019 were obtained from the docu-
ments of the Slovak Canoe Association.

Bench press and bench pull strength parameters were
measured by the Tendo power analyzer. Tendo power ana-
lyzer measures average power and velocity, partial average
power, peak power, velocity and force, eccentric average ve-

Table 2 Sports performance of the monitored group in
kayak disciplines

Kayak .
disciglines M SD Max Min
200 m [s] 41.12 1.74 43.87 38.16
500 m [min] 1:55.28 0:03.57 2:01.84 1:48.96
1000 m [min] 4:04.93 0:04.88 4:12.55 3:58.00
5000 m [min] 23:04.15  0:58.52 25:39.30 21:50.03
21500 m [h] 1:47:28 0:05:19 1:55:01 1:40:48

locity, and rest time between reps or sets. In bench press and
bench pull were performed diagnostic series of maximum
power (weight of the barbell and average power) and test of
effective repetitions for the power endurance (weight of the
barbell, average power, number of repetitions). The weight of
the barbell was the same in the bench press and bench pull.

Statistical analysis

When defining the limiting factors of sports perfor-
mance in kayak discipline, the base is on the evaluation of
dependence between every strength parameter. Step regres-
sion analysis was used for the reduction of indicators and
the elimination of multicollinearity. This technique has used
the method Backward, which is characterized by the gradual
separation of variables from the total set in the regression
function. These are back-tested to see if they statistically af-
fect the quality of the regression model. Dependency (Pear-
son correlation coefficient r) and share (Peta*r) of individual
factors were determined by the correlation and regression
analysis. From the regression parameters, we present the de-
terminant of multiple correlation (R2) and the significance
of the model (F). Effect size is measured by Cohen’s d and
2 (Cohen, 1998). Statistical significance is assessed on two
significance levels p<0.05 and p<0.01 and effect size on 0.02 =
small; 0.15 = medium; 0.35 = large effect. Empirical data were
processed and evaluated in MS Excel and SPSS.

Results

When verifying the hypothesis, it was assumed that the
indicator of the average power on the bench will contribute
most to the explanation of sports performance in kayak dis-
cipline on 200 meters, 500 meters, 1000 meters 5000 meters
and in marathon 21500 meters. To verify this hypothesis, tech-
nique of correlation, regression, and step analysis were used.

By the correlation analysis between parameters of
strength in bench press and bench pull on the horizontal
bench with the sports performance, the interactions were
proven to a minimal extent. The strength parameters of the

Table 1 Comparison of the level of strength parameters in bench press and bench pull on the horizontal bench

Bench press Bench pull
Tendo Power Analyzer M P D M P D t-test P d

Maximum Barbell weight [kg] 58.235 5.847 61.471 6.063 2.184 0.044 0.543
power Average power [W] 538.647 55913 654.118 76.587 9.608 0.000 1.722
Power Barbell weight [kg] 58.235 5.847 61.176 6.002 2.184 0.044 0.543
endurance Average power [W] 486.294 39.352  571.873 57.952 7.491 0.000 1.728

Repetitions [n] 8.176 2.378 6.941 3.132 1.558 0.139 0.444
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Table 3. Correlations of strength parameters in bench press and bench pull on horizontal bench with the sports performance

in kayak disciplines (p < 0.05%; p < 0.01**)

Indicator 200 m 500 m 1000m 5000m 21500 m
. Barbell weight [kg] -0.166 -0.345 -0.200 -0.011 -0.374
Maximum power
Average power [W] -0.141 -0.250 -0.043 0.143 -0.351
Bench press Barbell weight [kg] -0.166 -0.345 -0.200 -0.011 -0.374
Power endurance Average power [W] -0.301 -0.401 -0.160 0.255 -0.218
Repetitions [n] -0.220 -0.021 -0.223 0.110 -0.117
. Barbell weight [kg] -0.034 -0.188 0.142 -0.029 -0.023
Maximum power
Average power [W] -0.211 -0.186 -0.059 -0.038 -0.234
Bench pull Barbell weight [kg] -0.106 -0.230 0.118 -0.164 -0.067
Power endurance Average power [W] -0.505% -0.493% -0.196 -0.059 -0.231
Repetitions [n] 0.229 0.313 -0.212 0.160 -0.022

bench press did not show any statistically significant relations
with sports performance in ani kayak discipline. From the
bench pull parameters on the horizontal bench were statisti-
cally significant interactions of the average power of power
endurance (W) to the sprint disciplines on 200 m r(17) =
-0.505; p < 0.05 and to 500 m r(17) = -0.493, p < 0.05. Other
remaining interactions between the strength parameters and
sports performance were not statistically significant (Tab. 3).
Another technique used to determine the proportions of
factors limiting sports performance was the multiple regres-
sion analysis of all strength parameters individually in bench
press and bench pull on the horizontal bench. The multiples
of the Peta correlation coeflicients and the correlation coef-
ficients “r” were calculated the partial shares (Tab. 4) to the
sports performance. The highest contribution to the explana-
tion of sports performance in the discipline of kayaking at
200 meters has the bench pull (38%) before the bench press
(10.1%). From the parameters of power endurance in bench
pull are important parameters of the average power 25.3%,
the number of repetitions 7.7%, and maximum power 5.2%.
Same in 500 meters kayaking, the bench pull (30.9%)
is over that bench press (25.0%). From the bench pull pa-
rameters, it is represented by power endurance (19.4%)
and by numbers of repetitions (11.1%). In the bench press,
key parameters are the weight of the barbell (11.5%), maxi-
mum power (6.4%), and average power (6.8%). The share
of strength parameters in 1000 meters kayaking is similar
(12.0% and 11.8%). In both cases “press vs. pull” are key pa-
rameters of the weight of the barbell (7.1% and 5.0%), num-

bers of repetitions (3.9% and 3.3%), and average power in the
power endurance (1.1% and 3.1%). As the length of the kayak
disciplines increases, the proportion of strength parameters
changes in favor of the strength parameters at the bench press
over the bench pull (5000 meters: 17.9% <> 5.5%; 21500 m:
36.6% <> 1.3%). In the discipline of 5000 meters kayaking,
key parameters are the average power endurance (11.3%) and
maximum power performance (5.9%).In marathon discipline
(21500 meters) are important parameters of barbell weight
(17.6%) and average maximum power (14.5%). It shows that
in the sprint disciplines of kayaking (200 meters and 500
meters) the highest share on the sports performance has the
strength parameters in bench pull before the bench press on
the horizontal bench. In the medium distances (1000 meters)
is the share of bench press and bench pull parameters equal.
As the length of the kayak disciplines increases (5000 meters
and 21500 meters), the proportion of strength parameters
changes in favor of parameters of strength in the bench press.

When identification of limiting factors of sports perfor-
mance in kayak disciplines, the reduction of indicators of all
strength parameters individually in bench press and bench
pull on a horizontal bench are used. For the reduction of indi-
cators, the stepwise regression analysis was used. Mostly in all
kayak disciplines, the parameter of average power in power
endurance (Tab. 5) in the bench press and bench pull has the
greatest information power.

In the complex reduction of strength parameters in the
bench press and bench pull, the previous findings have been
confirmed. In sprint disciplines, the parameters of bench pull

Table 4. Partial shares of strength parameters in bench press and bench pull on horizontal bench on the sports performance

in kayak disciplines (Beta*r)

Maximum power

Power endurance

Indicator
Barbell weight[kg]  Average power [W]  Average power[W] Repetitions [n] R?

Bench Press 0.033 -0.007 0.002 0.072 0.101
200 m

Bench Pull -0.002 0.052 0.253 0.077 0.308

Bench Press 0.115 0.064 0.068 0.003 0.250
500 m

Bench Pull 0.005 -0.002 0.194 0.111 0.309

Bench Press 0.071 0.000 0.011 0.039 0.120
1000 m

Bench Pull 0.050 0.004 0.031 0.033 0.118

Bench Press 0.000 0.059 0.113 0.007 0.179
5000 m

Bench Pull 0.001 0.013 0.019 0.022 0.055

Bench Press 0.176 0.145 0.027 0.014 0.363
21500 m

Bench Pull -0.004 -0.019 0.036 0.000 0.013
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Table 5. Step regression of strength parameters in bench press and bench pull to sports performance in kayak disciplines

(Peta*r)
Maximum power Power endurance
Indicator Barbell  Average  Barbell  Average . sig S f
. . Repetitions
weigth power weight power
200 Bench Press - - - 0.090 - 1.499 0.240 0.091 0.100
m
Bench Pull -0.028 - - 0.405 0.141 4.792 0.018 0.065 0.070
Bench Press - - - 0.209 - 2.871 0.111 0.161 0.191
500 m
Bench Pull - - - -0.154 - 4.827 0.044 0.287 0.402
Bench Press - - - 0.065 - 0.785 0.390 0.050 0.052
1000 m
Bench Pull - - - 0.039 - 0.601 0.450 0.039 0.040
Bench Press - - - 0.065 - 1.043 0.323 0.065 0.070
5000 m
Bench Pull -0.116 -0.017 0.712 - - 6.274 0.007 0.598 1.486
Bench Press - - 0.147 - - 2.444 0.139 0.140 0.163
21500 m
Bench Pull - - - 0.053 - 0.843 0.373 0.053 0.056
Table 6. Step regression of all strength parameters to sports performance in kayak disciplines (Beta*r)
Maximum power Power endurance
Indicator Barbell ~ Average  Barbell  Average . Sig R? f
X . Repetitions
weight power weigth power
200 m Bench Pull - - -0.020 0.405 0.141 4.789 0.018 0.525 1.105
500 m Bench Pull - - - 0.243 - 4.823 0.044 0.243 0.322
1000 m Bench Pull - - - - 0.045 0.707 0.414 0.045 0.047
5000 m Bench Press - - - 0.065 - 1.043 0.323 0.065 0.070
21500 m  Bench Press 0.140 - - - - 2.444 0.139 0.140 0.163

are statistically significant. In the endurance disciplines, the pa-
rameters of the bench press proved to be statistically significant.

In 200 meters, the greatest share on the sports perfor-
mance has the average power (40.5%) and the numbers of
repetitions in the power endurance (14.1%). A high share of
average power in power endurance (24.3%) is recorded in 500
meters kayaking discipline. The significance of parameters to
the sports performance was confirmed in both cases statisti-
cally (p < 0.05) with the effect size f2 > 0.3. In endurance kayak
disciplines, the results are ambiguous according to their sta-
tistical significance. A factor of effective repetitions in power
endurance in bench pull (4.5%) was measured in 1000 meters
kayaking. The bench press is the limiting factor in the endur-
ance kayak disciplines in 5000 meters (average power in power
endurance 6.5%) and in 21500 meters (barbell weight 14.0%).

Discussion

This study aimed to compare the strength parameters
measured in bench press and bench pull in the horizontal
bench on the explanation of the sports performance in kayak
disciplines in 200 meters, 500 meters, 1000 meters, 5000 me-
ters, and in marathon 21500 meters (Endicott, 1995; Poto¢ny,
1985). Data were recorded through the Tendo power analyzer.
This study shows that the parameter of average power in pow-
er endurance (Strnadovd, 2004) in the bench press and bench
pull, has a great impact on the sports performance in kayak
disciplines. Interactions of sports performance and strength
parameters in the bench press did not prove to be statistically
significant. Interactions of sports performance and strength
parameters in bench pull were significant in the average power
of power endurance in 200 meters and 500 meters. Sports per-
formance partial shares in kayak disciplines determine limit-
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ing factors. In the discipline of 200 meters, have the highest
share on the sports performance the bench pull parameters
(power endurance in average power, numbers of repetitions,
and maximum power). Similarly, in the 500 meters discipline
the bench pull was a key determinant in parameters of power
endurance and numbers of repetitions. In the bench press, the
important determinants were the barbell weight, maximum
power, and average power (Bily et al., 2000). In the 1000 me-
ters discipline, the parameters of barbell weight, numbers of
repetitions, and average power in power endurance prevailed.
The share of strength parameters in the bench press and bench
pull is equal (Joachimsthaler, 1967; Rodano, Squadrone, Sac-
chi, & Marzegan, 2001). The average power endurance and
maximum power in the bench press were key determinants
in 5000 meters long discipline. In kayaking marathon (21500
meters) prevailed parameters of barbell weight and average
maximum power measured in the bench press (Janura, Kubu,
Kratochvil & Stromsik, 2000). According to continuous meas-
urements, performance in the kayak discipline is greatly in-
fluenced by the technique (Bauer, 1988; Fucikova, 2003). Ac-
cording to Janura et al. (2000), an effective technique can be
described as a symmetrical range of movement of both hands,
minimal torso movement in the anteroposterior direction,
and greater arm rotation, which author calls mechanical skill.
Doktor (2001) and Schmidt analyze in their work the pad-
dling techniques. Strnadova (2004) discussed the importance
of muscle involvement. On the sports performance in sprint
kayak disciplines (200 meters and 500 meters) the strength pa-
rameters in bench pull on the horizontal bench are statistically
important (Szanto, 1991, 2004; Sebesta & Podlucky, 2002).
The proportion of power in the bench press and bench power
is balanced in the medium distance discipline (1000 meters).
With the increasing length of kayak disciplines (5000 meters
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and 21500 meters), the proportion of strength parameters var-
ies in favor of power in the bench pull (Sanders, 1998).

Conclusion

The used approach allowed pay attention to the strength
parameters, which provide the essential information to an
explanation of sports performance in kayak disciplines. It
shows that in the sprint disciplines (200 meters and 500 me-
ters) has a greater impact on the sports performance strength
parameters measured in bench pull than in the bench press.
In middle distance discipline (1000 meters) the share of
power in bench press and bench pull is balanced. With the
increasing length of kayak discipline (5000 meters and 21500
meters), the proportion of strength parameters varies in favor
of power in the bench press. From the parameters of maxi-
mum power and power endurance in bench press and bench
pull in all kayak disciplines the parameter of average power in
power endurance was proved to explain sports performance.
Knowledge of these factors will allow optimizing the content
of sports training of kayakers, the process of developing their
strength skills, and their transformation process into a struc-
ture of sports performance and kayaking paddling technique.
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YACTKA CUJTOBUX MAPAMETPIB XKUMY NNEMAYU TA TATU LWUTAHIU
HA TOPU3OHTAJIbHIN 1ABI Y CMOPTUBHUX MOKA3HUKAX
y ANCUUNNIHAX BECJTYBAHHA HA BAUOAPKAX

Apocnas Bpopmani'**P, Harania [IBopxkaukoBa*®<P,
Momnika YakoBa***“P, 3nenex Manik*?, Ilerpo /Iomara*®

L234Yuiepcuter Koctantuna @inocoda B Hirpi
>CoBalbKMii HaIlilOHa/IbHUII CIOPTUBHUN LEHTP

ABTOpCBHKNMIT BKIIM: A — [U3aiiH BOCTiIKeHHs; B — 36ip panux; C - crarananis; D - migrotoska pykomucy; E - 36ip komTis

Pedepar. Crarrs: 6 c., 6 Tab11., 31 mKepero.

MerTox0 KoCHifKeHHs Gy10 PO3I/IAHYTH CIiBBiHOIIEHHS
IapaMeTpiB MaKCMMaabHOI M’30BOI CWJIM Ta CUIOBOI BUTPU-
BAJIOCTi Ta IMOACHUTY iXHiil BHECOK Y CHOPTUBHI ITOKa3HUKN Y
AMCLUIVIIHAX BeC/TyBaHHs Ha Galijapkax WieHiB Hal[lOHaIbHOI
36ipHOi ClTOBaY4MHIL.

Marepian i meTogu. CrtoBi mapaMeTpy KOHTPOJTIOBaIN 3a
nonomoroio Tendo Power Analyzer y sxumi mranru Ta Taru Ha
TOPM3OHTA/bHIl NaBi. [liarHOCTMYHA cepis TECTiB MaKCUMalb-
HOI IIOTY>KHOCTI i e(peKTUBHMX ITOBTOPEHDb Ha CU/IOBY BUTPUBA-
micTh Oyna IMpoBefieHa sIK y BIIPaBax Ha XXMM IITAHTH JIeXXadln,
TaK i y BIpaBax Ha TATY jeXadyn. [[1a BUsHauYeHHS (PaKTOPIB,
[0 OOMEXYIOTh CIIOPTVBHI IIOKa3HUKY B JUCHUITTIHAX BECTTY-
BaHHs Ha 6aiiapkax 200 metpis, 500 meTpis, 1000 MeTpis, 5000
MeTpiB Ta MapadoHni 21 500 MeTpiB, BUKOPUCTOBYBA/IM OLIHKY
3aJIEKHOCTI MK yciMa CMIOBMMM 3MiHHUMMN. [I1 3MeHIIeHHA
ITOKa3HMKIB BUKOPMCTOBYBaIacs IOKPOKOBA perpecis.

Pesynbratu. byno BusABneHo, mwo y gucHUIUIiHAX CIIPUH-
TepPChKOTO BeCTyBaHH:A Ha baiiapkax (200 meTpis, 500 MeTpiB)
Ha CIIOPTMBHI IIOKa3HMKM BIUIMBAE Tsra LITAHTY Oi/lblie, HOK
SKMM HITAaHTY Ha TOPM3OHTa/NbHIN MaBi. Y AUCHUIIIIHAX Ha ce-
penui mycrannii (1000 MeTpiB) cHiBBiZHOLIEHHA ITapaMeTpiB

cy BUBaXKeHe. 31 361/IbLIIeHHSAM JOBKIHI JUCLIUITIIH Y BECTTY-
BaHHI Ha 6aitjapkax (5000 meTpis Ta 21 500 MeTpiB) cHiBBigHO-
LIeHH: TapaMeTpiB CUIM 3MiHMIOCA Ha KOPUCTD )KMMY LITaHTH.

Ha ocHOBi mapameTpiB MaKCHMMa/lbHOI M 'SI30BOI IMPOAYK-
TMBHOCTI Ta M’130BOi BUTPMBAIOCT], BUMIPAHMX y MM LITaH-
I Ta T531 Ha TOPM3OHTA/IbHII TaBi, 6y/1a BUKOPMCTAHA CepeHs
TOTY>KHICTh CUIOBOI BUTPUBAIOCTI /I MOSCHEHHA CIIOPTUB-
HYIX pe3y/IbTaTiB y JUCLUIITIHAX BeCTTyBaHH Ha OaliapKax.

BucnoBKu. AHaj1i3 TOKa3HMKiB MaKCYMa/IbHOI IOTY>KHOCTI
Ta CMJIOBOI BUTPUBAJIOCTI B XKMMi JIEXKa4M Ta TA31 71€XKadn JOBO-
INTD, IO Y BCIX AMCUMIUIIHAX BeCAYBaHHA Ha Oaiifapkax Ia-
paMeTp CepefHbOl IIOTY>KHOCTI B CUJIOBili BUTPUBAIOCTI IOAC-
HIOE CIIOPTMBHI pe3y/bTaTi. 3HAHHA IUX YMHHUKIB JO3BOIUTD
OITMMI3yBaTy 3MICT CIIOPTUBHOI MiATOTOBKY OaliJapOYHUKIB,
Ipollec PO3BUTKY IX CMIOBMX 3/1iOHOCTeIT Ta IpoIlec iX TpaHC-
dopmalii B CTPyKTYypy CIIOPTUBHOI AiA/IBHOCTI Ta TEXHIKY Bec-
JlyBaHH Ha baiifjapKax.

KnrouoBi cnmoBa: ciopTyBHI MOKa3HUKM, JUCLUIIIIHN Bec-
JyBaHHA Ha Oalifjapkax, MOKpOKoBa perpecis, Harjionanpunit
CIIOPTUBHUIL LIEHTP
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HaykoBO-MeTogNYHUI XKypHan
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Binnosinansuuii 3a Bunyck  O. M. Xymomiit
Komm’torepna Bepctka M. O. Xynomiit
Kopekrop €. b. bnank

CBifonTBo Ipo AepxaBHy peecTpaiio cepis KB Ne 6255 Bix 21.06.2002 p. 3acHoBHUK i BumaBenb — TOB «OBC».
ITepepmumarHnii ingekc 74667. Anpeca pepaxuii: https://www.tmfv.com.ua. Ten.: (067) 578-40-08. E-mail: tmfv@tmfv.com.ua

Hakasom MOH Yxpaiun Big 26.11.2020 Ne 1471 5kypHaJt BKITIOY€HO B KaTeropito «A» GpaxoBux BUAAHb YKPaiHU.

Hayxku: ¢isnane BuxoBanHs i criopt. CrienianbHicTe: 017 — ®isnyna KynsTypa i ciopr (26.11.2020).
Hayxku: egarorivsi (26.11.2020). CreniansHocri: 011 — OcBirtHi, megaroriuui Hayku (26.11.2020);
014 - CepepHst ocBiTa (3a mpeAMeTHUMI CHeniaabHOCTsIME) (26.11.2020).

ITipmmcano #o #pyky 25.03.2021. Gopmar 60x84 1/g. Tlanip odcernuit. Tapuirypa Taitmc. Ipyk odceTHuit.
VM. mpyk. apk. 11,85. O6m.-Bup,. apk.12. Bug. Ne 01-2021. 3am. Ne 56. Tupak 300 npum. I]ina forosipHa.
TOB «OBC» Yxpaina, 61003 Xapkis, m1. Koncturymii, 18, k. 11.
Csinonrso Jlepxxxominpopmy Ykpainu Cepis JIK Ne 331 Bixg 08.02.2001 p.
Ipykapusa T3OB «Iludpa npint». 61166, m. Xapkis, Byn. Kynsrypn, 20-B



