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Abstract

Purpose: Young people who study physical education and sport are a priori regarded as having proper body
structure and body composition. It is widely presumed that young who study physical education at one of several
national universities of physical education (East Sarajevo) could be characterized with proper physique and body
composition. Aim of the current study was to assess and analyze the body composition of a male students
Physical Education and Sport, University East Sarajevo, by bioelectric impedance analysis and determine the
significance of inter correlation coefficients.

Material and methods: In study the participants consist 30 male students of Faculty of Physical Education and
Sport, University of East Sarajevo, the Ill year of study (Body Height = 182.20 + 6.89cm; Body Weight = 80.06
8.80kg; Body Mass Index= 24.03 + 2.58kg/m?).

Results: of the study showed that the body composition is within the healthy (allowed) values recommended
for this population of students (Body Fat=10.90kg or 13.62%; Body Muscle= 65.74kg or 82.40%; Body Water =
61.54%; Basal metabolic rate = 2045.07kCal; Daily calorie intake = 8436.56 kCal, etc.). Inter correlation
coefficients showed inverse and significantly high correlation (p=0.000) between (inter correlation coefficient
rat-Muscle = -0.945), (inter correlation coefficients rat-water = -0.963) while direct correlation was achieved between
(inter correlation coefficient muscle-water = 0.986).

Conclusion: The obtained results of the study defined the appropriate body composition of the students, which
is a consequence of their adequate physical activity and well-designed curricula at the home faculty. In the
parameters of body composition, students of physical education and sports in East Sarajevo had a higher muscle
component and lower values of fat component than other students as a result of their somatotype, way of
studying, teaching and extracurricular physical activities.

Key words: students of Physical Education and Sport, body composition, bioelectric impedance analysis,
correlation analysis
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AHoOTALA
Patko MaBnosuuy. Komnosuuia tina crypgeHTtis paKynbreTiB Pi3MYHOro BMXOBAHHA i CMOPTY: nepexpecHe
NiNoTHe JOoCNiAKEeHHA
MeTta: Monogi ntogm, Aki 3aimatoTbca Gi3Ky/bTYpOlo Ta CNOPTOM, anpiopi BBaXKAtOTbCA TaKMMM, LLO MakTb
HanexHy 6ynosy Tina Ta 6yaosy Tina. LLIMPOKO NpmMnycKaeTbes, WO MOIOAb, AKa BUBYAE (isMYHE BUXOBAHHA B
OAHOMY 3 Ki/IbKOX HaLioOHaNbHUX yHiBepcuTeTiB ¢isnyHOro BuxoBaHHsA (CxigHe CapaeBo), MOXKe MaTu HaNeXHyY
CTaTypy Ta KOMMO3MLUito Tifla. MeTo NOTOYHOrO AOCAIAMKEHHA BYN0 OLIHUTM Ta NPOaHaANi3yBaTW CKAag Tina
CTYAEHTIB-4ONOBIKIB, CTYyAeHTiB ¢i3n4yHOro BMXOBaHHA Ta cnopTy, YHiBepcuteTr CxigHoro Capaeso, 3a
6ioeNeKTPUYHUM iMNeAaHCHMUM aHa/i30M Ta BU3HAUYMUTU 3HAYEHHSA KoedilliEHTiB B3aEMO3B'A3KY.
Martepian i metoam: Y gocnigeHHi 6panm yyactb 30 CTyAEHTIB-4010BIKiB PpaKyibTeTy Ppi3MYHOro BUXOBAHHSA Ta
cnopty YHisepcuteTy CxigHoro CapaeBo, lll pik HaBYaHHSA (3picT Tina = 182,20 + 6,89 cm; maca Tina = 80,06 + 8,80
Kr; iHOeKc macu Tina = 24,03 + 2,58 Kr/m?).
Pe3ynbTaTi: JOCNIAKEHHA NOKA3ano, WO CKNAA, TiNa 3HAXOAUTLCA B MeXKax 340P0BUX (4,03BONIEHUX) 3HAYEHD,
peKoMeHZL0BaHWUX AanA uiei rpynu ctyaeHTiB (HMup = 10,90 kr abo 13,62%; M'asu Tina = 65,74 kr abo 82,40%; Boga
B opraHiami = 61,54%; 6a3anbHa WBKUAKICTb MeTaboniamy = 2045,07 KKan; nobose cCnoXuBaHHA Kasiopin =
8436,56 KKan Towo). KoediuieHT B3aeEM03B'A3KY NOKa3aB 0bepHeHY Ta 3Ha4YHO BUCOKY Kopensuito (p=0,000) mix
(koediuieHT B3aemo3B'a3Ky Mup-M’asun=-0,945), (koediuieHT B3aemo3B'a3Ky Kup-Boga=-0,963), Toaj AK npama
Kopenauia 6yna gocarHyTta mix (KoediuieHT B3aemo3s'asky M'asu-Boga= 0,986).
BucHoBoK: OTpMMaHi pe3yibTaTh AOCAIAKEHHS BUSHAYUAW BiAMNOBIAHMIA CKNag Tina CTYAEHTIB, WO € HACAIAKOM
X £,OCTAaTHbOI Pi3MYHOT aKTMBHOCTI Ta FPAMOTHO PO3pPO6AEHNX HaBYa/IbHUX NPOrpamM Ha pigHomy daKyabTeTi. 3a
napametpamu 6ygoBu Tina cTygeHTM oisKynbTypu Ta cnopty CxigHoro Capa€eBo mManu BUWMIA M'A30BUIA
KOMMOHEHT i HU¥KYi 3HAYEHHSA XMPOBOr0 KOMMOHEHTA, HiXK iHLWIi CTYAEHTH, Lo BMJIMHY/IO Ha IX COMaToTWN, cnoci6
HaBYaHHA, BUKNAAAHHA Ta N03aKAacHOI Gpi3sNYHOI AiaNbHOCTI.
KnouoBi cnosa: ctyaeHTU 3 isMYHOI KyNbTypu i cnopTy, KOMno3uuia Tina, 6ioenekTpuuHuUii imneaaHcHUn
aHani3, KopenauinHui aHanis

AHHOTALIUSA
PaTtko Masnosuy. Komnosuumsa tena ctyaeHToB ¢pakynbTeToB PU3MUECKOI KyAbTypbl U cNopTa: NpodpunbHoe
NUNOTHOE UccnepoBaHue
Uenb: MonogexKb, usyyatowas GU3MYECKYI0 KylbTypy WM CMOPT, anpuvopu PacLEeHUBAETCA KaK MMmeroLLas
npaBu/ibHOE TeNoCNOXeHWe U cocTaB Tena. LUMpOKo pacnpocTpaHeHO MHeHWe, 4YTO MONoAble Ntoau,
nsyyatowme dusmMyeckoe BocnuTaHMe B O4HOM M3 HECKOJIbKMX HALMOHANbHbIX YHUBEPCUTETOB PU3MYECKOrO
BocnuTaHuA (BoctouHoe CapaeBo), MOryT XxapaKTepM3oBaTbCA NPaBU/IbHbIM TE/IOC/IOXKEHUEM U COCTaBOM Tena.
Llenb HacTosALlLero nccieoBaHMA COCTOAIA B TOM, YTOBbI OLLEHUTb M MPOaHaAM3MPOBaTb COCTaB Tesa CTYAeHTOB
MY}KCKOro nosna no ¢usnmyeckomy BOCNUTaHWUIO M cnopTy YHuBepcuTeTa BoctouyHoro CapaeBo C MOMOLLbHO
61MoMmnenaHCcHOro aHaansa u onpeaennTb 3HayeHne KospPULMEHTOB B3aMMOCBA3MN.
Martepuan u metoapl: B wnccnegoBaHum npuHanam ydactme 30 CTYAEHTOB MYMKCKOrO nosia ¢aKkynbreTta
¢du3nyeckoro BocNUTaHMA 1 cnopTta YHMBepcuteTa BoctouHoro Capaeso, Il Kypc 06ydeHus (poct = 182,20 + 6,89
cm; macca Tena = 80,06 + 8,80 Kr; MHAeKc macchl Tena = 24,03). + 2,58 Kr/m?2).
Pe3ynbTaTbl: McciefoBaHME MOKa3aso, YTO COCTaB Te/la HaxoAuTCA B npefenax 340pO0BbiX (4oMycTUMBbIX)
3HaYeHWN, PEKOMEHA0BaHHbIX ANA AaHHOM nonynaumm ctyaeHTos (Mup = 10,90 Kr naun 13,62%; Mbiwupl Tena
= 65,74 kr nnn 82,40%; Boga B opraHusme = 61,54%; 6a3anbHaA ckopocTb meTabonmsma = 2045,07 KKan;
CyTOYHaA HopMma Kanopuii = 8436,56 Kkan n T. 4.). ICC nokasan 06paTHYIO 1 3HAUMTENbHO BbICOKYH KOpPensaLumio
(p = 0,000) mexay (KoapPUUMEHT B3aUMOCBA3M KUP-MblwLbl = -0,945), (KO3adPULMEHT B3aMMOCBA3M KMUP-BOAA
=-0,963), B TO Bpems Kak npAmas Koppensauma bbiia A0CTUTHYTa Mexay (KoabduumeHT B3aMmMoCBA3N MblLLa-
Boaa = 0,986).
3aknwoueHue: MosyyeHHble pe3ynbTaTbl UCCNeA0BaAHUA ONpPeaeMIN COOTBETCTBYHOLWMIA COCTaB TeNa CTYAEHTOB,
4yTO ABASETCA CAeACTBMEM MX afleKBaTHOW [ABUraTe/ibHOM aKTUBHOCTM M NPaBUAbHO COCTaB/IEHHbIX y4ebHbIX
nporpaMmm Ha gomawHem dakynbtete. 1o NnapameTpam TENOCNOXKEHMUA Y CTYAEHTOB OU3KYAbTYPbl U cnopTa
BoctouHoro CapaeBo 60n1ee BbICOKME 3HAaUYEHMA MbILLEYHOTO KOMNOHEHTA U 60/1ee HU3KME 3HAYEHUS KUPOBOTO
KOMMOHEHTa, YeM Y APYrUX CTYAEHTOB, YTO 06YCNOBAEHO MX COMATOTUMOM, Cocobom 0byyeHus, npenogaBaHus
1 BHey4yebHoM Ppusnyecko akTMBHOCTU.
KnoueBble cnoBa: CTyAeHTbl GU3UYECKOM KyNbTypbl U COPTa, KOMMNO3ULUUSA Tena, BonmnesaHCHbIM aHanus,
KOppenAuMOoHHbIN aHanu3
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Introduction

Lack of movement (hypokinesia) reflects the
time in which modern man lives and movement is one
of the important factors in maintaining good health. In
today's era of modern lifestyle, there is less and less
physical activity (PA). As a consequence of
"hypokinesia”, many negative consequences for
human health occur. Numerous deformities of the
locomotor system occur at a younger age, while
various metabolic and cardiovascular diseases are
present in the older population [1-5]. Low levels of
PA most often lead individuals to an increased risk of
obesity and cardiovascular disease [6]. On the other
hand, physical activity has been suggested as a means
of reducing and controlling body fat. PA has
important health benefits for adolescents and adults,
and is associated with more favorable biological
cardiovascular diseases (lower blood pressure, more
favorable serum lipids and lipoproteins, and reduced
adiposity) than less active or fit individuals,
improving their ability to perform everyday tasks [7]
More generally, regular PA has been shown to
effectively reduce various health risk factors,
especially those related to cardiovascular disease and
metabolic syndrome [8, 9]. Part of the effects of PA
are thought to be through lowering blood pressure,
improving lipid metabolism, and reducing body
weight [10, 11]. Previous studies [12-17] confirmed
that PA or aerobic exercise is inversely related to
blood pressure. The American College of Sports
Medicine recommends that adults engage in at least
150 min- wk—1 of moderate intensity cardiovascular
exercise and at least 75 min wk—1 of vigorous
intensity training, in order to maintain a sufficient
level of cardio-respiratory fitness. Resistance training
is also suggested 2—3 day wk—1 [18].

Certain effects of increased physical activity
include certain changes in the body composition of
each organism [19-21]. Also, the level and magnitude
of the observed changes depend on the type of
physical activity or sport that the individual engages
in as well as on his individual characteristics, abilities
and predispositions. This usually includes gender,
age, somatotype and specific dynamics of one's
metabolic process in the body, which is a prerequisite
for the formation of an appropriate body composition
[22]. Several methods are used to analyze and
measure body composition, and the most accurate
measurement methods are magnetic resonance
imaging and computed tomography [23].
Unfortunately, these methods are expensive and are
mainly used in medical diagnostics because their wide
application in population studies is difficult to justify.
However, the use of bioelectrical impedance analysis
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(BIA) is a relatively simple and non-invasive method
for indirectly estimating overall body composition.
BIA analysis is used in studies to assess body
composition (e.g. total extracellular, intracellular
water compartments, muscle mass, adipose tissue,
body mass, resistance, basal metabolism). Its use is
becoming increasingly popular because it is safe, fast,
easy to use and suitable for laboratory, clinical and
field assessments of the composition of the human
body [24]. Due to its confirmed high repeatability,
BIA is widely used in population studies as well as in
replicating research [25] to enable comparative
analysis of study results in different populations. The
obtained information on body structure is
multifunctional and can be used in different cases and
with different population groups, including the
student population.

With the transition to university, there are
changes in the lifestyle of individuals, in terms of
greater independence and increased social relations
with peers, with many colleges becoming a sensitive
population group in terms of diet and lifestyle [26].
Thus established new social relations and way of life
most often shorten the time towards physical activity,
reduce the quality of nutrition, which results in
deterioration of physical composition and physical
fitness of students during the school year [27, 28]
show the findings of studies in several countries
where poor activity, poor diet and smoking are serious
health problems among students [29].

Students of physical education and sports (PES)
represent a special population of healthy young people
for whom PA is primary, which is in line with the
specifics of their study plans and programs. Their PA
is manifested through various forms of sports, most of
which are included in the program of the Summer and
Winter Olympic Games. In this regard, it is
considered and expected that students of these
faculties will have a different body composition
compared to the population of the same chronological
age, bearing in mind the continuity of their physical
activities during their studies, also through various
extracurricular activities (engagement in sports clubs
and other types of recreation). A study by Grima, &
Blay [30] conducted in Spain showed that students of
physical education and sports have a healthier
lifestyle, better cardiovascular profile and less body
fat than students of other faculties, which may be due
to the curriculum, which promotes active and a
healthy lifestyle, in addition to having practical
classes in which students participate in PA. In this
regard, some research on the population of students of
physical education and sports [22, 31 - 36] analyze
issues of body composition, impact on motor
manifestations, fitness index, correlation with
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physical activity of students, differences between
students of different geographical regions,
correlations between body composition with physical
fitness, nutritional habits, fitness and anthropometric
parameters, which leads to the conclusion that
physical status is a variable category and is primarily
dependent on adequate PA of the individual and their
lifestyle.

When enrolling at the faculty of physical
education and sports, it is understood that future
students have an adequate level of motor and
functional potentials as well as an appropriate body
composition that will, in the best possible way, enable
them to realize planned PA during their studies.
Almagia Flores, Lizana Arce, Rodriuez Rodriuez, et
al. [31] suggest that the body composition of the
student is of vital importance because it will be an
excellent profit in subjects that require physical effort.
It is widely believed that young people studying at the
faculty of physical education and sports at one of the
two national universities of Republic of Srpska (East
Sarajevo) could be characterized by proper
morphological  structure, appropriate  motor-
functional  potential and  appropriate  body
composition. However, this assumption cannot be
confirmed because so far there has been no research
regarding the detection and analysis of physical status
with students of this faculty. Due to this fact, it was
considered useful to analyze and learn more about the
physical development of these young people
(students) who chose to study to become physical
education teachers, sports coaches, instructors of
recreational and sports activities or organizers of
sports and recreation.

The aim of this pilot study is the detection and
analysis of body composition of male students at the
Faculty of Physical Education and Sports, University
of East Sarajevo, using BIA. The study made it
possible to identify the components of body
composition that define and distinguish this
physically active population (the so-called healthy
population) from the physically less active population.
There will also be information on the possibilities of
students for the realization of practical classes at the
faculty, especially in the field of aerobic and
anaerobic activities.

Material and methods
Participants of study

This was a cross-sectional pilot study carried out
on a total of sample 30 male students, Faculty of
Physical Education and Sport, East Sarajevo (111 year
of study) (Body height=182.40+6.89cm; Body
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weight=80.06+8.80kg; BMI=24.03+2.58kg/m?. A
total of 19 variables were measured to assess BC:

Body fat (kg),

Body fat (%),

Body muscle ( kg),

Body muscle (%)

Body water (%),

Right arm muscle (kg)

Left arm muscle (kg)

Trunk muscle (kg)

Right leg muscle (kg)

10. Left leg muscle (kg)

11. Right arm fat (%)

12. Left arm fat (%)

13. Trunk fat (%)

14. Right leg fat (%)

15. Left leg fat (%)

16. Viscelar fat

17. Bones (kg)

18. Basal metabolic rate - BMR (kCal)
19. Daily calorie intake-DCI (kcal)

CoNor~wNE

Experimental design

This study followed a cross-sectional design.
The standard metric instruments were applied
according to the methodology of the International
Society for the Advancement of Kinanthropometry
(ISAK). Body weight and Body composition (BC)
were assessed with the Bioelectrical Impedance
Analysis (BIA) using a body composition analyser
(Tanita Inner ScanV BC-545N, Tokyo, JAPAN), in
accordance with the measurement protocol. The
participants were informed in about the nature of the
study and investigational procedures, and all the
participants have voluntarily given their consent to be
the part of this study. The measurements were
according to the procedures in the Helsinki
declaration.

Bioelectrical Impedance Analysis (BIA)

Body composition monitor was used to assess
the variables of body composition of the participants.
It is a device that measures the body weight, body fat
percent, visceral fat, skeletal muscle mass, and resting
metabolic rate which works according to Bioelectrical
Impedance Analysis (BIA) which analyzes the
electrical resistance of the body tissues by sending
extremely weak electrical current through the body.
The following procedures were used for the
measurement [37]
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1. The power switch was press to turn on the machine Results

the input button was pressed to enter each
participant’s age, height and sex;

2. Each participant mounted the machine bear footed
placing the sole on the electrode of the machine;

3. Raise your arms horizontally and extend your
elbows straight to form a 90° angle to your Body;

4. Stand with your knees and back straight and look
straight ahead;

5. Hold the display unit in front of you;

6. Step on the Main Unit barefoot;

7. Make sure the heels are positioned on the heel
electrodes and

8. Stand with your weight evenly distributed on the
measurement platform.

Data analysis
The descriptive statistic were calculated. The

statistical package  Statistica, version 10.0
(STA999k347150-W) was used for data processing.

The obtained results define the physical status
of students of PES. More than 95% of student
respondents engage in extracurricular physical
activities (sports clubs, gym, fitness clubs). The
presents the statistical parameters of the BC of the
analyzed sample of male students (Table 1. Figure 1).
The results confirmed that body fat determines 13.62
+ 5.60% (5.20-26.10%) of body composition, which
is mean 10.90+4.92kg of fat mass (3.90-20.30kg). Of
the total body mass of the sample (80.06kg), muscle
mass is contained in 82.40+4.80% (or 73.78-90.10%),
wich is mean 65.74+ 5.79kg (56.60-81.50kg), while
bones as part of the skeleton and total body mass take
part with 3.42 kg (3.00-4.20kg) which is an indicator
of the appropriate mineral status of the bones of the
organism.

Table 1
Descriptive statistics Body composition
Body composition Mean Min. Max. >D Coef.Var.
(CI SD +95%)

Body fat (kg) 10,90 3,90 20,30 4,92 45,18
(3,92-6,62)

Body fat (%) 13,62 5,20 26,10 >/60 41,15
(4,46-7,53)

Body muscle (kg) 65,74 56,60 81,50 >79 8,81
(4,61-7,79)

Body muscle (%) 82,40 73,78 90,10 4,80 5,83
(3,82-6,45)

Body water (%) 61,54 53,90 68,40 4,23 6,87
(3,37-5,68)

Right arm muscle (kg) 4,01 3,40 5,40 0,45 11,20
(0,36-0,60)

Left arm muscle (kg) 4,00 3,30 5,60 0,49 12,26
(0,39-0,66)

Trunk muscle (kg) 35,53 29,60 44,40 3,45 9,71
(2,75-4,64)

Right leg muscle (kg) 11,28 9,90 13,10 0,78 6,90
(0,62-1,05)

Left leg muscle (kg) 10,91 9,70 13,00 0,79 7,27
(0,63-1,07)

Right arm fat (%) 12,65 6,20 18,90 3,02 23,85
(2,40-4,05)

Left arm fat (%) 13,51 6,80 20,60 3,65 26,99
(2,90-4,90)

Trunk fat (%) 13,56 5,00 25,00 6,53 48,18
(5,20-8,78)

Right leg fat (%) 1264 | 420 | 21,70 4,08 32,25
(3,25-5,48)

Left leg fat (%) 13,38 5,90 20,60 3,70 27,63

12
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Fig. 1. Body composition of students Physical Education and Sport

It is evident that numerical analysis of
segmental muscle status defines significant symmetry
between the left and right sides of the cranial and
caudal extremities. The right arm 4.01kg (min-max
3.40-5.40kg) contains identical mean muscle mass
than the left arm 4.00kg (3.30-5.60kg). Right leg
11.28kg (9.90-13.10kg) contains slightly more in
relation to the left leg 10.91kg (9.70-13.00kg). The
largest muscle mass is present in the trunk muscle
35.53kg (29.60-44.40kg). Regarding the average
representation of adipose tissue for trunk (13.56%),
differences between the cranial and caudal extremities
is evident (Table 1, Figure 1). They generally
maintain an inverse relationship with muscle tissue
and water values (water, 61.54%) as expected. The
right arm contains an average of 12.65% adipose
tissue (6.20-18.90%) and is slightly less than the fat
percentage of the left arm 13.51% (6.80-20.60%). The
proportion of adipose tissue in the caudal extremities
recorded identical average values (right leg, 12.64%
vs. left leg 13.38%) as well as ranges of min. and max.
results. Carcass fat content contains close to 13.56%
(5.00-25.00%), which is within healthy limits, without
the possibility of amenorrhea with loss of minerals in
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the bone. Body composition reflects a slight
heterogeneity within the sample for body fat (kg),
which may be due to poorer selection when selecting,
biological differences, training process,
extracurricular  physical activities, acceleration
growth, physical fitness, etc.

Out of a total of six inter correlation
coefficients  (ICC)  between  anthropometric
parameters (height, weight) with the amount of fat,
muscle component and water content in the body, four
showed a high statistical correlation (Figures 2,3,4,5).
Body height records a positive correlation only with
muscle mass (r = 0.550; p=0.000), while there are
insignificant correlations with the amount of fat and
water in the body. It turns out that students with higher
body weight also had a larger muscle component. In
contrast to height, body mass is in a significant linear
relationship with the amount of fat in the body (r =
0.748; p = 0.000) and muscle component (r = 0.843; p
= 0.000) while inversely related to the amount of
water in the body = -0.605; p = 0.000). ICC body
composition, ie muscle mass and water content
showed a very high and statistically significant direct
ratio (r = 0.986; p = 0.000), in contrast to ICC body
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fat and muscle component content (r = -0.945; p =
0.000), that is, fat and water content (r = -0.963; p =
0.000) that maintained a strong inverse relationship
(Figures 6, 7, 8). This points to the fact that students
who had a pronounced muscle component have more

water and less fat in the body. Similar results also refer
to the inverse correlation of the fat component with
the amount of water in the body (r = -0.944; p =
0.000).

Scatterplot: Body height vws. Body muscle (kg

Correlation: r =0 550,000

249

bz izl (ke )

54 1 1 1 1 1 1
170 175 1=0 125 100 195 200 s
Height (em) 0,95 C onf.Int.

Fig. 2. Correlation Body height (cm) vs. Body muscle (kg)

Scatterplot Body height w=. Bodwwoater 9%
Carrelation: r= -0.605; P-000
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o Ei=]

105

0,295 C onf.nt.

i=1=1 110

Weig bt (kg

Fig. 3. Correlation Body weight (kg) vs. Body water (%)
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huzcle (ki)

Fat(kg)
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Scatterplot Bodywezig bt v, Bodymuscle (kg)

Correlation: r= 0.543; -000
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Wreig bt kgl 0,95 C anf.int.

Fig. 4. Correlation Body weight (kg) vs. Body muscle (kg)

Scatterplot Body mass ws. Body fat(hkg)

Carrelation: r =07 gs; P-00o
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Fig. 5. Correlation Body weight (kg) vs. Body fat (kg)

Scatterplot: Bodyfat (%) w=. Bodvymuscle (9%
Correlation: r = -0 .85; P-000
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F at{%) (025 Conf.int

Fig. 6. Correlation Body fat (%) vs. Body muscle (%)
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Fig. 7. Correlation Body fat (%) vs. Body water (%)
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Fig. 8. Correlation Body muscle (%) vs. Body water (%)

Discussion

The aim of the study was to detect and
analyze the body composition of a group of 30 male
students of Faculty PES at the University of East
Sarajevo. The analysis assessed 19 body composition
parameters and determined ICC. The obtained results
confirm the positive numerical values of all
parameters of body composition. From the health
aspect, i.e. possible negative consequences for the
health of our sample, these are good results. The
values of body fat (13, 62%) and visceral fat (2.25)
are healthy norms so that their values were not
detected as risk factors for some diseases and a
negative factor in PA.
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According to Vehrs & Hager [38] most body
fat is deposited in fat cells (adipocytes) under the skin
(subcutaneous fat) and around organs (visceral fat).
Some fat (3-5% in men; 8-12% in women) is
necessary for normal bodily functions, such as fat
that is part of the nervous system or surrounding
visceral organs in women [39]. Body fat has three
important functions in the human body (serves as an
insulator to preserve body heat, is a source of fuel for
metabolic energy and as a basis for protection) but
excess increases the risk of cardiovascular disease,
type 2 diabetes, hypertension, hyperlipidemia,
metabolic syndrome, coronary artery disease,
intermittent claudication, stroke [40]

In the current study, significantly high ICC
of anthropometric and body composition parameters
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of students are evident. Body height is directly
related only to muscle mass, while body weight is
directly related to the amount of fat and muscle in the
body, and inversely related to the amount of water in
the body. And the measured impedance is related to
the size and shape of the body and the amount of
water in the body. Since a large part of skeletal
muscle is only water, the measured impedance is
used to estimate the total water content in the body
(%), which in turn can be used to estimate FFM.
Factors affecting the water content in FFM will affect
the accuracy of predicting body fat percentage (%
BF). The higher presence of fat in the body prevents
the presence of water, especially in muscles [38].
These changes are due to the positive effects of
student physical activity during studies and the
faculty curriculum which supports the findings of
some earlier studies [19, 21, 22].

The muscular component of our sample is
dominant with more than 82% participation (66kg)
which is a good result and an indicator of a
significant presence of student physical activity.
Increased calorie intake can be explained by the fact
that in this population a better metabolic product is
necessary, i.e. higher caloric consumption as a result
of consumption in physical activity, which is in line
with a study [41] that defines a negative correlation
between physical activity, energy expenditure, and
fat percentage in men. Men are more likely to engage
in team sports (football, basketball, volleyball,
handball) or in strength-related activities, e.g. body
building, fitness, martial arts, athletics involving
intense repetitive efforts, which are positively
correlated with fat loss [42]. It turns out that different
adaptations of the organism can be related to the type
of sport. Considering that they are students of
physical education and sports, these results are
therefore expected. The results of our sample of
students in terms of height, body weight and BMI are
higher average values than the Italian sample of
sports science students [33] for values of height
(182.40cm vs. 177.60cm), body weight (80.06kg vs.
75.60 kg), while the parameters of body composition
are lower (Body Fat 13.62% or 0.90kg vs. 17.3% or
13.3kg) and muscle components (65.74kg vs.
62.4kg). There are also significantly higher
anthropometric measures compared to Japanese
students [43] while body composition is slightly
lower in Japanese students (Body Fat 12,3% or
7.9kg, Body Muscle 55.4kg).

Authors  Lopez-Sanchez, Radziminski,
Skalska, et al. [36] analyze differences in body
composition, physical activity, and diet between
Polish and Spanish male sports science students. The
results show that Polish students have better values
of physical composition and physical activity, while
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Spanish students are defined by a healthier lifestyle.
To avoid future risks of diseases such as obesity or
diabetes, Polish physical education and sports
curricula should include more lessons that promote
an active and healthy lifestyle, while Spanish
curricula require more physical activity and sport.
Faculties of sports sciences should include more
active practical classes in which students could
improve their physical status and physical fitness
through physical exercise. Compared to Polish sports
students from Gdansk (180cm-78.80kg) our sample
defines higher values of anthropometric parameters,
body height and body weight, but also lower
numerical values of the fat component which is more
pronounced in Polish students (Body Fat 14,28%-
11.69kg). The percentage of water content is almost
identical with a slight increase in the field sample
(62,67% vs. 61.54%). The muscle component
recorded a higher value of Polish students (67.11 kg-
85.71%) compared to our sample (65.74 kg-82.40%)
but also an average lower BMR (1995.03 vs.
2045.07). Our sample of students compared to
Spanish sports students from Murcia is primarily
defined by bigger height (182.40cm vs. 178cm) and
body weight (80.06kg vs. 75.31kg). They also have
less isolated adipose tissue in the body compared to
the Spanish (Body fat 13,62%-10.90kg vs. 14.73%-
11.41kg). The water content in the body is slightly
higher in the Spanish sample (62,82%) compared to
students in East Sarajevo (61,54%). When it comes
to the muscle component, it is more dominant in the
sample of our students compared to the Spanish
(65,74kg -82.40% vs. 63.92kg 85.26%) who also
recorded a lower BMR (1895.60).

The lower fat content by 2 kg (2%) in
physically active students compared to less active
students is confirmed by the research of [22].
Adipose tissue participates from 15-17% while the
muscle component occupies 44 kg of total body
weight with 45% water. The results confirm that the
level of physical activity is not related to body height,
body weight and absolute amounts of other studied
components of body composition. Compared to the
previous research, our sample defines a lower fat
content (by about 3%), a more dominant muscle
component by almost 20kg and more water by 21%.
The results of this study do not support the results of
previous research, but are consistent with the results
of [30] supporting the thesis on the impact of
physical activity through the practical teaching of
sports faculties on lower fats in the body of
individuals. The results of the current study are in
line with the conclusions of the research [31] which
imply the negative impact of adipose tissue on the
manifestations of motor skills from space speed,
strength and aerobic endurance.
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It can be assumed that the physical
adaptation of students in East Sarajevo is a positive
response to the programmed physical activity that is
associated with increasing muscle mass, reducing
body fat and vice versa. Physical adaptation in
response to a large amount of weekly physical
activity through practical lectures and exercises can
be correlated with a reduced percentage of fat and an
increase in muscle mass and at the same time with
the general health of the student sample.

Conclusions

The obtained results of the study defined the
appropriate body composition of students of PES
(Fat-13,62%;  Muscle-82.49%;  Water-61.54%;
Visceral Fat-2.25; BMR = 2045.07kCal; DCI =
8436.56 kCal ...) which is a consequence of their
adequate PA and well-designed curricula at the home
faculty. Good body composition of individuals is a
prerequisite for good realization of both motor and
functional abilities. The ICC results confirmed a
highly inverse and statistically significant
relationship between the amounts of fat in the body
on the one hand and muscle mass and water content

on the other. Students who had more muscle mass
and more water also had less fat in their bodies.
Compared to students from other countries, our
sample of students in terms of anthropometric
parameters (height, mass) is superior. In terms of
body composition, students of PES in East Sarajevo
had a higher muscle component and lower values of
fat component, than students from other countries,
which is a consequence of their somatotype, way of
studying, curricular and extracurricular physical
activities. The physical status defined in this way will
enable more adequate performance of certain aerobic
and anaerobic activities of students. As a
recommendation for future research would go in the
direction of involving significantly more students,
e.g. all four years of study.
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Abstract

Purpose: The purpose of the work is to conduct a comparative analysis of the functional state of students with
different types of posture.

Material and methods. The study surveyed 222 students (108 boys and 114 girls). The analysis of the obtained
data indicates that only 19.4% of boys and 12.3% of girls have a normal posture.

Results. Among students with postural disorders, scoliotic (asymmetric) posture is most common (34.3% of boys
and 43.8% of girls), less with stooped (22.2% and 23.7%, respectively), less common with round posture (24.1%
and 20.2%). Female students have a lower level of biogeometric posture than boys. The functional state of the
level of aerobic productivity, girls, regardless of posture, is higher than boys. Among boys, the level of aerobic
performance was not rated higher than "below average", and among girls below "excellent" or "good". According
to the standards for assessing the functional readiness of people of different ages in Podilsk region, the "average"
level of aerobic productivity of women 20-22 years is much higher than established by GL Apanasenko "safe level
of health", and the value of 38 ml min"tkg*corresponds only "average" level, regardless of posture. It was found
that in students with a low level of biogeometric posture profile, the level of aerobic productivity, regardless of
gender, is lower than in people with normal posture. Thus, the relationship between the level of biogeometric
profile and the level of aerobic productivity, regardless of the type of posture.

Conclusions. The functional state of the level of aerobic productivity, girls, regardless of posture, is higher than
boys. Among boys, the level of aerobic performance was not rated higher than "below average", and among girls
below "excellent" or "good".

Key words: physical performance, posture disorders, biogeometric profile, assessment standards
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AHoOTALA
lopogeubKka 0.0., Kyy, 5.0. PyHKLiOHAaNbHUIA CTaH CTYAEHTIB 3 PiSHUMM TUMNAaMKU NOCTaBMU.
Merta po6oTu: npoBecTV NOPIBHANBHWIA aHaNi3 GYHKLiOHANBHOrO CTaHy CTYAEHTIB 3 Pi3HUMM TMMAMM NOCTaBMU.
Martepian i meToam. B xoaj gocnigrkeHHs obctexkeHo 222 ctyaeHTy (108 toHakis Ta 114 gisyaT). s BU3HaYEHHA
GYHKUiOHaNIbHOTO CTaHy BUKOPMCTOBYBA/IM METOZ BMKOMiOBAaHHA 3 MeAMYHUX KapT, BesoepromeTpito, s
BM3HAYEHHS TUNY MOCTaBM BUKOPWUCTOBYBANM YAOCKOHA/ZIEHY KAPTYy EKCMpec-KOHTPOJto HioreomeTpuyHOro
npodinto noctasm. O6paxyHOK NPOBOAUAM 32 AONOMOrOt0 t-KpuTepito CTbioAeHTa.
Pe3synbtatu. AHanis OTpMMaHUX AaHUX BKalye Ha Te, wo snavwe 19,4 % toHakis Ta 12,3 % pisyat matoTb
HOopmanbHy noctasy. Cepepn CTyAEHTIB 3 NOPYLWEHHAM MOCTaBW, Hanbinblue 3ycTpiYaeTbCcA 3i CKONIOTUYHOMO
(acumeTpunyHoto) nocrasoto (34,3% toHakiB Ta 43,8% aisuat), MeHwe i3 cytynot (22,2% i 23,7% BianosigHo),
piawe i3 Kpyrnoto noctasoto (24,1% Ta 20,2%). Y cTyaeHTOK-4iBYaT piBeHb CTaHy BioreomeTpuyHoro npodinto
NOCTaBU HUNKUMI, HiXK Y CTYAEHTIB-tOHaKiB. PYHKLIIOHANbHUI CTaH 3a piBHEM aepobHOI NPOAYKTMBHOCTI, AiBYaT,
He3a/IeXKHOo Bif TUMY NOCTaBW, BULMIA, HixK y toHaKiB. Cepep, toHaKiB piBeHb aepobHOT NPOAYKTUBHOCTI Y })KOAHOTO
He OyB OLHEHWI BULLE HiXK «HWXKYE MOCEPEeAHbOro», a Cepes, AiBY4aT HUXKYE «BigMIHHO» 4M «pob6pey.
BianoBigHO A0 cTaHAapTiB OLiHKM GYHKLUiOHaNAbHOI NiAroToBAeHOCTI ocib pisHoro BiKy MoAinbcbKoro perioHy
«cepepgHin» piBeHb aepobHOI NPOAYKTMBHOCTI KiHOK 20-22 pokKis nepebyBae 3Ha4HO BULLE Bif, YCTAaHOBAEHOTO
I. /1. AnaHaceHKom «6e3ne4Horo piBHA 340p0B’A», a BesndmHa 38 mn-xe-1-kr ! Bignosigae nuwe «cepegHbLoMy»
PiBHIO, HE3A/IEXKHO Bif CTaHy NOCTaBW. BCTaHOBNEHO, WO Y CTYAEHTIB i3 HU3bKMM piBHemM HioreomeTpuyHOro
npodinto NocTaBu, piBeHb aepobHOT NPOAYKTUBHOCTI, HE3A/IEXKHO Bif, CTaTi, HUXKYUIA, HiXK Yy 0Cib 3 HOpMasibHOO
nocTaBoto. TakKMM YMHOM, BCTAHOBNEHO B3aEMO3B'A30K MiX piBHem 6ioreomeTpuyHoro npodinto Ta piBHem
aepobHOT NPOAYKTUBHOCTI, HE3A/IEXKHO Big, TMNY NOCTaBM.
BucHoBKKU. PyHKLUiOHaNbHMIA CTaH 3a piBHEM aepobHOI NPOAYKTMBHOCTI, AiBYaT, HE3a/IEXKHO Bif TMMY MNOCTaBK,
BULMI, HiXK Y IOHaKiB. Cepep, lOHaKiB piBeHb aepobHOI NPOAYKTUBHOCTI Yy KOA4HOIO He OyB OLHEHUI BULLLE HiX
CHUXKYEe NocepeaHbOro», a cepes AiBYaT HMXKYE «BigMIHHO» M «aobpe».
KniouoBi cnosa: ¢isnyHa npauesaaTtHicTb, NOpyLIEHHS NocTaBK, bioreomeTpuUuHMin Npodinb, CTaHAAPTM OLHKM

AHHOTALIUSA
lopogeukas A.A., Kyy, b.A. DyHKUMOHaNbHOE COCTOAAHUE CTYAEHTOB C Pa3/IMYHbIMU TUNMAMM OCAHKMU.
Lilenb paboTbl - NPOBECTU CPABHUTENbHbIM aHAaNM3 PYHKLMOHANBHOIO COCTOSIHUA CTYAEHTOB C PA3/INYHbIMU
TMNaMK OCaHKMW. [1nA pelweHMa NOCTaBAEHHbIX 33434 OblIM NPUMEHEHbI CleaylolmMe MEeToAbl UCCen0BaHUA:
aHaNN3 Hay4YHO-MEeTOAMYECKOM NINTEPATYPbl, METOZ, BbIKONMPOBKU U3 MeULIMHCKUX KapT, BEI03PromeTpusa, ana
onpefeneHna  TMMA  OCAaHKM  WUCMOMb30BaZM  YCOBEPLUEHCTBOBAHHYK  KapTy  3KCMPECC-KOHTPOAA
61MoreoMeTpmUYHOro NPodUaA OCaAHKMN.
Martepuan u metoapl. B xoze uccnenosaHus obcnegosaHo 222 ctyaeHTa (108 woHowel n 114 gesywek). Ann
onpeaeneHna GYHKUMOHANBHOTO COCTOAHUA WCMOAb30BaANM METOZL BbIKOMMBKU W3 MEOULMHCKUX KapT,
BesoapromeTpua. s onpegeneHva TUNa OCaHKM UCMOJ/Ib30Ba/iM YCOBEPLUEHCTBOBAHHYO KapTy 3Kcnpecc-
KOHTpPONS BUoreomeTpuyYeckoro Nnpoduaa ocaHkU. PacyeT Npoms3BoaANAM C NOMOLLbIO t-KpuTepus CTblogeHTa.
Pe3ynbTaTbl. AHaNM3 NOAYYEHHbIX A4AHHbIX YKa3bliBaeT Ha TO, YTO Anwb 19,4% toHowel n 12,3% aesyLlwek umetot
HOPMaNbHYI0 OCaHKy. Cpeau CTY4EeHTOB C HapylleHMeM OCaHKW, 4allle BCero BCTPeYaeTcss CKOMOTUYECKas
(acMmmeTpuuHan) ocaHka (34,3% toHowel M 43,8% peByweK), meHbwe c cytynaa (22,2% wn 23,7%
COOTBETCTBEHHO), pexe Kpyrnaa cnuHa (24 , 1% wn 20,2%). B cTyaeHTOB-AEBYLWEK YPOBEHb COCTOAHMA
61OoreoMeTpMyYHOro NPodPUAA OCAHKU HUXKE, YeM Y CTyAEeHTOB-toHOWwel. DPYHKUMOHA/NbHOE COCTOAHWE MO
YPOBHIO a3pobHOM NPOAYKTUBHOCTU, AEBYLIEK, HE3AaBUCMMO OT TUMa OCAHKW, Bbllle, Yem Yy toHowel. Cpean
tOHOLWEN ypoBeHb a3pobHOM NPOU3BOAMUTENBHOCTU HU Y OAHOMO He Bbll OLUEHEH Bbille «HUXKE CpeaHero», a
cpeau [OeBYWEK HUMXKe «OT/IMYHO» MAM  «xopowo». CornacHo CcTaHAapTam oOueHKM OYHKUMOHAAbHOM
noAroToBAEHHOCTU NINL, BCEX BO3PACTOB [104,0/1bCKOIO PErMOHA «CpeaHUin» ypoBeHb a3pobHOM NPOAYKTUBHOCTM
KEHWMH 20-22 NeT HaxoaUTCA 3HAYMTENIbHO Bblle ycTaHoBneHHoro I J1. AnaHaceHKo «6e3onacHOro ypoBHs
310p0OBbA», a BenuunHa 38 ma-muH L 1 CoOTBETCTBYET TOMBLKO «CpeaHemy» YPOBHIO, HE3aBUCUMO OT
COCTOSIHUA OCAHKW. YCTAHOBJIEHO, YTO Y CTYAEHTOB C HU3KMM YpOBHEM BMOreomeTpmuyeckoro npoduaa ocaHkm
YpPOBeHb a3pobHOI NPOAYKTUBHOCTM, HE3AaBMCUMO OT MOAA, HUXKE, YEM Y JIUL, C HOPMAZIbHOW OCaHKOW. TakKUM
06pa3om, yCTaHOB/NIEHA B3aMMOCBA3b MEXIY YPOBHEM BUOreoMeTpuyeckoro npodunsa U yposHem aspobHom
NPOU3BOAMUTENBHOCTU HE3AaBUCUMO OT TUMA OCAHKM.
BbiBoAbl. PYHKLMOHANbHOE COCTOSIHME MO YPOBHIO a3PO6HON NPOAYKTUBHOCTU, AEBYLUEK, HE3aBMCMMO OT TUMa
OCaHKM, Bblle, YeM Y toHoLWeN. Cpeayn OHOLWEN YPOBEHb a3pO6HOWM NPOU3BOAUTENBHOCTU HU Y OAHOTO He 6bin
OLeHEH Bbllle «HUXKEe CPeHero», a Cpean AeBYLIEK HUXKE K OT/IMYHO» UAN «XOPOLLIOY.
Kniouesble cnoBa: ¢usmMyeckas paboTocnocobHOCTb, HapylleHMe OCaHKW, buoreomeTpuyeckuin npodusb,
CTaHAAPTbl OLEHKM

=Kl
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Introduction

Much attention has recently been paid to the
student health. Health depends of many factors and
is determined by a set of interrelated features:
primarily physical performance, functional status of
organs and systems of the body, physical
development, physical fitness of students. An
integral indicator of health is considered to be a
functional state, which is defined as the level of the
resistance of the organism to the action of adverse
environmental factors and is determined by physical
performance [1-3].

Physical and functional fitness is considered
as a result of physical training, which is achieved in
the process of mastering motor skills and improving
physical qualities while increasing the level of
activity of the main functional systems of the body.
Moreover, functional fitness is the basic basis for
improving physical qualities, the manifestation of
which determines physical fitness.

Posture is one of the factors that negatively
affect the functional capabilities of the body, and also
contributes to the emergence of some chronic
disecases [4]. The high prevalence of postural
disorders among students is due to many factors,
including the complexity of work organization, low
motivation of young people to engage in physical
education and the lack of optimal methods of
physical education in higher education.

It should be noted that the manifestation of
certain physical qualities of persons with posture
defects depends on the type of posture disorder. Thus,
a decrease in general strength qualities is observed
most often in young people with asymmetrical
posture, and a decrease in flexibility - in people with
postural disorders in the sagittal plane with a
decrease and increase in curvature of the spine [5].

It has been established that posture disorders
affect the activity of the cardiovascular and
respiratory systems. Thus, according to some
authors, people with postural disorders have
significantly reduced Robinson and Rufier indices,
which is confirmed by violations of regulation and
insufficient level of adaptive reserves of the
cardiovascular system [6]. Students with postural
impairment after dosed exercise have significantly
higher heart rate and blood pressure, and the recovery
time is longer compared to students with normal
posture.

Postural  disorders are a common
musculoskeletal disorder among young people.
Middle and high school students have more postural
disorders than preschool children. There is a lack of
consensus among scholars on the prevalence and
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type of postural disorders in students. However, there
is evidence that the prevalence of postural disorders
among students ranges from 60 to 80%

According to scientific literature sources,
posture disorders are accompanied by a decrease in
physical and functional fitness of the body. In
children, adolescents and students found posture
disorders have a negative impact on the development
and improvement of physical qualities: strength,
endurance, flexibility, static-strength endurance of
the muscles of the back and legs. However, in
students, posture disorders are often combined with
decreased activity of the cardiovascular and
respiratory systems. There are data that indicate a
negative impact of posture disorders on energy
supply and physical performance.

The relevance of the study is due to the
increase in the number of students with postural
disorders and persons classified by health status to a
special medical group, which is also due to the lack
of optimal methods of training [7-9].

Purpose: The purpose of the work is to
conduct a comparative analysis of the functional state
of students with different types of posture.

Material and methods
Participants

The study involved 222 students (108 boys
and 114 girls) 2-4 years of study of Vinnytsia
Institute of University 'Ukraine'. All students
attended the main medical group and did not play
sports.

All participants were aware of the objectives
of the study and agreed to participate.

Procedure

For the determination of the posture type
used the improved map of rapid control of the
biogeometric profile of posture [10].

Initially, the presence of postural disordersin
the frontal and sagittal planes was determined in all
subjects. Students were divided into groups with and
without violation of posture. They studied the level
of functional performance. In addition, the level of
functional performance of people with posture
disorders was determined depending on the plane in
which the posture disorder was detected.

The functional state was studied in terms of
physical performance (PWCiz), maximum oxygen
consumption (VOzmax). For this purpose, the methods
of bicycle ergometry, and heart rate monitor were
used. The maximum measure of oxygen
consumption (VO: max) was determined by the
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Karpman method. Investigated person performed Statistical processing was performed

two loads on bicycle ergometer by 5 min. The
frequency of pedaling was 60 rpm? with 3 min
interval of rest. Power of the first load was 1 W on 1
kg of body weight. Power of the second load was 2
W on 1 kg of body weight. The heart rate was
registered at the end of each load. The value of VO,
max Was calculated. The value of VO, max is calculated
in ml'min’t [11-13]

Indicators of aerobic productivity of the
organism were evaluated by the relative value of
maximum oxygen consumption using the criteria of
J. Piarnat [11] and standards of aerobic productivity
students'of aged 20-22 years old in Podilsk
region[11-14] . The relative health of students was
also assessed by the relative value of VOgzmax. Thus,
‘safe level of health’ for men is characterized by the
relative value of maximum oxygen consumption and
is not less than 42 ml minkg?), and for women - 35
ml min-tkg?).

The work was performed in accordance with
generally accepted bioethical norms in compliance
with the relevant principles of Declaration of
Helsinki, Council of Europe Convention on Human
Rights and Biomedicine and the relevant laws of
Ukraine on experimental and clinical research.

Statistical analysis
Systematization of the material and primary

mathematical processing were performed using a
spreadsheet Microsoft ® Excel 2010.

applying Student’s t-criterion. It was defined as an
average mean (X ), Student’s t-criterion (t), standard
error of the mean (+m), number of degrees of
freedom (f), significance value (p). The difference
was considered significant at p < 0,05[10]

Results

Copying data from medical records of
students, photography with the participation of a
doctor - vertebral neurologist allowed to
establish that only about 19.4% of men and
12.3% of female students have a normal
posture(Table 1). Thus, among students the
types of posture disorders were distributed as
follows: scoliotic posture in 34.3%, stooped
back in 22.2%, round in 24.1%. In female
students, scoliotic posture was observed in
43.8%, stooped back in 23.7%, round in 20.2%.

Analyzing the data obtained to determine
the state of the biogeometric profile of students’
posture, it was found that 61.9% of students with
normal posture have an average level of
biogeometric profile of posture and only 38.1%
high. The average biogeometric profile of
female students was 9.5% more common than
that of male students. No students with a low
level of biogeometric profile were found among
students with normal posture.

Table 1
Distribution of students by levels of biogeometric posture profile,
% (n = 222)
Levels of biogeometric posture
Posture type Sex profile condition, %
Average High
Boys 61.9 38.1
Normal posture n=21
Girls
n=14 71.4 28.6
Boys
=37 48,6 51.4 0
Scoliotic posture Girls
=50 52,0 48.0 0
Boys
25,0 75.0 0
n=21
Stooped back Girls
n=27 33,3 66.7 0
Boys
26,9 73.1 0
n=21
Round back Girls
=23 30,4 69.6 0
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As a result of the study, we found that
students with normal posture have a high level of
biogeometric profile is 9.5% more common than
female students. Male students with scoliotic posture
have a low level of biogeometric profile is 4.6% more
often than female students. Low-level biogeometric
profile is more common in female students with a
round and stooped back, 3.5% and 8.3%,
respectively, than in female students. Students with a
normal posture did not have individuals with a low
level of biogeometric posture profile, and students
with scoliotic, round and stooped backs did not show
individuals with a high level of biogeometric profile.

Comparative analysis of the data showed that
the state of the biogeometric profile of the posture of
female students is lower in comparison to boys.
According to the results of the study, scoliotic

posture is the most common posture disorder
regardless of gender.

The study of physical performance and
maximum oxygen consumption of students
convincingly showed that there are probable
differences in aerobic productivity of the body in
absolute and relative values of such indicators as
PWCi70 and VOzmax in students with different types
of posture. Evaluating the aerobic productivity of the
body by the relative value of VO2max, in students with
different types of posture, using the criteria of Ya.
Piarnat (1983) we found gender differences in the
distribution of the surveyed by the level of aerobic
productivity (Table 2-3).

The level of aerobic productivity of female
students was much better than the same for young
men, regardless of the presence or absence of posture
disorders.

Table 2
Aerobic productivity of boys with different types of posture (n=108)
Normal posture HeEHNE] eleelieiss Significance of
Measures n=21 =87 differences
X+ m X+ m p t
PWCi70, kgm min 949.65+17.70 791.72412.01 <0.001 -7.39
PWCio, kgm min™ kg™ 13.56£0.18 10.560.17 <0.001 -12.50
VO2max, Ml min 2854.4+30.08 2585.48+20.41 <0.001 -7.39
VOzmax., ml min™ kg™ 40.8710.41 34.490.52 <0.001 -12.50
Note: *** -significance level p <0.001
Table 3

Aerobic productivity of girls with different types of posture (n=114)

Normal posture Postural disorders significance of

Measures n=14 n=100 differences
X+ m X+ m p t
PWCi70, kgm min! 697.55+21.72 644.87+11.23 <0.05 -2.15
PWCi70, kgm mint kg? 12.41+0.26 10.58+0.09 <0.01 -6.78
VO2max, Ml mint 2425.97+36.92 2336.2+19.09 <0.05 -2.15
VO2max., ml mint kg! 43.33+0.84 38.52+0.30 <0.01 -6.78

Note: * -significance level p <0.05; ** -significance level p <0.01

In boys with impaired posture (scoliotic
posture, stooped and round back), the absolute value
of PWCiz was significantly lower by 16.63% (P
<0.01) than in students with normal posture. In terms
of relative indicators PWCir, this difference was
22.12% (P <0.01). The absolute and relative VOzmax
values in young men with postural disorders were
also lower than in their yearling with normal posture,
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respectively, by 9.42% (P <0.01) and 15.61% (P
<0.01).

Therefore, significant differences in the
aerobic performance of the body in terms of absolute
and relative values of indicators such as PWCi7 and
VO2max OF students with different types of posture.

The results of the study of physical
performance and maximum oxygen consumption of
students.
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In girls who had postural disorders, the
absolute value of PWCi7 turned out to be
significantly less than in girls with normal posture by
7.55% (P <0.05), and the relative value by 15.55% (P
<0.01). The absolute value of the VO2amax indicator

was recorded among students with postural disorders
less than among students without posture disorders,
by 3.7% (P <0.05). At the same time, the relative
value of VOzmax differed more - by 11.15% (P <0.01).

Estimation of aerobic performance of students with different types of posture (n = 222)

Table 4

Standards of aerobic Exception is
VO2max., productivity s e\?aluation
Posture type Sex ml-min-tkg?, students'of aged 20- o .
= . criteria of Piarnat
X+tm 22 years old in 2P
Podilsk region h
Boys Average Below average
+
Normal n=21 40.87x0.41 43.00 - 38.60 35-42
posture, Girls Good Excellent
+
n=14 43,3310,84 42.10-44,20 >36
Boys 34.31+0.51 Low Low
L n=37 36.20-31.80 <35
Scoliotic
posture Girls 40.72+0.40 Average
n=50 42.00-37.60 Excellent >36
Boys Low Low
4.42+0.52
Stooped n=21 3 0-5 36.2-31.8 <35
posture, Girls 39.12+0.30 Average Excellent
n=27 42.0—37.6 >36
Boys Low Low
+
Rbc;‘irlld n=21 34.49£0.52 36.20-31.80 <35
’ Girls 40.43+0.30 Average Excellent 36
n=23 42.00 -37.60

As noted by the authors Furman, Yu.,
Miroshnichenko V, Brezdeniuk O [16]. There are no
generally accepted criteria for assessing human
aerobic capacity. The data by different authors
published are somewhat different. The most
commonly used evaluation criteria are Piarnat la.P.
[11]. They cover a wide age range (from 10 to 50
years), but do not take into account the peculiarities
of the region

Therefore, to assess the aerobic capacity of
young people with and without postural disorders
used "Standards of functional fitness of young people
20-22 years of the Podilsk region," because they are
based on modern data, take into account the features.

The data obtained by us confirmed the data
that the "average" level of aerobic productivity of
women aged 20-22 (see Table 1) is much higher than
the "safe level of health” established by GL
Apanasenko. According to JP Pernat[11], the
"excellent™ level of aerobic productivity corresponds
to values> 38 ml min? kg [13-18]. According to
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Furman Yu, Brezdenyuk O, Miroshnichenko V
(2021). Standards for assessing the functional
readiness of persons of different ages., Given in
table. 1, the value of 38 ml mintkg corresponds only
to the "average" level

According to scientists of the Podilsk region,
the level of aerobic productivity in young people with
a normal posture corresponds to the «average», and
according to the criteria of the spot «below the
average». The girls are respectively above «averagy»
and «excellent.

Students with a normal posture - the majority
(72.97%) had a level of aerobic performance «below
average», and the rest (27.03%) «average». Among
the students of this group, none with «good» and
«excellenty, as well as «low» levels of aerobic
performance. Students with postural and «excellent»
levels of aerobic performance were also not found in
students with postural disorders (scoliotic, stooped,
round back).
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Table 5

The ratio of the number of students (%) with different levels of aerobic performance
(n=222)

Quantity of people with different LAP

Contingent of students

Low Below average

Average Good Excellent

Normal posture,
n=21

- 72.97

27.03 - -

Scoliotic posture,

n=37 48.61

32.43

18.96 - -

Boys
Stooped posture,

n=24 45.83

33.33

20.84 - -

Round back,

n=26 57.70

26.92

15.38 - -

Normal posture,
n=14

- 3.85 96.15

Scoliotic posture,
n=50

- 16.00 84.00

Girls Stooped posture,

n=27

- 18.52 87.48

Round posture,
n=23

- 78.26 21.74

It should be noted that most of the young
students with a «low» level of aerobic productivity
were found people with round (57.70%), scoliotic
(48.61%), stooped (45.83%) back. The least among
students with «average» level of aerobic productivity
were found people with round back (15.38%),
scoliotic (18.96%), and stooped back (20.84%).

Among the surveyed girls with normal
posture, the majority (96.15%) had an «excellent»
level of aerobic performance and only 3.85%
«good». Among female students with a stooped back,
the most identified (87.48%) were people with an
«excellent» level of aerobic performance, with a
scoliotic posture - 84.00%, with round one - 21.74%.
Girls with round back - 78.26% of people had a
«good» level of aerobic performance.

It should be noted that among the students
there were no people with «average», «below
average» and «low» levels of aerobic performance,
regardless of posture.

Discussion

Posture disorders among students are a fairly
common spinal defect that is more common in girls
than in boys, due not only to the lower presence of a
muscular component in the body weight of girls

27

compared to boys, but also in our opinion insufficient
motivation to exercise.

The study of physical performance and
maximum oxygen consumption of young men
convincingly showed that there are probable
differences in aerobic productivity of the body in
absolute and relative values of such indicators as
PWCi7, and VOamax in persons with and without
postural disorders.

Despite the fact that the average value of the
absolute VOzmax in boys with posture disorders
significantly exceeds the average value of this
indicator in girls, the average values of the relative
VO:zmax in males and females are almost the same (P
<0.05). This phenomenon is explained by a
significant difference in body weight in boys and
girls, which in students was much smaller.

Evaluating the aerobic productivity of the
body by the relative value of VOamax, in students with
and without impaired posture, using the criteria of
Ya.P. Pjrnata and Standards for assessing the
functional readiness of persons of different ages by
Furman Yu, we found gender differences in the
distribution of the surveyed by the level of aerobic
productivity.

Such differences in the level of aerobic
productivity of the body relative to the "critical level
of health" according to GL Apanasenko in girls and
boys coincide with the results of a study by a number
of scientists Yu.M. Furman, V.M. Miroshnichenko,
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SP Drachuk[18-20].. This suggests that boys should Conclusions

pay more attention to improving the aerobic
productivity of the body than girls using the means
of physical education.

The study found that the type of posture, in
particular posture disorders, determines the
functionality of student youth. Students with a low
level of biogeometric profile, regardless of gender,
had a lower level of aerobic performance than those
with a normal posture. Thus, a correlation was
established between the level of biogeometric profile
and the level of aerobic productivity regardless of the
type of posture.

According to research, the level of aerobic
productivity in students was lower than the ‘safe
level of health’. In girls, regardless of the presence of
postural disorders, the level of aerobic productivity
of the body corresponded to «high».

As a result of the research, it was established
that the type of posture, in particular posture
disorders, determines the functional capabilities of
student youth. Students with a low level of
biogeometric profile, regardless of gender, had a
lower level of aerobic productivity than those with
normal posture. Thus, the correlation between the
level of biogeometric profile and the level of aerobic
productivity, regardless of the type of posture was
established.

1. Functional posture disorders are a fairly
common pathology that occurs in students and
adversely affects their functionality.

2. Posture disorders in students cause more
significant changes than in female students.

Assessing the level of aerobic productivity of
students with and without postural disorders, it was
found that the level of aerobic productivity in girls is
higher than in boys. Such differences in the level of
aerobic productivity of the body relative to the “safe
level of health" in girls and boys coincide with the
results of a study by a number of scientists. This
suggests that young men should pay more attention
to improving the aerobic productivity of the body
than girls using the means of physical education. It
should be noted that timely control and assessment of
preparedness allows you to rationally build the
learning process and determine its effectiveness.
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Abstract

Purpose: substantiation and development of the structure and content of theoretical training of kayakers and
canoeists at the stage of preliminary basic training and determining the effectiveness of classes using traditional and

author's (interactive) means of theoretical training of athletes.

Material and methods. In the second stage, an experiment was conducted to establish the effectiveness of
traditional and interactive means of theoretical training. The study involved trainers-teachers, a total of 82 people.
Among the respondents were 41 coaches of the highest category (21 of them - Honored Coach of Ukraine), 19 people
- coaches of the first category, 22 people - coaches of the second category. In the second stage, an experiment was
conducted to establish the effectiveness of traditional and interactive means of theoretical training. The experiment
involved kayakers and canoeists aged 13-16, who were engaged in the stage of preliminary basic training. The total
number of athletes was 42 people. Two experimental groups were formed, in the preparation of which different
methods and means of theoretical training were used. Comparison of data obtained during the survey of trainers-
teachers was tested for the normality of the distribution using the criterion of agreement x2 Pearson. To determine
the reliability of the differences between the indicators of the level of theoretical training of rowers before and after
the pedagogical experiment, the criterion of signs (Signtest) was used.

Results. Training sessions on the developed program with the use of author's interactive means of theoretical
training contributed to a significant (p <0.05) increase in the overall level of theoretical training of rowers at the
stage of preliminary basic training by 29.56%. At the same time, training sessions with the use of theoretical training
provided by the state curriculum were less effective and contributed to increasing the overall level of theoretical
training of young rowers by only 7.2% (p <0.05).

Conclusions. Theoretical training is an important component in the system of training kayakers and canoeists. The
use of interactive theoretical training tools using the game method (computer games) in the process of theoretical
training significantly increases its effectiveness, in contrast to classes that used only traditional tools and methods
(study of methodological literature, conversations, demonstration of posters, stands, educational films ). This
innovative approach makes the process of theoretical training much more effective by providing a higher level of
theoretical training of athletes.

Keywords: structure and content, interactive tools, game method
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AHoTaLA
BikTropia borycnaecbka, Bayecnas MipolHiueHKo, Cepriii [lpauyK, Bonogumup flkosnis, Tamapa YepHuLeHKo.
IHTepaKTMBHI 3ac06M ANA TeopeTUUHOI NiAroToBKM 6ailgapoyHUMKIB Ta KaHoicTiB 13-16 pokis.
Merta: 06r'pyHTYyBaHHA Ta po3pobKa CTPYKTYpU Ta 3MiCTy TEOPETUYHOI NiArOTOBKM BeCc/lyBasibHUKIB Ha BangapKax i
KaHOe Ha eTani nonepeaHboi 6a30BOi NiArOTOBKM Ta BU3HaAuyeHHA e(deKTUBHOCTI 3aHATb i3 3aCTOCYyBaHHAM
TPAAMLiNHUX Ta aBTOPCbKUX (iHTEPAKTUBHUX) 3aC06iB TEOPETUYHOT NiArOTOBKM CMOPTCMEHIB.
Marepian i metoan. Ha gpyromy etani 3 MeTOK BCTAHOBAEHHS epeKTUBHOCTI TPAAULIMHMX Ta iHTEPaKTUBHUX
3acobiB TeopeTUYHOI NiAroTOBKM MPOBEAEHO eKCNepuMMEeHT. B aJocnigyKeHHi B3sAM ydyacTb TpeHepu-BUKAadadi,
3arasibHoOMo KinbKicTio 82 ocobu. Cepea onutaHmnx byno 41 TpeHep BULLOI KaTeropii (3 HUX — 21 3ac/y>KeHuit TpeHep
YKpaiHu), 19 ocib — TpeHepun neploi KaTeropii, 22 ocobu — TpeHepu Apyroi Kateropii. Ha apyromy eTtani 3 metoto
BCTAaHOBNEHHS e(pEeKTUBHOCTI TpaaMUiMHMX Ta iHTEPaKTUMBHMX 3acobiB TeOpeTMYHOi NiAroTOBKM NPOBEAEHO
EeKCNEPUMEHT. Y eKCMepMMEHTI B3SiAM y4yacTb BECNyBa/JibHUKW Ha baliiapKax i KaHoe Bikom 13-16 pokiB, sKi
3alimannca Ha eTani nonepeAHboi 6a30B0i NiArOTOBKW. 3arasibHa Ki/lbKiCTb CNOPTCMEHIB cTaHOBWUAa 42 ocobu. byno
cbopMOBaHO ABi eKCNepUMEHTaNbHI rpynu, y MNiAroToBui AKMX 3aCTOCOBYBaN Pi3Hi MeToam i 3acobu TeopeTuyHoi
nigrotoskn. [MOPIBHAHHA AaHUX, OTPMMAHMX Nig 4Yac aHKeTyBaHHA TpeHepiB-BMKNA[adiB, nNepeBipeHO Ha
HOPMaJIbHICTb PO3N0AiNY 3a AONOMOro KpuTepito 3roam X2 MipcoHa. nA BUSHa4YeHHA JOCTOBIPHOCTI BigMIHHOCTEN
MiX MOKa3HMKaMM PiBHA TEOPEeTMYHOI NiArOTOBAEHOCTI BECNYBANbHUKIB 40 i NicnA nefaroriyHOro eKcnepumeHTy
BMKOPWUCTOBYBABCA KPUTEPIii 3HaKiB (Signtest).
Pe3ynbtatu. HaBYa/sbHO-TPEHYBA/IbHI 3aHATTA 33 PO3PO6JEHOK NPOrpPamord i3 3aCTOCYBAHHAM aBTOPCbKMX
iHTEPAKTUBHMX 33Cc06iB TEOPETUYHOI NIAFOTOBKKU CNpuann AocToBipHOMY (p<0,05) niaBULLEHHIO 3arasibHOrO PiBHA
TEOPEeTUYHOI NiAroToBAEHOCTI BeC/lyBaIbHUKIB Ha eTani nonepeaHboi 6a30Boi NiArotoBkM Ha 29,56 %. BoaHouvac
HaBYa/NIbHO-TPEHYBa/IbHi  3aHATTA i3 3aCTOCOBYBaHHAM 3acobiB TeopeTUYHOi MNiAroTOBKM, WO nepeabayeHi
JeprKaBHO HaBYa/IbHOK NPOrpamoto, BUABUIUCA MeHL ePEeKTUBHUMM Ta CNPUAAM NIABULLEHHIO 3arasibHOrO PiBHA
TEOPETUYHOI NiAroTOBNAEHOCTI FOHUX BEC/TYBa/IbHUKIB iwe Ha 7,2 % (p<0,05).
BUCHOBKU. TeOpeTMYHA NiAroTOBKA € Ba*K/IMBUM KOMMOHEHTOM Y CUCTEMI MiZrOTOBKM BEC/TYBa/IbHUKIB Ha bangapKax
i KaHoe. BMKOPWUCTaHHA iHTEPAKTMBHUX 3acobiB TeOpeTMYHOI MiArOoTOBKM i3 3aCTOCYBaHHAM irpoBOro MeToay
(komn’toTepHMX irop) y npoueci TEOpeTUYHOI NiAroTOBKM 3HAYHO NiaBULLYE Ti eeKTUBHICTb, Ha BiAMiHY Big 3aHATb
Ha AKUX 3aCTOCOBYBa/aM /uwe TpagauuUilHi 3acobu i meToau (BMBYEHHA MeTogM4YHOI niTepaTypu, beciam,
OEMOHCTpaL,ifa NiakaTie, CTEHAIB, HaBYaNbHUX iNbmiB). TaKM iIHHOBaLiMHKUI Niaxig pobuUTb NpoLec TeopeTUYHOI
NiArOTOBKM 3Ha4yHO edeKTUBHIlMM 3abe3nedytoun 6inbll BUCOKMIK pPiBEHb TEOPETUYHOI NiAroTOB/EHOCTI
CMOPTCMEHIB.
KnouoBi cnoBa: cTpyKTypa i 3micT, iHTepaKTMBHI 3acobu, irpoBuin metop,

AHHOTALIUA
Buktopua borycnaBckaa, BsuecnaB MwupowHuyeHko, Cepreit [pauyk, Bnagumup fAkosnes, Tamapa
YepHbiweHKo. MHTepaKTUBHbIE CPeAcTBa ANA TeopeTUYecKon NoaroToBkM 6aiiAapoyHUKOB U KaHouctoB 13-16
ner.
Lienb: o6ocHOBaHMe 1 pa3paboTKa CTPYKTYPbI U COAEpPKaHMA TEOPETUYECKOM NOArOTOBKM rpebLoB Ha baigapKax u
KaHO3 Ha 3Tane npeaBapuTesibHOM 6a30BOM NOAFOTOBKM M onpeaeneHns appeKTUBHOCTM 3aHATUI C NPUMEHEHMEM
TPaAMLMOHHbIX M aBTOPCKUX (MHTEPaAKTUBHbIX) CPEACTB TEOPETUYECKON NOATOTOBKMN CNOPTCMEHOB.
Marepuan n merogpl. Ha BTopom 3Tane AnAA ycTaHOB/AeHUA 3QPEKTUBHOCTU TPAAMUUMOHHBIX U UHTEPAKTMBHbIX
CpeacTB TeOPEeTUMYEeCKOM MNOATrOTOBKM MPOBEAEH 3KCMEPUMMEHT. B unccnegoBaHMM MPUHAAM y4acTUe TpeHepbl-
npenoaasatenu, obwmm Koanyectsom 82 yenoseKka. Cpeam onpolueHHbIX bbin 41 TpeHep BbicLen KaTteropun (13
HUX — 21 3acyKeHHbIM TpeHep YKpauHbl), 19 — TpeHepbl NepBoi KaTeropmuu, 22 — TpeHepbl BTOPOM KaTeropmu. Ha
BTOPOM 3Tane A/A ycTaHOoBAeHUA 3PPEKTUBHOCTM TPALULMOHHBIX U MHTEPAKTUBHbLIX CPeACcTB TEOPETUYECKOWM
NOArOTOBKW NPOBEAEH IKCNEPUMEHT. B 3KCnepMmeHTe NPUHAAN yyacTue rpebubl Ha 6alifapKax U KaHO3 B BO3pacTe
13-16 neT, KoTopble 3aHMMasNCb Ha 3Tane npeaBapuTenbHol 6as3oBoit noarotoBkU. Obuee KOAMYECTBO
CNOPTCMEHOB COCTaBWIO 42 yenoBeKa. bbinv chopmmnpoBaHbl ABE SKCMEPUMEHTA/IbHbIE TPYMMbl, B NMOATOTOBKE
KOTOPbIX MPUMEHANN pPa3/INYHble METOAbl U CPEeLCTBA TEOPETUYECKOWM NOAFOTOBKMU.
CpaBHeHWe AaHHbIX, NOJYYEHHbIX MPU aHKETUPOBaHMW TPEHepPOB-NpenoaaBaTenell, NPOBEPEHO Ha HOPMaJ/IbHOCTb
pacnpeaeneHuns ¢ MOMOLLbIO Kputepus cornacua x2 MupcoHa. [na onpeseneHns AOCTOBEPHOCTM OTANYUIN MeXay
MOKa3aTeNAMM YPOBHA TEOPETUYECKON MOArOTOBAEHHOCTM rpebLoB A0 M Nocne Neaarormyeckoro sKcnepMmeHTa
MCMNONb30BaCA KpUTepuit 3HakoB (Signtest).
Pe3ynbTtatbl. Y4ebHO-TPEHMPOBOYHbIE 3aHATUA MO pa3paboTaHHOM Mporpamme C MPUMEHEHMEM ABTOPCKUX
MHTEPAKTUBHbIX CPEACTB TEeOpeTMYecKon MOAroTOBKM crnocobcTBoBann poctosepHomy (p<0,05) nosbiweHUto
obLiero ypoBHs TeOpeTUYECKON NoaroToBAEHHOCTM rpebLLOB Ha 3Tane npeagapuTesibHol 6a3oBOl NOAFOTOBKM Ha
29,56%. B 1O e Bpema y4ebHO-TPEHMPOBOUYHbIE 3aHATUA C NPUMEHEHMEM CPEACTB TEOPETUYECKON NOAFOTOBKM,
npeaycMmoTpPeHHble rocy4apCcTBEHHOM yuebHOM NporpaMmon, okasanncb meHee apGeKTUBHbIMU U CNOCOOCTBOBANMU
MOBbILLEHMIO OOLLErO YPOBHSA TEOPETUYECKOW NOATOTOB/IEHHOCTU OHBIX IPebLoB ToNbKO Ha 7,2% (p<0,05).
BbiBoAbl. TeopeTuyeckana MOAFOTOBKAa ABAAETCA BaXHbIM KOMMOHEHTOM B CUCTEME MOAFOTOBKWU rpebuos Ha
6apapkax M KaHo3. Mcnonb3oBaHWE WHTEPAKTUBHbLIX CPEACTB TEOPETUYECKON MNOATOTOBKM C MPUMEHEHWEM
WrPOBOro MeToAa (KOMMNbIOTEPHbIX WUFP) B Mpouecce TeopeTUYeCKOM MOAFOTOBKM 3HAUMTE/IbHO MOBLIWAET ee
3bbEKTUBHOCTb, B OT/IMUME OT 3aHATUIN, Ha KOTOPbIX NPUMEHANN TONbKO TPaAMLUMOHHbIE CPeacTBa U MeToAbl
(M3yueHne meToamueckom nuTepaTtypbl, becesbl, LEMOHCTPALMA NIAKATOB, CTEHA0B, 0byyatowmx dmunbmos). Takow
WMHHOBALMOHHbIM NoAxo4 AeNnaeT NPoLecc TeopeTuyeckon noarotosku 6onee adpdekTnBHbIM, 06ecnednsan 6onee
BbICOKMI YPOBEHb TEOPETUYECKOW NOATOTOB/IEHHOCTU CNOPTCMEHOB.
KnioueBble cnoBa: CTPYKTypa U coaepKaHUe, UHTEPAKTUBHbIE CPeACTBA, UTPOBOM METOS,
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Introduction

Today, theoretical training is an integral part

of the system of training athletes at all stages of long-
term sports development [1, 2, 3].
The need to improve theoretical training is due to the
growing globalization and professionalization of
various groups of sports. This causes the need for
athletes to understand the essence of sports, its role
in influencing socio-economic and political relations
in society, which significantly increases motivation
for sports and inevitably leads to increased skills of
athletes [4].

However, only some issues of theoretical
training of athletes are considered in some works [5].
In addition, there are no disciplines in the curricula
of higher education institutions, the purpose of which
would be to create a future idea of the system of
knowledge of athletes of different qualifications [6,
7,8,9,10].

The substantiation of the general concept of
theoretical training in sports revealed by the literary
sources of MP Pitin (2015) did not provide for the
specification according to the groups of sports [2,
11].

We believe that the theoretical training in
kayaking and canoeing should be modern, in
accordance with the trends of the sport, to meet the
characteristics of the structure and content of training
and competitive activities.

Thus, we have identified a scientific and

applied problem of theoretical training in kayaking
and canoeing, determined by the contradictions
between:
» proven need for theoretical training and the lack of
relevant components in the software and regulations.
» general requirements for monitoring the level of
training of athletes and the lack of objective criteria
for theoretical training of rowers.

Hypothesis. We suggested that the use of
interactive theoretical training tools using the game
method will effectively affect the level of theoretical
training of kayakers and canoeists at the stage of
preliminary basic training.

The purpose of the work is to substantiate
and develop the structure and content of theoretical
training of kayakers and canoeists at the stage of
preliminary basic training and determine the
effectiveness of classes using traditional and author's
(interactive) means of theoretical training of athletes.

33

Material and methods

Participants

At the first stage, in order to determine
topical issues of theoretical training of athletes, a
survey of coaches was conducted. Coaches-teachers
took part in the survey. The total number of
respondents is 82 people. Among the respondents are
41 coaches of the highest category, including 21
honored coaches of Ukraine, 19 people - coaches of
the first category and 22 people - coaches of the
second category.

In the second stage, an experiment was
conducted to establish the effectiveness of traditional
and interactive means of theoretical training. It was
attended by kayakers and canoeists aged 13-16, who
were engaged in the stage of preliminary basic
training. The total number of athletes was 42 people.
They formed two groups. The first group consisted
of 20 people, and the second - 22 people. All
participants voluntarily agreed to participate in the
study.

Procedure (organization of research)

The analysis and generalization of data from
scientific and methodological literature and Internet
content was aimed at identifying problems and
contradictions related to the theoretical training in
kayaking and canoeing. The integration of the latest
scientific achievements into the system of training
athletes was clarified.

The analysis of documentary materials
(training programs for athletes) determined the
existing structure and content of theoretical training
in rowing and made it possible to determine the
extent to which theoretical training is provided at the
legislative level.

A sociological survey was conducted among
trainers to determine the priority of information
sources in providing athletes with information, the
feasibility of using various tools and methods of
theoretical training, the importance of sections and
topics of theoretical training, the effectiveness of
forms of training and control over the level of
theoretical training of athletes. basic training.

According to the results of the questionnaire,
an author's program for theoretical training of
kayakers and canoeists for the stage of preliminary
basic training with an improved structure and content
was created. Author's interactive means of theoretical
training have been developed. Namely, sixteen
computer games: "Quiz on the history of rowing as a
sport”, "Who is depicted in the photo?", "Sports
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terminology", "Major errors in rowing technique”,  boat", "Be careful on the water!", "When do injuries

"Features of physical training of rowers", "If tired -
rest "," Victory lies in the rules "," Medical control
and self-control ", The impact of exercise on the
athlete's body "," Do you want to be healthy - harden

"." Do you know how to eat? "," Friends with your

occur?”, "Rules of conduct during competitions",
"Assistance to the victim" (http://bohuslavska.com)

(Fig. 2) [12].

Fig. 1. Interactive means of theoretical training of kayakers and canoeists at the stage of preliminary basic training

The program was implemented in the
training process during the preparatory period of the
annual macrocycle (only 30 hours). At the stage of
preliminary basic training it lasts seven months (from
October to April).

At the stage of the observational experiment,
before the beginning of classes according to the
author's program, the level of theoretical readiness of
athletes was determined by testing.

At the stage of the formative experiment the
influence of the developed program and author's
interactive means on the level of theoretical readiness
of the same contingent of rowers was studied. For
this purpose, at the end of the stage, the final control
testing of the level of theoretical training of athletes
was carried out.

The program of theoretical training in a
pedagogical experiment consisted of eight sections.
Thus, the section "History of the sport™ includes three
topics: "Rowing at the Olympic Games",
"Performances of Ukrainian rowers at the Olympic
Games", "Outstanding athletes and coaches”. The
section "Humanitarian and socializing knowledge in
the training of athletes” is presented by the topic:

34

"Sports terminology”. According to the section
"Content of sports training" the most popular topics
were: "Formation of knowledge about the technique
of sport" and "Formation of knowledge about the
features of physical training of athletes.” The section
"General basics of training athletes" is presented on
the topic: "Fatigue and recovery". The section
"Competitive activity" is presented by the theme:
"Rules and refereeing of sports competitions". The
section "Medical and biological bases of sports
training" is presented by four topics: "Medical
control and self-control”, "Hygiene, hardening,
mode", "Influence of physical exercises on the
athlete's body", "Features of athletes' nutrition". The
section "Logistics" offers three topics for study:
"Sports equipment. Rules of storage and operation ",
Requirements for training venues and competitions
"and" Athlete's equipment ". The section "Safety
rules” is presented by four topics: "Rules of conduct
during training and competitions”, "First aid",
"Safety and emergency procedures” and "Injuries in
sports”. Causes and prevention "(Fig. 2).
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Fig. 2. Percentage of hours allocated for consideration of separate sections of theoretical training at the stage
of preliminary basic training (according to the results of the survey of trainers-teachers, n = 82):

1 — History of your sport

2 — Humanitarian and socializing knowledge in the training of athletes

3 — The content of sports training

4 — General basics of training athletes

5 — General activities

6 — Medical and biological bases of sports training
7 — Logistics

8 — Safety rules

For athletes of both experimental groups, the
content of theoretical classes was the same. The
difference between the groups was the use of tools
and methods. The first group used only those tools
and methods that are recommended by the state
curriculum (study of methodological literature,
conversations, demonstration of posters, stands,
educational films) [13]. While in the educational and
training process of the athletes of the second group,
the author's interactive tools were introduced, namely
sixteen computer games on the topics of the sections
of theoretical training.

The use of author's interactive tools took
place according to the following algorithm:

1) preliminary conversation (story) with athletes on
the topic of the lesson;

2) acquaintance of athletes with the content of the
game;

3) placement of each of the players on a separate PC
(laptop);

4) providing assistance (if necessary) to athletes
during the game;

5) determining the winner by a set of factors (speed
of solving the problem, the number of mistakes);
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6) analysis and discussion of the results of the game,
indicating the advantages and disadvantages of the
participants.

For both groups, the duration of the
theoretical training load was one academic hour per
week. The total duration of theoretical training was
30 weeks.

Statistical analysis:

The comparison of data obtained during the survey
of trainers-teachers was tested for the normality of
the distribution using the criterion of agreement x2
(chi-square) Pearson.

Determination of the level of theoretical training of
rowers was carried out in points (from 0 to 30).
Establishing the reliability of differences between
indicators of the level of theoretical readiness of
rowers before and after the pedagogical experiment
(1st and 2nd sections of testing) was implemented
using the criterion of signs (Signtest). This non-
parametric criterion was used because the results
obtained during the study are not subject to the law
of normal distribution. Statistica 13 was used to
process the results of the study.

Results.

Analysis of the state curriculum for kayaking
and canoeing [13] revealed some inconsistencies.
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Thus, with each subsequent year of training of rowers
there is a decrease in the load of theoretical training
(from 4.81% to 3.21%) relative to the total number
of hours devoted to the training process in the
macrocycle.

In addition, the curricula revealed
duplication of many topics of information material at
different stages of long-term improvement of
athletes.

In our opinion, this impoverishes the information
material and unilaterally forms the special
knowledge of rowers.

In order to solve the established problems,
the attitude of coaches-teachers to the topical issues
of theoretical training of athletes was clarified. For
this purpose, a survey of specialists (n = 82) was
conducted through questionnaires.

According to the results of the questionnaire,

it was established which topics coaches-teachers
recommend to include in the program material for
training athletes at each stage of long-term
improvement. The verification of the answers to the
guestionnaires on the normality of the distribution
using the Pearson consistency criterion found that the
level of reliability from p = 0.027 (p <0.05) to p =
6.61 - 10-25 (p <0.05).
According to the trainers, at the stage of preliminary
basic training it is unanimous to give priority in the
application of the game method of theoretical
training (96.34%). The level of reliability of the
obtained data on the normality of the distribution
using the Pearson consistency criterion ranges from
p=0.13 (p <0.05) to p = 1.18 - 10-29 (p <0.05).

The generalization of the results of the
answers of trainers-teachers regarding the
expediency of using various means of theoretical
training at the stage of preliminary basic training

showed the need to use technical teaching aids
(81.71%). The established level of reliability of the
study results is in the range from p = 0.019 (p <0.05)
top=2.32-10-29 (p <0.05).

The survey provided an opportunity to
identify the topics of theoretical training of kayakers
and canoeists who train at the stage of preliminary
basic training, to fill in the content of each topic, to
develop and implement a program of formative
experiment.

As a result of the conducted pedagogical
experiment the insufficient efficiency of assimilation
of information by rowers on all sections of theoretical
preparation where only the means recommended by
the state educational program were applied is
established. Although a tendency to its growth has
been established, which has contributed to a
statistically significant increase in the general level
of theoretical training. Thus, at the beginning of the
study, the average assessment of the level of
knowledge of athletes was 8.7 = 0.61 points, at the
end - 10.85 + 0.61 points (maximum number of
points - 30). At the same time, in percentage terms,
this indicator improved by 7.2% (p <0.05).

In contrast, classes in which, in addition to
the curriculum provided, interactive theoretical
training tools were used using game and competitive
methods, contributed to a likely increase in the
average assessment of the level of theoretical training
of athletes in each section of the program. This is
evidenced by a much higher degree of growth of
average scores from 9.27 + 0.51 points at the
beginning of the experiment and up to 18.14 + 0.8
points (maximum number of points - 30) in the final
testing. This percentage difference is equal to
29.56% (p <0.05) (Table 1).

Table 1

The level of education of kayakers and canoeists in theoretical training at the stage of preliminary basic training in the
preparatory period of the annual macrocycle

Experimental group, during the preparation of Experimental group, during the preparation of
which only the means recommended by the state which interactive means of theoretical training
curriculum were used. with the use of game and competitive methods
were used
Before In 30 Significance Before In 30 Significance
Knowledge section classes weeks level classes weeks level
XS XS z p-level XS XS Z p-level
History of kayaking
and canoeing as a 1.30+0.184 | 1.75+0.184 | 1.581 0.114 1.45+0.171 | 2.414+0.171 | 2.750 | 0.005*
sport
Humanitarian and
socializing knowledge | ) 15,0 153 130£0.123 | 1500 | 0.134 | 0.91+0.114 | 1.73+0.171 | 3.328 | 0.000*
in the training of
athletes
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The content of sports *
training 0.85+0.123| 1.00+0.123 | 0.316 0.752 1.00+0.114 | 2.18+0.114 | 3.474 | 0.000
General basics of 1 15,0062 | 0.65£0.123 | 0.756 | 0.450 | 0.550.057 | 1.36:0,057 |3.328 | 0.000*
training athletes
Competitive activity | 0.75+0.062 | 1.00+0.123 | 1.512 0.131 |0.68+0.114 |1.36+0.057 | 2.774 | 0.005*
Medical and
biological bases of 1.65+0.184 | 2.00+0.246 | 1.443 0.149 |1.7740.114 |3.6340.229 | 3.750 | 0.000*
sports training
Logistics 0.60+0.062 | 0.65+0.123 | 0.289 0.773 0.55+0.057 | 1.45+0.057 | 3.175 | 0.001*
Safety rules 2.00+0.123| 2.50+0.246 | 1.443 0.149 2.14+0.114 | 4.59+0.229 | 3.881 | 0.000*

Note. Probability of difference of indicators concerning initial data: * - p <0.05

Discussion

The results of our research confirm the data

of other authors, who emphasize that theoretical
training in cyclical sports is given insufficient
attention [2, 14, 15, 16].
In addition, the coaches we interviewed confirm the
opinion of a large number of scientists who point out
the inconsistency of software and methodological
support of the training process of young athletes to
modern requirements for sports training [1, 17].

Thus, as a result of our research, we further
developed information about the importance of
theoretical training in sports as a factor in the
socialization of the athlete and the indirect conditions
for achieving results in training and competitive
activities in kayaking and canoeing [3, 4, 18].

The content of implementation provisions of
theoretical training in sports has been improved.

We rely on available scientific approaches to
methods, tools and forms of control. They are
specified in accordance with the requirements of
theoretical training of kayakers and canoeists at the
stage of preliminary basic training.

In this regard, the game method chosen by
the coaches-teachers for this stage of preparation was
borrowed by M.P. Pitin (2015) [2, 11] on practical
activities in sports. This method makes it possible to
simultaneously affect several senses, ie able to
develop polysensitivity in athletes. And the
interactive methods of theoretical training
substantiated by the author stimulate the athlete's
desire to find answers to questions or ways to solve
problems that arise in the process of sports training.

The use of theoretical training methods in the
educational process is possible due to specific means
of theoretical training.

However, we did not find any information on
testing the effectiveness of theoretical training on the
example of kayaking and canoeing. However, the
effectiveness of some theoretical training tools has
been experimentally tested and proven on the
example of such sports (groups of sports) as martial
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arts [5, 20, 21], athletics (16), cycling [15], sports
games [6, 19].

The expediency and effectiveness of the use
of tools and methods of theoretical training in the
training process is carried out by checking the level
of knowledge of athletes.

We have improved the requirements for the
knowledge system of kayakers and canoeists at the
stage of preliminary basic training. To this end, the
opinions of the trainer-teachers were clarified.
Among them, most respondents insist on testing as a
form of staged control of the level of theoretical
training of rowers at this stage of long-term sports
improvement. This confirms the opinion of other
authors who consider pedagogical testing to be the
most standardized method of control and evaluation
of knowledge, skills and abilities of the subjects [2,
5].

As a result of the study, the structure and
content of the system of theoretical training of rowers
at the stage of preliminary basic training were
substantiated for the first time. This was done taking
into account the fundamental scientific principles of
the general theory of training athletes [3] and the
results of a previous survey of trainers-teachers [1,
17].

Thirteen  topics are proposed  for
consideration at this stage of preparation by the state
curriculum, the effectiveness of seven of which is
confirmed by the results of a survey of trainers-
teachers. At the same time, the necessity of
introducing eleven topics that are not presented in the
curriculum into the theoretical training of athletes
was confirmed.

Conclusions

Theoretical training is an important
component in the system of training kayakers and
canoeists. The use of interactive theoretical training
tools using the game method (computer games) in the
process of theoretical training significantly increases
its effectiveness, in contrast to classes that used only
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traditional tools and methods (study of Appreciation
methodological literature, conversations,

demonstration of posters, stands, educational films ).
This innovative approach makes the process of

theoretical

training much more effective by

providing a higher level of theoretical training of
athletes.
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Abstract

Purpose: to examine the water and sand exercise models to maximize athletes’ training ability as exercise
media.

Material and Methods: This research is experimental research with a “Two Groups Pretest-Posttest” design
that includes a pre-test before the subjects are given treatment and a post-test after the treatment. The
research populations were twenty male athletes from a basketball club in Yogyakarta, selected using a random
sampling technique. All samples were subjected to a pre-test to determine the treatment group, ranked by
their pre-test scores, then matched with the A-B-B-A pattern in two groups with ten athletes each. The sampling
technique used in this dividing step was ordinal pairing. This research was conducted 18 times in treatment.
The instrument used was an agility test using the Lane agility test. The movements for each number are as
follows, (1) Sprint, stunt step, (2) Right slide (running with a guard position to the right side), (3) Run backwards,
(4) Left slide, (5) Right slide, (6) Sprint, stunt step, pivot, (7) Right slide, (8) Sprint.

Results: The research used normality, homogeneity, and hypothesis testing. To test the hypothesis, the
researchers used the two types of t-tests, namely paired sample test and the independent sample test. The T-
test is a statistical analysis technique that can be used to determine whether there is a significant difference
between two sample means or not. The results revealed that the t count was 2,335 with a p significance value
of 0.031. Because the t-count was 2.335 and the significance value was <0.05, these results indicated a
significant difference.

Conclusions: There was a significant difference in the effect of the exercise methods (water exercise and sand
exercise) on agility. The sand exercise training method was higher (better) than the water exercise training
method on the agility of basketball athletes.

Keywords: water exercise, sand exercise, agility, basketball
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AHoTAaLA

Myxammapg Hacixyn Badpdak, Mamyaxxi Cykoko, FX. CyriaHTo. Bnaue Bnpas y BoAi Ta meToAiB TPeHYBaHHA
BNpaB Ha NiCKy Ha CNPUTHIcTb y 6acKeTbonicTie

MerTa. ABTOp cnpobyBaB AOCAIAUTU MOAei BNpaB y BoAi Ta NicKy, W06 MakCcMMi3yBaTn TpeHyBasbHi 34i6HOCTI
CNopTCMeHiB AK 3acobu Bnpas.

Marepian ta metoam. Lle focChiaXKeHHA € eKcnepMMeHTaNbHUM AOCAIAXKEHHAM i3 3agymom «[gi rpynu
nonepegHbOro TECTy-MOCTTEeCTY», AKUI BKAKOYAE MNONEpPesHE TecTyBaHHA A0 Toro, AK cyb’ektam bOyae
NPU3HAYeHO JIiKyBaHHA, | MOCT-TeCT nicnA AikyBaHHA. JlocnigHuuUbKi nonynauii cknaganv ABaauATb
CNOPTCMEHIB-40/0BiKIB 3 6ackeTbonbHoro Kayby B [KOK'AKapTi, BiAibpaHWX 3a [AONOMOrol TeEXHiKU
BMMaAKOBOI BUBIpKK. Yci 3pasku byau niaaaHi nonepegHboMy TECTYBAHHIO A8 BU3HAUYEHHS TPYNU NiKyBaHHA,
paHXO0BaHWUX 3a pe3y/abTaTamMmu NonepeaHboro TecTyBaHHA, a NOTIM 3icTaBnAnmca 3a 3paskom A-B-B-A y asox
rpynax no AecsaTb CNOPTCMEHIB Yy KOXHin. MeTogom BUBIpPKM, BUKOPUCTAHUM Ha LbOoMmy eTani noginy, éyno
nopsagKose napyBaHHA. Lle pgocnigeHHa nposogunoca 18 pasis nig yac nikyBaHHA. BMKOpPMUCTOBYBaHMM
iHCTpyMmeHTOM 6yB TeCT Ha CMPUTHICTb 3@ AONOMOrO0 TECTY HA CAPUTHICTb JleliHa. Pyxu gnsa KoXKHOro Homepa
TakKi: (1) CNpuHT, KPOK TpIoKa, (2) Mpase KoB3aHHsA (6ir i3 No3uLieto 3axmMcHUKa 3 NpaBoro 60ky), (3) bir Hasaga,
(4) NiBopyu, (5) NpaBopyy cnaiig, (6) CNpUHT, TPOKOBUI KPOK, NoBOpOT, (7) MpaBuit KoB3aHHA, (8) ClpuHT.
Pe3ynbTtatu. Y AocnifrKeHHi BUKOPUCTOBYBA/IMCA NepeBipKa HOpPManbHOCTI, ogHopigHOCTI Ta rinoTesn. o6
nepesipuTM rinotesy, OOCNIAHWKM BUKOpPUCTaAM ABa TUNWM t-TecTiB, a came nNapHWU BUBIPKOBMIA TecT i
He3afexXHU BUBIpKOBUI TecT. T-TecT — Lie MeToZ, CTaTUCTUUYHOTO aHani3y, AKMIA MOXKHA BUKOPUCTOBYBATH, W06
BM3HAUMTK, UM iCHYE 3HAYHA PIi3HWMLA MiX ABOMa cepefHiMu BMBIpKamMu uu Hi. Pe3ynbTaTy nokasanu, Wwo
KiNbKicTb t cTaHoBMAa 2335 i3 3HaueHHAM 3HauywocTi p 0,031. Ockinbku umcno t ctaHosmao 2,335, a 3HaYEHHA
3HauyLwocTi 6yno <0,05, uj pe3ynbTaTh BKa3yBa/iM Ha 3HAYHY Pi3HULIO.

BucHoBKM. byna cyTTeBa pisHMUA Y BNAMBI MeToAiB BNpas (BNpasBu y BOAI Ta BNPaBW Ha MiCKy) Ha CNPUTHICTb.
MeTopa, TpeHyBaHb Ha NicKy 6yB BULLMM (KpaLLMM), HiXK MeToA TpeHyBaHb Yy BOAj Ha cnpuTHicTb 6ackeTbonicTis.
Kntouosi cnoBa: Bnpasu Ha BoAj, BNpasK 3 MNiCKy, agKuanTu, backetbon

AHHOTALUA

Myxammag Hacuxyn Baddak, Mamygrku Cykoko, FX. Cyruanto. BamaHue ynpaxKHeHuii B Boge U MeToh0B
TPEHUPOBKM YNPaXKHEHUIT Ha NecKe Ha NI0BKOCTb Y 6ackeT6onucToB

Lenb. ABTOp NOMbITA/NCA MCCNeA0BaTb MOAENAN YMNPaKHEHUM B BOAE M NecKe, 4TobObl MAKCMMWU3MPOBaATb
TPEHUPOBOYHbIE CMOCOHBHOCTM CMOPTCMEHOB KaK CPeACTBa yNparKHEeHWA.

Martepman n metoapl. 3ToO UccaeaoBaHMeE ABAAETCA IKCNEPUMEHTA/IbHbIM UCCAe40BaHUEM C 3aMbIiCioM «/[lBe
rpynnbl NpeaBapuTeIbHOro TeCTa-NOCTTECTa», KOTOPbIM BKAKOYAET NpeBapuUTe/ibHOe TECTUPOBAHWE A0 TOTO0, Kak
cybbekTam byaeT HasHaYeHo Ie4eHne 1M NOCT-TECT nocsie neveHus. MiccnegosaTenbckme NONyAALUKM COCTaBAAIN
ABaALATb CNOPTCMEHOB-MYKUYUH M3 HackeTb6oNbHOTo KAyba B [JKOKbAKAPTE, OTOHPAHHbLIX C MOMOLLLbIO TEXHUKMU
cnyyaliHoi BbI6OpKK. Bece 06pasubl 6binM NoaBeprHyThl NpeaBapuTelbHOMY TECTUPOBAHUIO A/1A onpeaeneHus
rpynnbl NeYEHNA, PAHKMPOBAHHbIX NO pe3yabTaTam NpeaBapUTeNbHOro TECTUPOBAHMA, @ 3aTEM COMOCTaBAANNCD
no obpasuy A-B-B-A B AByX rpynnax no AecATb CNOPTCMEHOB B KaXKA0i. MeToa0omM BbIBOPKK, MCNOb30BAHHbBIM
Ha 3TOM 3Tane pasgesieHuns, 6bI10 NoPALOYHOE capuBaHMe. 3To UccaeaoBaHWe NPoBOANAOCL 18 pas Bo Bpems
neyeHuna. McnonblyembiM MHCTPYMEHTOM Obln TECT Ha JIOBKOCTb C MOMOLbIO TecTa Ha JIOBKOCTb JleiHa.
[BUXKEHUA ONA Kaxkaoro Homepa cneaytowme: (1) CnpuHT, war Tptoka, (2) MpasBoe ckonbxeHue (6er ¢ nosuunen
3alWMTHMKA C NpaBoWi cTOpoHbI), (3) ber Ha3aga, (4) Cnesa, (5) CnpaBsa cnaig, (6) CnpuHT, TPHOKOBOM War, NoOBOpPOT,
(7) NpaBblit ckonbKeHue, (8) CNPUHT.

Pe3ynbTaTtbl. B MccnegoBaHUM MCNonb30BaAnCb NPOBEPKA HOPMAZIbHOCTU, O4HOPOAHOCTU U TunoTesbl. YTobbI
NpPoBEPUTb r’MMNoTesy, UccaesoBaTeNM UCMOb30BAM ABa TUNA t-TECTOB, @ UMEHHO YeTHbIN BbIGOPOYHbIN TEeCT U
He3aBMCUMbIi1 BbIBOPOYHBIN TecT. T-TeCT — 3TO MeTO/, CTaTUCTUYECKOrO aHaIn3a, KOTOPbI MOXKHO UCMO/Ib30BaTb,
yTobbl ONpenennTb, CYLLECTBYET /M PasHULA MeXAYy ABYMA CpeaHWMMMU BblOOpKamu wuam Het. PesynbTaTbl
noKasanu, 4to Koamndectso t coctasuno 2335 co 3HavyeHnem 3HaummocTm p 0,031. MockoabKy ymMcao t coctasaano
2,335, a 3HaYeHwue 3HaYMmocTu bbino <0,05, 3TK pe3yibTaTbl YKa3biBa/IM Ha 3HAYMTE/IbHYIO Pa3HULY.

BbiBOAbI. BbiNa CyLLeCTBEHHAA pa3HMLLA BO BAUAHUM METOLOB YNPaXKHEHWU (YnpaXKHEHMA B BOAE U YNParKHEHUA
Ha Mecke) Ha NOBKOCTb. MeTog, TPEHMPOBOK Ha necke 6bin Bbille (/yylle), Yem MeToL TPEHWPOBOK B BOAE Ha
NOBKOCTb 6ackeT601MCTOB.

KntoueBble cnoBa: ynpaxHeHUs Ha BoAe, YNPaXKHEHWUA U3 NecKa, afXnanTn, backetoon
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Introduction

Today basketball is developing rapidly,
proven by the more clubs and activities being
established in the school environment and the
holding of regional, national and international
basketball championships [1, 2]. Basketball is a fast-
paced game where the objective is to put the ball into
the basket. Although the concept is simple, the
game’s specific offensive and defensive aspects are
executed differently based on the level of play and
the game situation [3, 4].

Perfect abilities must support today’s
basketball game. A good player is a player who can
display a consistent performance from start to finish
in every half [5, 6]. The good physical quality is
needed through training and loading, so that muscle
fitness will be created to support every biomotor
component in the athlete [7, 8]. The biomotor
components of athletes include speed, strength,
endurance, and flexibility. [9] Stating that “The
results of the combination of these biomotor
components will produce derivatives of other
biomotor components, for example, the results of the
combination of speed and strength will produce
power, the combination of strength and endurance
will produce strength endurance or stamina, while the
combination of speed, flexibility and coordination
will produce agility.

One of the most important physical
components in achieving optimal performance is leg
muscle power and good agility to develop basketball
achievements. For example, a basketball player must
be able to change movements from dribble quickly
and then jump to jump shoot, rebound both offensive
rebounds and defensive rebounds, free himself from
the guard of the opponent without the ball or with the
ball, and vice versa do good guarding with the
opponent without or with the ball [10, 11]. This
component means that the working muscles must be
able to contract maximally in a short time. The
provision of training must be specific, according to
the characteristics of the physical condition to be
developed.

The players in the game of basketball require
a very high level of agility. Some forms of activity on
the field require agility when dribbling the ball
quickly towards the basketball hoop and passing
several opponents who are guarding around the ring
with a particular formation [1]. This aspect is
reinforced by [12] saying that “agility is the ability
which makes it possible for an athlete to change
direction, make quick stops and perform fast,
smooth, efficient and repetitive movements.”
Therefore, it can be said that an athlete must have
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good agility in a basketball game. Agility is
instrumental when doing rebounds, driving jump
shots, and changing speed (sudden speed changes).

When athletes have good agility, their skills,
both basic techniques and basic movements, will
increase because the basketball game is closely
related to changes in speed. For example, a defender
must always be as fast as possible to follow the
attacking player’s movements when doing defense.
On the other hand, when attacking, it is helpful to do
a v-cut (cutting/ability to change direction suddenly)
to free himself from the opponent’s guard. Applying
several different training methods to provide a
variety of exercises and avoid athlete saturation can
be done to improve and develop an athlete’s agility
[13, 14, 15]. An athlete is expected to achieve
optimal performance with excellent and varied
training methods.

So far in practice, athletes aged 16-18 years,
especially in basketball clubs in Sleman, Yogyakarta,
still have low agility, evidenced by the many
traveling violations caused by lack of control when
changing speed, the number of fouls due to the slow-
motion of the slide defense and many more. This fact
is strengthened by data that researchers will display
during fact observations in the field during the KONI
Cup inter-club competition in Yogyakarta City.

Perbakas Kalasan and Ayaba are clubs
located in the city of Yogyakarta. Both clubs have a
whole age group, including KU 14 boys and girls,
KU 16-18 boys and girls, and KU Senior boys and
girls. In initial observations, on April 9, 2016,
Saturday at 15.30 in Ayaba, and on April 10, 2016,
Sunday in Perbakas Kalasan, it could be seen that
many athletes ignored the basic movements of
basketball athletes, especially the 16-18-year-old age
group. Their stances defense was too high, rebounds
were still careless, cutting movements and change of
direction were still broken, resulting in athletes
quickly passing by opponents who only have
ordinary dribbling abilities and much loose dribbling,
one of which was due to the level of inadequate
agility.

Based on the match statistics data above, it
shows that the turnover rate by athletes is very high,
more than 30 times in one match. Turnover itself
consists of several elements: improper passing,
traveling violation, and being hit by stealing [16].
The dominant thing that occurs is traveling violation
or being hit by steals due to the athlete’s inability to
pass the opponent so that the athlete tends to make
mistakes [17]. This means that athletes often do
fouling due to stances/foot stances when the defense
is not strong enough, thus forcing them to use their
hands to stop the opponent’s pace, which is
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prohibited in basketball. Moreover, the number of
rebounds is small, resulting in the gap between the
coach’s instructions against the intended target and
the athletes’ execution results on the field.

Agility is essential in all activities and sports
[18]. Individual and team sports involve quick starts
and stops, rapid change of directions, efficient
footwork, and quick adjustment of the body or body
parts [2,19]. Agility is the ability to maintain control
body position while quickly changing direction
during a series of movements [20]. Agility is one of
the elements of physical condition that plays an
important role, especially in sports, including
basketball, when being guarded by an opponent. A
player must be able to move quickly to change
direction or to escape [21]. Thus, explosive
movements will extensively allow players to control
the ball, pass the opponent’s obstacles, and
breakthrough the tight opponent’s defense.

Based on observations during his time as a
trainer, he only used a field with a hard texture during
training, and there was still a lack of use of other
training models for training. The more diverse
training models offered to athletes, the more
stimulating athletes will not feel bored while
practicing. The use of the exercise model must also
be adjusted to the training media used so that the
exercise results will be more optimal. Therefore, the
author will examine the water and sand exercise
model to maximize the athlete’s ability to train as an
exercise medium.

Water has different pressures depending on
the formation compound and depth or volume [22].
The pressure contained in the water can be used to
provide a load during exercise [23]. In addition to
using water pressure as a training load, exercising in
the water is also easier and safer from injury to
muscles or joints because, in the water, the players
are better able to control the given load [24]. It also
provides freedom of movement of muscles and
joints, reducing pressure (resistance) caused by hard
steps such as when exercising on land.

Exercise using water media is not only used
for various swimming techniques (crawl, backstroke,
breaststroke, or butterfly) but also exercises with
water media offer many other movement possibilities
such as walking, jogging, or jumping [25,26]. This
will make it possible to stimulate the metabolic and
neuromuscular systems, followed by physiological
adaptation processes. Some studies have shown that
a program of jumps in water increases power, peak
concentric torque, vertical jump height, and speed.
These performance improvements may be due to the
forces resisting forward movement (increased load)
generated during water jumps [27]. Buoyancy
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reduces the effect of weight-bearing on skeletal joints
and reduces compressive joint forces the more
significant density of water (compared to air), and the
drag force provides loading during all movements
[28].

Likewise, in sand exercise, sand can also
function to reduce the pressure (resistance) caused by
a tricky footing, such as when exercising on a hard
textured field [29, 30]. Exercise in the sand can also
be a medium for implementing strength, speed,
endurance, or power training [31, 32]. Compared to
regular handball training, supplemental jump and
sprint exercise training on sand substantially
improved sprinting, agility, jumping, repeated
sprinting, and balance in male handball players.
Weak foundations such as those found in sand or
water have properties as resistance so that apart from
helping reduce pressure, they also have an effect as a
burden so that they will be helpful in the practice
process. Sand also drives athletes to test the limits of
their anaerobic thresholds [33]. Running and
jumping activities on the sand make the result faster
than the same activities on any other surface. The leg
and hip muscles are forced to work much harder
when planting and pushing off in the sand [34].

Research by [35,36] shows that “10 weeks of
agility training on a sand surface resulted in
significant improvements in agility tests conducted
on both sand and firm ground surfaces, suggesting
that the physiological and biomechanical adaptations
unique to sand training can also have a positive effect
on firm-ground agility performance”. That is, ten
weeks of agility training performed on the surface of
the sand showed a significant improvement.

Therefore, there was a need for research
using water exercise and sand exercises influenced
by leg muscle power on agility which would then be
developed with the title “The effect of water exercise
and sand exercise training methods on agility in
basketball athletes.”

Material and methods

This study is included in experimental
research, examining the relationship between the
cause-and-effect variables. The design used in this
study was “Two Groups Pretest-Posttest,” which
contained a pre-test for the subjects before they were
given treatment and a post-test after the treatment. In
this study, 18 meetings were conducted. After being
given treatment, more accurate results are gained
because they can be compared with what was held
before being treated.

The research population was all-male
athletes from a basketball club in Yogyakarta,
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determined using a random sampling technique. All
samples were subjected to a pre-test to determine the
treatment group, ranked by their pre-test scores, then
matched with the A-B-B-A pattern in two groups
with ten athletes each. The sampling technique used
in this study was ordinal pairing.

In addition to the racetrack’s start and finish
transition gates, a third gate was also placed at the

initial point of slaloms (Figure 1). Participants were
assessed for initial sprint-reverse ratings, slalom
ratings, second sprint-reverse ratings, and the total
Ilinois agility test ratings [37].

3.3m
3.3m 10 metres
33m

- - = 5 metres =

Start Finish

A B C

72\ D) \

Fig. 1. Transition gate locations in the Illinois agility test (A—B-C)

The analysis techniques wused were
normality, homogeneity, and hypothesis testing. The
hypothesis was tested using the t-test, a statistical
analysis technique that can be used to determine

Results

Statistical descriptions of the agility test
result on male athletes of basketball clubs in
Yogyakarta are presented in Table 1.

Based on Table 1, the mean pre-test and
post-test of water exercise decreased, which means

whether there is a significant difference between two
sample means. The t-tests used were the paired
sample test and the independent sample test (two
groups of unpaired samples).

that the data/research group experienced an
increase in speed. The mean pre-test and post-test
sand exercise data also decreased, which means that
the data/group also experienced an increase in
speed.

Table 1

Descriptive Table of Agility Test Results Statistics

Statistics
C e Pretest Water Posttest Water Pretest Sand Posttest Sand
Statistics indicators . . . .
Exercise Exercise Exercise Exercise

Valid 10 10 10 10
Mean 19,04 17,71 19,00 16,77
Median 19,10 17,54 19,12 16,87
Mode 18,477 16,46° 19,12 15,25°

Std, Deviation 0,33 0,71 0,39 0,75
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Minimum 18,47 16,46 18,53 15,25
Maximum 19,45 18,58 19,54 17,59
Sum 190,43 177,13 190,02 167,73
Multiple modes exist, The smallest value is shown
Table 2
Normality test calculation
Data Significance Explanation
Water Exercise Pretest 0,354 Normal
Posttest 0,391 Normal
Sand Exercise Pretest 0,123 Normal
Posttest 0,164 Normal

The results of the normality test used the
Shapiro-Wilk test. From the results of the Table
above, it can be seen that the pre-test and post-test

data have a p-value (sig.) > 0.05., and then the
variable is normally distributed.

Table 3
Homogeneity Test
Data Homogeneity test Homogeneity test
Pretest-Posttest Water Exercise 0,655 Homogen
Pretest-Posttest Sand Exercise 0,246 Homogen

Useful for testing the similarity of the sample
that is uniform or not the variance of the sample
taken from the population. The results of the
homogeneity test of this study can be seen in Table 3

as follows: From table 3 above, it can be seen that the
value of sig. Pre-test and post-test significance >
0.05, so the data is homogeneous.

Table 4
Pre-test and Posttest Hypothesis Testing of Agility after Water Exercise is as follows:
Agility Average T count sig
Pretest 19,04 6,593 0,000
Posttest 17,71

Based on the analysis results in Table 3
above, it can be seen that the t count IS 6,593 with the
p significance value of 0,000. Because the t count iS
6,593 and the significance value is 0,000 < 0,05, this

result shows a significant difference. Thus the
alternative hypothesis (Ha), “There is a significant
effect of Water Exercise on agility,” is accepted.

Tabel 5
Pre-test and Posttest Hypothesis Testing of Agility after Sand Exercise
Agility Average t count sig
Pretest 19,00 11,132 0,000
Posttest 16,77

Based on the analysis results in Table 3
above, it can be seen that the t ¢ount is 11,132 with the
p significance value of 0.000. Because the t count is
11,132 and the significance value is 0.000 < 0.05,
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this result shows a significant difference. Thus the
alternative hypothesis (Ha), “There is a significant
effect of sand exercise on agility,” is accepted.
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Tabel 5

The hypothesis of Differences in the Water Exercise and Sand Exercise Effect on Agility will be Explained
in Detail in the Table below

Groups Mean Gain t count sig
Water Exercise 1,33
3,163 0,005
Sand Exercise 2,23 ! !

Based on the analysis results in Table 3
above, it can be seen that the t count is 3.163 with a p
significance value of 0.005. Because the t count IS
3.163 and the significance value is 0.005 < 0.05, this
result shows a significant difference. Thus the
alternative hypothesis (Ha), “There is a significant
difference between Water Exercise and Sand
Exercise on agility,” is accepted. The Sand Exercise
group is better than the Water Exercise for basketball
agility.

Discussion

Based on the hypothesis testing, it is known
that the water exercise and sand exercise have a
significantly different effects on agility. The analysis
results show that the sand exercise method is better
than the water exercise method. Sand exercise is
another method to improve the leg muscles’ ability
[38]. Training on sand can reduce the stress placed
on the skeletal muscle system during exercise, limit
the degree of exercise-induced muscle damage, and
associated negative side effects such as increased
muscle soreness and reduced performance capacity
[39, 40, 41, 43]. When the footsteps are on the sand,
the athlete will receive a more significant stimulus
through the resistance pressure generated during
training.

Exercise in the sand can also be a medium
for implementing strength, speed, endurance, or
power training [29]. Training in the sand also puts
pressure and weight on it to feel heavier than training
on a regular field [31]. The plant foot (front) sinks
into the sand instead of regular ground reaction
forces to stabilize the body and provide efficient
forward propulsion when sprinting through the sand.
[30, 32].

Sand sprinting is another common training
method used to develop sprint speed [44]. Soviet
research on Olympic sprinters theorized that
sprinting in the sand was one of the best ways to
develop the hamstrings [45. 46]. The sand surface is
also expected to reduce stride frequency slightly, as
athletes maintain almost the same movement pattern
and range of motion during stride [47]. The lower
horizontal speed on the sand surface means the
athlete takes longer to make a move, hence having a
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longer time in contact with the sand surface [48].
The high shock absorptive qualities of sand can also
limit maximal movement speed in sprint training and
jumping performance [49]. This means that sand
therapy can also reduce the pressure (resistance)
caused by a hard footing, such as when exercising on
a hard-textured court here, where the sand absorbs
more pressure on the joints which usually occurs in
hard-textured courts.

Research by Gortsila et al. in [50] shows that
“10 weeks of agility training on a sand surface
resulted in significant improvements in agility tests
conducted on both sand and firm ground surfaces,
suggesting that the physiological and biomechanical
adaptations unigue to sand training can also have a
positive effect on firm-ground agility performance”.
Furthermore, [51] adds, “soft sand running has
provided the most conclusive evidence to date, by
identifying a significantly greater contribution of the
lower leg muscles to the exercise bout when
compared to the firm ground running.”

Agility is needed in sports that are games, as
it is related to body movements involving footwork
and rapid body position changes. Agility, in
principle, plays a role in activities that involve
changing body movements while maintaining
balance. An athlete or player who has good agility
will be able to perform movements more effectively
and efficiently.

Prospects for further research. For trainers,
the results of this study can add to the existing
knowledge and training methods. This research is
expected to contribute to science, especially in the
sport of basketball, and explain scientifically the
influence of the training methods given.

Conclusions

Based on the results of the research and the
results of data analysis, there is a significant
difference in the effect of the water exercise with
sand exercise methods on agility. The sand exercise
training method is higher (better) than the water
exercise training method on the agility of basketball
athletes.
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Abstract

Purpose: to find an equation for accurately predicting the skills of spike skill beating (straight and diagonal), and the
blocking skills about specific physical measures physical and kinetic skills of volleyball players. The skill of spike and skill
blocking is one of the basic skills in volleyball, whose performance requires high compatibility and balance between
physical measurements and physical skills

Material and Methods. Moreover, monitoring shows that no statistical equation predicts the punch and squeezes talents
that hinder the volleyball sector for the age group (14-16). In the youth volleyballers centers in Erbil, the number of players
was (75) out of (106) participants (76% of the total population). 25 Players were excluded because they did not complete
the test requirements.

Results. The manuscript reached the following results: It was possible to identify the values of some physical
measurements and physical and motor abilities affecting the level of accuracy test performance of the skill of spike (straight
and diagonal). And through the logical analysis of the regression of anthropometric indicators and physical and motor
abilities. The regression equation for the first indicator was: Y = a + b x. The second indicator is: Y = a + bl x1 + b2 x2. As
for that, the compatibility index is the most contributing variable to the accuracy of the performance of the blocking skill,
as its contribution rate was for the first indicator: ¥ = a + b x. And the second indicator: ¥ =a+ b1 x1 + b2 x2

Conclusions: were a statistically significant correlation between some physical measurements, physical and motor abilities,
and the accuracy of the spike skill and the blocking skill (Straight and diagonal) of the research sample. Regression
equations were obtained to predict the accuracy of the hit performance (Straight and diagonal) in terms of physical
measurements, physical abilities, and kinetics.

Keywords: spike and block, measurements, accuracy, volleyball, predict
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AHoTAaLA
HaBasag Xyccien [Oapsew, Hixap Aw6 Kagip, TsaHa Bax6i Madyp LWapid. MporHozyBaHHA TOYHOCTi BMKOHAHHA
Hanagawuux yaapie i 610kKiB 33 AeAKMMU iSMMHMMM NOKA3HUKAMU Ta i3UKO-PYXOBMMU MOKAUBOCTAMMU
Boneibonicris.
Mera. Lle focnigyKeHHA Mae Ha MeTi 3HalTU PiBHAHHSA A1 TOYHOTO MPOrHO3YBaHHA HAaBMYOK Hamafakoumx yaapis (npami
Ta AiaroHasbHi), a TAKOX HAaBUYOK BIOKYBaAHHA OO KOHKPETHMX Qi3UYHMX NOKA3HUKIB Qi3UYHUX Ta KIHETUYHUX HABUYOK
Bonelibonictis. HaBMYKa BMKOHAHHA Hanagatoumx yaapis i 610KyBaHHA € OAHMM 3 OCHOBHWX HaBMYOK Yy Bonelnboni,
BMKOHaHHA AKOro BUMara€ BUCOKOI CyMiCHOCTi Ta 6anaHcy MixK QisMyHUMM BUMipammM Ta GisUYHUMM HAaBUYKAMMU.
Marepian i metogu. binblue TOro, MOHITOPMHI NOKA3YE, LLLO XOAHE CTaTUCTUYHE PiBHAHHSA HE NPOrHO3YE yAapiB i BUTUCKAE
TaNaHTU, AKi 3aBa*kaloTb Yy BOJIEMBONbHOMY CeKTopi ans BikoBoi rpynu (14-16). Y ueHTpax monogikHux sonenbonictis
Epbins KinbkicTb rpasuis ctaHoBunaa (75) 3 (106) yyacHuKiB (76% Big 3aranbHOi KinbKOCTI HaceneHHs). 25 rpasuis 6yno
BUKJ/TIOYEHO, OCKIJIbKM BOHU HE BUKOHAIN BUMOTU TECTY.
Pe3ynbtatn. Boanocb BUABUTU 3HAYEHHA AeAKNX Gi3NYHMX BUMIPIB i Gi3NUYHNX i pyxoBuMX 3aibHOCTEN, Wo BNAMBAOTL Ha
piBEHb BMKOHAHHA TECTy TOYHOCTI HaBMKY Hanagalwuux yaapie (Npamui i giaroHanbHUIA). A yepes fOriYHMIA aHanis
BiAOYyBa€ETbCA perpecia aHTPONOMETPUYHMUX MOKA3HUKIB | GisMUHKX i pyxoBux 3a4i6HOCTEN. PiBHAHHA perpecii gnsa nepworo
nokasHuKa 6yno Takum: ¥ = a + b x. Apyruit nokasHuk: ¥ = a + bl x1 + b2 x2. LLlo cTOCYETbCA LbOro, TO iHAEKC CYMICHOCTI €
HalbiNbLIOK 3MIHHOIO, fIKA CMPUAE TOYHOCTI BUKOHAHHA HAaBUKY 6/10KYBAHHSA, OCKiNIbKM MOro KoeodilieHT BHeCKy byB anA
neploro nokasHuka: ¥ = a + b x. | apyruit nokasHuk: ¥ = a + bl x1 + b2 x2.
BuUCHOBKM: bByna CTaTUCTMUHO 3Hauylla KOpenauia Mixk AeAKUMU QisMYHMMKM BUMIpaMK, PiSUHUHUMKM Ta PYXOBUMHU
34i6HOCTAMM, @ TaKOXK TOYHICTIO HAaBMYOK Hanafalwuux yaapiB i HaBMYOK ONOKyBaHHA (NpAMUIA i AiaroHanbHWi)
AocnigxyBaHoi BUBipKK. PiBHAHHA perpecii 6ynn oTpuMaHi gns NporHo3yBaHHA TOYHOCTI BUKOHAHHA yaapy (npamuii i
AiaroHanbHW) 3 TOUKM 30pYy Gi3UYHMX BUMiPIOBaHb, Pi3MUYHKNX 34i6HOCTEN Ta KiIHETUKN.
Kntouosi cnoBa: Hanagatounin yaap i 610K, BUMipIOBaHHS, TOUHICTb, BON€60/1, NPOrHo3

AHHOTALIUSA
HaBasag XycceiiH [fapsew, Huxap Awb6 Kagup, TeBaHa Bax6u ladyp LWapud. MporHosmpoBaHMe TOUHOCTU
BbIMO/IHEHUA HanNaAaloLWMX yAapoB U 610KOB N0 HEKOTOpbIM PpU3NUECKMM NOKaszaTenam u GU3nKo-ABUraTe/IbHbIM
BO3MOXHOCTAM BOJieii60anCTOB.
Llenb. 370 nccneaoBaHMe HanpaBAeHO Ha MOWUCK ypaBHEHWUA AR TOYHOrO MPOTrHO3MPOBAHMA HABbIKOB BbIMONHEHUA
Hanagatowmx yaapos (NpAMbIX M AMAroHaNbHbIX) U HaBbIKOB GJIOKMPOBAHUA KOHKPETHbIX GU3MYECKMX MOKasaTenen
bU3NYECKMX U KUHETUYECKMX HABbIKOB BO1IEMOONMCTOB. HaBbIK BbINONHEHMA HAaNA4AOLWEro yAapa v HaBblK 610KMPOBKM
- 04MH 13 6a30BbIX HAaBbIKOB B BONEN6O/E, BbINOJIHEHNE KOTOPOIO TPEebYeT BbICOKO COBMECTUMOCTU U BanaHca mexay
bu3nYeckMmn pasmepamm n GU3NYECKUMMN HaBbIKaMMU.
Matepuan u metoabl. bonee TOro, MOHMUTOPMHI MOKa3blBaeT, YTO HU OAHO CTAaTUCTMYECKOE YypaBHEHWE He
NPOrHO3UPYeT yAapoB U BbITECHAET TalaHTbl, KOTOPblE MELIAtOT BONEMB0bHOMY CEKTOPY ANA BO3pacTHOW rpynnbl (14-
16). B moioZeKHbIX BONENB60NbHbIX LieHTpax B dpbune KoNMYECTBO UFPOKOB cocTaBaano (75) s (106) yyactHuKoB (76%
OT 06Leit YNCNEHHOCTN HaceneHus). 25 UrPoKoB BbINN UCKIOYEHb! M3-3a TOTO, YTO OHWM He BbINOAHUAN TpeboBaHMA
TecTa.
Pe3ynbTatbl. Y43an0Ch BbIABUTb 3HAYEHUA HEKOTOPbIX PU3UYECKMX U3MEPEHUI U U3UKO-ABUraTENbHBIX CNOCOBHOCTEN,
BAMAIOLLMX HA YPOBEHb TOYHOCTM BbINOJIHEHWA TECTa HaBblKa Hanajawowero ygapa (npamoro M AvaroHanbHoro). A
yepes NOTMYECKUI aHanu3 perpeccMM aHTPOMOMETPUYECKMX MNoKasaTenei u  GU3MYECKMX W ABUraTeNbHbIX
cnocobHocTel. YpaBHeHWe perpeccum A/18 Nepeoro MHAMKaTopa bbino crnegyowmm: ¥ = a + b x. Bropoii nokasatess: ¥
=a + bl x1 + b2 x2. Yto KacaeTcsa 3TOro, MHAEKC COBMECTUMOCTU ABMAETCA NepemMeHHON, B Haubonbliel cTeneHu
BAMAIOLLEN HAa TOYHOCTb BbIMONHEHMA BNOKMPYIOLWEro HaBblKa, TaK Kak ero KoadouumeHT BKkAaga 6bin gns nepsoro
uHamkaTtopa: Y = a + b x. U BTopoit nokasatens: ¥ =a + bl x1 + b2 x2
BbiBOAbI: BbIABAEHA CTAaTUCTUMYECKM 3HAYMMaA KOppPensauma Mexay HeKoTopbiMU (U3MYECKMMM MOKasaTensamu,
dU3NYECKMMIN U ABUraTENbHBIMM CNOCOBHOCTAMM M TOYHOCTbIO HaBblKa Cnalika M HaBblKa GJIOKMPOBKK (Npamoro u
AMaroHanbHOro) uccnenyemon Bbl6OPKU. Bbliv NoAyyYeHbl YypaBHEHUA perpeccun AAA NPOrHO3MPOBAHMA TOYHOCTU
BbINO/IHEHMA YAAPOB (MPAMbBIX U ANArOHANbHbIX) C TOYKW 3peHUs GU3UYECKUX N3MEPEHUN, GU3NYECKUX CNOCOBHOCTEM
N KMHETUKMW.
KnioueBble cnoBa: Hanagawowmii yaap v 610K, U3mepeHus, TOYHOCTb, BoNeinbo, NporHo3
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Introduction

Volleyball is one of the most successful and
Villette most competitive games globally,
characterized by excitement because of the
abundance of motor skills and performance volleyball
enjoys worldwide popularity, with only soccer
attracting more global participation [1]. A volleyball
player must have the physical measurements and
physical and motor abilities appropriate to the game's
requirements for the skillful performance of the
players. (Morphological characteristics in human
beings are affected by ecological, biological,
geographical, racial, gender, and age factors [2]. This
game has taken a large share of the increasing interest
by increasing the number of world championships
throughout the year.

This is what called on the International
Federation of Volleyball to legislate several game
rules to make it more exciting and exciting.
Volleyball is one of the sports activities that reached
a sophisticated level. As a result of the entry of the
scientific side, all aspects, including these aspects
(physical, body, and kinetics) of the players, for
example, the length of the body, plays an essential
role in the performance of the skill beating to the
crushing and can be used by the team to penetrate and
break the wall of the opponent's opponent and get
points. Anthropometric measurements are essential in
that they are often used as a basis for success or failure
in a particular activity; this is confirmed by the studies
of both Kohler and others [3, 4, 5].

However, this also requires consistency
between other parts of the body and body mass. The
rapid pace of this game requires both functional and
physical adaptation to provide the energy needed to
perform the performance of a high-precision skill.
"The performance in sport depends on a pack of
tactical, physical, skill and even psychological
aspects, and anthropometric factors” [6, 7]. Reaching
the jump is necessary for the spike and blocking. One
of the most important aspects of volleyball is the
increase in human, material, and technical aspects
because of the spike, both for the men's and women's
game, and the blocking, in men's game, are the most
correlated actions with winning. [8, 9].

The physical measurements occupy a special
place in the volleyball game; they offer the
opportunity to study the relationship between skill
performance and body specifications. As indicated
(carter). "The morphological characteristics of an
athlete play a significant role in the success of a high-
level sports career. And therefore, they form a basic
criterion for the chosen female volleyball athletes™
[10]. There are many physical capabilities in
volleyball, including wvertical jump capabilities.
Jumping a volleyball player requires fast and
synchronized coordination of body movements. The
body needs to overcome inertia (Newton's First Law),
by having a force applied to the player (Newton's
Second Law) by using power against the ground that
provides an equal and opposite force back (Newton's
Third Law) [11].

Therefore, the prediction is significant in the
process of selection and selection of players through
the use of scientific means, which in turn contributes
to the selection of the best athletes. This, in turn,
reflects positively on the training process in terms of
shortening and reducing time. The accuracy requires
full control of the muscles of the human will to be
directed towards the specific target, and is the
prediction of the branches of science, which is
interested in the study of the future of what will
happen in the future according to statistical methods
(linear regression and multiple), and thus provides
advance data will be reached. The importance of the
research is to predict the accuracy of the performance
of the spike skill (rectal and diagonal) and the wall of
the shock in terms of some physical measurements
and physical and motor abilities of the volleyball
players to achieve good results in the future.

Material and Methods
Participants

In the youth volleyball centres in Erbil, the
number of players was (75) out of (106) participants
(70% of the total population). 25 Players were
excluded because they did not complete the test
requirements (Tabl. 1).

Table 1
Details of the research sample

Youth Community Search community Sample Final Experience

Youth Center- A 18 12

Youth Center- B 18 12

Youth Center- C 16 12

Youth Center- D 14 10

Youth Center- E 14 10
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Youth Center- F 14 10
Youth Center- G 14 9
Total 106 75

Fig. 1. Measuring device Length and body weight measuring device

Fig. 2. Jump Mat Device

Equipment

Measuring tape length (20 m), medical Ball,
(plastic cones) number (5), and platform electronic
jumping device (type Axuo)

Applied tests
Physical measurements

1 - Body length: Detecto was used to measure
the size of the body, noting that the distance measured
from the ground and the highest point in the skull
head [12].

2. Body mass: Measurement is performed
through the medical balance of the nearest half
kilogram. The laboratory stands in the middle of the
base of the balance so that the body's weight is
distributed on the feet.

Physical and kinetic tests applied
1- Zigzag test running in a barrow manner [13].

2. Extend extension test [14].
3 - Test the explosive power of the two legs
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Fig. 3. Test the accuracy of the performance of the
spike skill (Straight and diagonal) and blocking

A particular device (jump mat) number (1)
with dimensions (50 x 110 cm) was used to measure
kinetic variables directly in the course of
performance. Among these variables is a vertical
jump in centimeters. The experiment was carried out
on the jumping mat competence of the
mechanics/volleyball.

Technical tests used

1 - Test the accuracy of the spike Beating
skill (Straight and diagonal)

2 - Test the accuracy of the blocking skill:
[15].

Tests conducting process

The tests were carried out in two days for
each youth centre according to the scheduled schedule
from 2/8/2021 until 21/10/2021. First, physical
measurements (total body length, body mass) were
carried out. Then, the second day was conducted to
test the accuracy of the overwhelming beating in the
directions (rectal and catheter) and the barrier wall.

Statistical means

The researchers used the statistical SPSS
version 18 for data processing.



Health, sport, rehabilitation
3p0poB’sa, cnopT, peabinitauin
== 3p0poBbe, CNOPT, peabunurauusa

\ 1ol

—_—

Results

Three variables are not significant in the
correlation.

He points out (EI-Meligy) Quoting (Paul J).
that the relationship between two or more variables is
usually studied in the hope of using the derived
relationship in helping to estimate, guide, or predict
the regression methods [16]. and that this problem of

linear prediction leads to the problem of straight-line
alignment of a set of points. This equation can be
written in the following picture:

Y=a+bx
As a = constant amount
And b = regression coefficient
And x = the measurement value of the contributing
variables.

Table 2
Computational circles, standard deviations, and torsion coefficients
NO Variables Arithmetic mear standard Torsion coefficient
deviation
1 Body length 173.240 6.372 -0.230
2 Body mass 62.209 7.777 0.250
3 | The explosive force of the two legg 41.68 7.046 -0.221
4 Trunk flexibility 30.0267 7.068 0.759
5 The power of speed 11.554 1.337 -0.416
6 Kinetic compatibility 13.280 2.339 0.367
7 Fitness 7.724 0.595 -0.566
8 The overwhelming beating (rectal 26.040 6.143 -0.084
and diagonal)
8 Blocking 28.400 3.158 0.449
Table 3

Crosslink parameters for search variables

Research Variables and Probability Ratio The value of the correlation with the accuracy of the

spike skill (straight and diagonal)

Body length 0.476*

Sig. (2-tailed) 0.0001

Mass 0.195

Sig. (2-tailed) 0.047

The explosive force of the legs 0.442*
Sig. (2-tailed) 0.0001

Flexible trunk -0.022

Sig. (2-tailed) 0.425
The power of speed 0.302%**

Sig. (2-tailed) 0.004

Kinetic compatibility -0.015*

Sig. (2-tailed) 0.450

Fitness 0.140

Sig. (2-tailed) 0.116

Therefore, the researcher performed the steps
of the logical analysis of the regression of the
physical, physical, and motor abilities, which
achieved the highest correlation with the skill
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performance accuracy test to determine the
percentage of the contribution of these variables in the
precision accuracy of the performance of the spike
skill.
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Table 4

Multivariate analysis of physical somatic, physical abilities, skill performance and contribution rates in the
accuracy of the performance of the spike skill

) Error . .
No Variables Fixed Parametqg Calculate| Probability The degre, Link Contrlbutlo
Amount ) of freedon value Ratio
Ratio
1 Bodylensth | o3443 0459 | 21376 0.000 73 0.476 0.226
Body length of 0.468
2 the explosive 71.534+ ' 27.270 0.000 72 0.657 0.431
0.394
power of the legs

Table 4 shows that the variables of research
and contribution to the accuracy of skill performance
have reached three variables, respectively:

The first indicator

Table 4 shows that the body length index is
the most contributing variable to the accuracy of the
performance of the spiking skill, as its contribution
rate reached (0.226). Thus, the equation of the
predictive slope line with the accuracy of the skill of
the overwhelming beating of the movement in terms
of body heightis: Y =a+bx

The second indicator

Table 4 shows that the index of the explosive
power of the legs is the second contributor to the
accuracy of the skill’s performance of the crushing

strike. It raised the contribution ratio from (0.226) to
(0.431) by (0.205) from the contribution of the first
indicator.
Accordingly, the equation of the predictive slope
line is:
Y =a+blxl+b2x2

As bl = the regression coefficient value of
the first contributor.

And x1 = the measurement value of the first
contributing indicator.

And b2 = the regression coefficient value of
the second contributor.

And x2 = the measured value of the second
contributor.

Table 5

Crosslink parameters for search variables

Research Variables The accuracy skill of the barrier wall

Body length -0.236*

Sig. (2-tailed) 0.021
Mass -0.014

Sig. (2-tailed) 0.454
The explosive force of the legs -0.126
Sig. (2-tailed) 0.141
Flexible trunk -0.025

Sig. (2-tailed) 0.415
The power of speed 0.049
Sig. (2-tailed) 0.338
Kinetic compatibility 0.264*
Sig. (2-tailed) 0.011
Fitness -0.064

Sig. (2-tailed) 0.292

Three variables are not significant in the
correlation.

The relationship between two or more
variables is usually studied in the hope of using the
derived relationship in helping to estimate, guide or
predict the regression methods. This problem of linear
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prediction leads to the problem of the straight-line
alignment of a set of points. This equation can be
written in the following picture:

Y=a+bx

As a = constant amount

And b = regression coefficient
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And x = the measurement value of the
contributing variables.

Accordingly, the researcher performed the
logical analysis of the regression of the physical bases
and physical and motor abilities, which achieved the

highest correlation with the test accuracy of the skill
performance to determine the contribution of these
variables in the blocking.

Table 6

Multiple regression analysis of physical bases, physical and motor abilities, skill performance, and contribution
rates in wall barrier performance accuracy

e Error Uz Link Contributio
No Variables Amoun | Parameter | Calculated Probability degree of )
) value n Ratio
t Ratio freedom
Kinetic
1 | compatibilit | 23.660 0.357 5.489 0.022 73 0.264 0.070
y
Kinetic
compatibilit 0.345
2 43.244 4, .01 72 .34 121
v Body 3 0.112- 959 0.010 0.348 0
length

Table 6 shows that the compatibility index is
the most contributing variable to the accuracy of the
performance of the blocking skill, as its contribution
rate was (0.070).

The first indicator

Accordingly, the equation of the regression
line predictive of the accuracy of the performance of
the block skill of movement in terms of body length
is:

Y=a+bx
The second indicator

Table 6 shows that the body length index is
the second contributor to the accuracy of the
performance of the blocking skills, as it raised the
contribution percentage from (0.070) to (0.121) by
(0.051) from the contribution of the first indicator.

Accordingly, the predictive slope equation is:

Y =a+blxl+hb2x2

B1 = the regression coefficient value of the
first contributor index.

And x1 = the index value of the first
shareholder.

And b2 = the regression coefficient value of
the second contributor index.

And x2 = the measured value of the second
contributor.

Discussion

When watching table 4. The researcher
attributed this result to the fact that the length of great
importance in volleyball reduces the distance between
the player and the height of the network. It contributes
significantly to the performance of the spiking skill
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beating because the length of the body has an essential
role in achieving the results, size and its relation to the
accuracy of the performance of the spike skill. As a
result, accuracy is dependent on the individual's
ability to estimate the distance and coordination
between the movements of the body parts when
working together at a very high speed, so it is
necessary for a player to fully understand the distance
from which the power is sent to them with this
distance in the case of skill performance. In addition,
the importance of precision in sporting events on
which the Hit a target. Moreover, the point is
recorded. As for the second indicator, the explosive
force of the two legs is to remove the maximum force
as soon as possible, as [17] defined it as "the
maximum muscle strain that can be achieved in one
muscle contraction.” As he climbs up to raise his body
over the upper edge of the net to overcome the
rebound wall and properly complete the crushing bat,
the volleyball player needs this aspect.” While hitting
the ball, the player must utilize his complete body to
provide strength to his arms, extend the knee, and
raise the hip." [18].

When watching table 6, the attributes this
result to the fact that height is of great importance in
volleyball, which reduces the distance between the
player and the height of the network. It contributes to
reaching the network quickly to perform the skill of
the wall of the resistance. Size is significant in many
sports, as it is the total length or length of the arms
and legs. And the consistency of the length of the
limbs with each other is essential in acquiring the
individual muscle and nervous in most sports
activities. Motor coordination is the complex set of
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moving a limb and the actual stem in movement [19].
Hence, the compatibility between the eye, the hand,
the eye, and the man are one of the most important
factors for the performance of the skill of the wall of
resistance, because through the performance
movements there is a transmission of nerve signals
from the nervous system to the muscular, so the more
coordination between the physical and the technical
skills is increased, which in turn helps to increase the
compatibility between the performance and the goal,
which is accuracy. Accuracy is defined as the ability
to speed learning and master motor skills by directing
the player's voluntary movements towards a specific
purpose [20]. In volleyball, physical abilities are not
necessary if they lack the motor precision in
performing the performance of skills and directing the
movements to the opponent's court, as well as have
great importance in resolving the points if the player
is good, especially during the performance of the
blocking skill. As for the second indicator, Height
The body is different from other elements of force. It
requires the output of maximum strength as low as
possible and requires the player to this element in the
jump to the top to overcome the overwhelming
beating of the opposing team. Therefore, the level of
performance of the crushing defeat and the wall of
resistance depends on the availability of the explosive
power of the muscles of the two legs [21].

Based on the previous review of tables (2),
(3), (4), (5), (6) and based on the results obtained from
them, the researcher has reached some physical
measurements and physical and motor abilities
affecting the accuracy of the spike skill The
correlation between these indicators and the
percentage of their contribution to the accuracy of the
spike skill and the resistor wall were also determined,
as well as the determination of the predictive
regression equations in terms of the values of the
physical measurements and the physical and motor
abilities. All the hypotheses in question have been
answered.

1. It is possible to identify some physical
measurements and physical and motor abilities
affecting the level of accuracy of the performance of
the skill spike and blocking in the sample research.
Furthermore, there is a statistical correlation between
some physical measurements and physical and motor
abilities and the accuracy of the skill spike and
blocking performance in the research sample.
Through the logical analysis of the regression of the
indicator physical measurements and physical and
motor abilities, it was possible to determine the
variables of physical measures. Physical skills of the
performance skill contribute to improving the
accuracy of the skill of skill spike and blocking are as
follows: (Body length, and the explosive power of the
legs).

2. Equations of the regression line to predict
the accuracy of the performance of the skill spike and
blocking in the research sample. In terms of some
physical measurements and physical abilities, and
kinetics. As there through the logical analysis of the
regression of the indicator's physical measures and
physical and motor abilities, it was possible to
determine the variables of physical measurements and
the physical and motor abilities of the performance
skill contribute to improving the accuracy of the
performance of the wall, respectively: (Kinetic
compatibility and Body length).

3. Equations of the regression line to predict
the accuracy of the blocking skill's performance in the
search are a function of some physical measurements
and physical and motor abilities.
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Abstract

Purpose: to analyze the first experience of administering Objective Structured Clinical Examination (OSCE) for
the students (studs) enrolled in the master's degree program majoring in physical therapy at National University
of Ukraine on Physical Education and Sport.

Material and methods. The survey included 21 examiners (examrs) and 46 studs involved in OSCE administering.
The questionnaire consisted of the questions assessing the quality of station equipment, clarity of the exam
format, other aspects.

Results. All the examrs informed of total clarity of the examination format, but only 13 (61.9%) of them noted a
similar level of clarity for the studs. The examrs identified 3 main reasons for unsuccessful attempts to perform
a skill/task: insufficient training, new format of checking knowledge/examination, slightly different focus of
training. The distribution of answers concerning the clarity of the format of the examination and its tasks
provided by the studs did not differ statistically from those provided by the teachers. The vast maj ority of the
examrs indicated that the skills were of sufficient difficulty for the purpose of the examination. 5 examrs had
significant difficulties assessing skill performance according to the provided form, while 7 of them had slight
difficulties and the rest had no difficulties. The majority of the studs noted that the number of stations and
equipment was sufficient (no statistical differences were determined between the answers of the studs and the
examrs).

Conclusions. The survey revealed the need for introducing certain changes in OSCE assessment form, in the
educational program, conducting special preparatory classes for studs. The obtained results can be used to
improve the development of OSCE in physical therapy in Ukraine.

Key words: first experience of administering, clinical and practical skills, competencies, students, surveys
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AHoOTALA
BitomcbKuii B.B., KnasiHa A., Mpyra M.P., Monik Bb., MaBpenioKk C.B., PeknaiitieHe [., J/lazapeBa O.b.,
KoBenbcbKa A.B., Biromcbka M.B., Mopryneu-Agamosud H., Kok Hr, Mo3apiexe 0., Kamna M.
CnpuUNHATTA cTyAeHTaMM marictpatypu pisMuHoi Tepanii Ta eksaameHaTopamm 06'€eKTUBHOTO CTPYKTYPOBaAHOrO
KNiHIYHOro eksameHy: 3BOPOTHUM 3B'A30K ANA NOKPaALLEHHSA npouecy.
Merta: NpoBecTU aHani3 NepLIoro AOCBiAY NPOBeAEHHsA 06’EKTUBHOMO CTPYKTYPOBAHOro KAiHiuHoro icnuty (OCKI)
Y BUNYCKHUMKIB MaricTepcbkoi nporpamu 3 ¢pisnyHoi Tepanii y HauioHanbHomy yHiBepcuTeTi Gi3nyHOro BUXoBaHHA
i cnopTy YKpaiHu.
Marepian Ta meTogu. Y onuTyBaHHI NPUIMHAAM y4acTb 21 ek3ameHaTop Ta 46 cTyaeHTiB. AHKeTa CKlaganach 3
3anuTaHb, KOTPI OLiHIOBANN AKICTb OCHALLLEHHA CTAHLiA, 3p03YMiNicTb popMaTy EK3aMeHy, a TAaKOXK iHLWI aCNeKTU.
Pe3ynbTaTtu. Yci BMKAa[adi NoBigoMUAN Npo NOBHY 3p03yminicTb dopmaTy eKksameHy, ane avwe 13 (61,9%) 3
HUX BiA3HAUYMAM aHANOTYHWIA piBEHb 3PO3yMINOCTI ANA CcTyaeHTiB. EK3ameHaTopu BMAIAMAM TPU OCHOBHI
MPUYMHN HEBAANNX CNPOD BMKOHATU HAaBWMUKY/3aBAaHHA: HEAOCTaTHA MiAroTOBKa, HOBMIM GpopmaT nepesipKu
3HaHb/eK3amMeHy, Jewo iHWa CnpAMOBaHICTb MiArOTOBKM MpM HaB4yaHHi. Posnogin siganosigen wono
3po3yminocti GopmaTy eKk3ameHy Ta 3aBAaHb CTyAeHTaMM CTaTUCTUYHO He Bigpi3HANACA y ONUTYBaHHI CTYAEHTIB
Ta BMKNagadie. MepeBarkHa BinblWicTb BUKNa4auiB BKa3ana, WO HaBUUYKM BYyaM AOCTAaTHBLOT BaXKKOCTI A1 METU
eKk3ameHy. M’ATb BMKNAZAYiB ManM 3HAYHi CKAAAHOCTI 3 OLJHIOBAHHAM BWMKOHAHHS HaBMYKW 33 HaJaHUM
6naHKOM, CiM — y HEe3HauHin Mipi, iHWi He Manu cKknagHowwiB. BinblicTb CTyAeHTIB Big3HauYMNa, WO KiNbKicTb
CTaHLUii i obnagHaHHA 6yAM AOCTaTHIMM (CTAaTUCTUYHMX BigMiHHOCTEW MiXK BigNoBiAAMM CTYAEHTIB Ta BUKNa4auiB
He BCTAHOB/IEHO).
BucHoBKKu. poBegeHe ONUTYBAaHHA BUABUIO HEOOXiAHICTb MEBHWX 3MiH O71aHKy OLiIHIOBAaHHA, OCBITHbOI
nporpamu, NpoBeAeHHA cnewiasbHUX NigroTOBYMX 3aHATb ANA CTyAeHTiB. OTpUMaHi pe3ynbTatv MOXKyTb ByTH
BMKOPUCTaHI An1s NokpaleHHA po3pobku OCKI y ranysi ¢pismuHoi Tepanii B YKpaiHi.
Knwuosi cnoBa: nepwnii 4ocBig agMiHICTPYBaHHA, KNiHIYHI Ta MPaAKTUYHI HaBUYKKU, KOMNETEHLUii, CTYAEHTH,
ONUTYBAHHA

AHHOTAIIUA
Butomckuii B.B., KnasuHa A., Mpyra M.P., Monuk b., laspenioK C.B., PeknaiitTuene [., /lazapesa E.b.,
Kosenbckas A.B., Butomckasa M.B., Mopryneu-Aaamosuu H., Ksok Hr, Mo3sapueHe 10., Kamna M.
Bocnpusatne cTyAeHTaMM Maructpatypbl ¢usnMyeckoid Tepanuum U 3K3ameHaTopamu O6bLEKTUBHOrO
CTPYKTYPUPOBAHHOIO KAMHUYECKOrO 9K3ameHa: obpaTHas CBA3b A48 yAydLUeHUA npouecca.
LUenb: npoBectM aHanu3 NepeBoro OnbiTa MPOBeAEHMA OOBEKTUBHOIO CTPYKTYPUPOBAHHOIO KAMHUYECKOrO
sk3ameHa (OCK3) y BbINYCKHMKOB Marmctepckoi nporpammbl no ¢usmMyeckoin Tepanuu B HaumoHanbHOM
yHuBepcuteTe GM3MYECKOro BOCMMUTaHUA M CNopTa YKPauHbl.
Matepuan u metoapl. B onpoce npuHaAn yyactme 21 sk3ameHaTop u 46 cTyaeHToB. AHKETa BK/toYana B cebn
BOMPOCHI, OL,EHMBAIOLIME KAYyeCcTBO OCHALWLEHWUA CTaHUMM, NOHMMaHue dopmaTa 3K3aMeHa, a TaKKe Apyruve
acneKThbl.
Pe3synbTatbl. Bce npenogasaTenu coobLWMAN O NOSHOM NOHUMaHUK GopMaTa 3K3aMeHa, HO ToNbKo 13 (61,9%)
M3 HUX OTMETMUIM aHANOMMYHbIN YPOBEHb MOHMMAHWSA A5 CTYAEHTOB. IK3aMeHaTopPbl BblAE/IUAN TPU OCHOBHblE
NPUYMHBbI HeyAa4YHbIX NOMbITOK MNPOAEMOHCTPMPOBATb HABbIKM: HEAOCTATOYHAA MOATOTOBKA, HOBbIM dopmat
NPOBEPKM 3HAHMIN/3K3ameHa, HECKOIbKO MHasA HanpaBieHHOCTb NOATOTOBKM Npu obyyeHuun. PacnpeaeneHune
OTBETOB MO MOHMMAHWUIO popmMaTa 3K3aMeHa M 3afay CTyAeHTaMW CTaTUCTUYECKM He OT/IM4anocb B onpoce
CTYAeHTOB M npenogasaTeneit. MNogasnstowee 6ONbLWMHCTBO NMpernogasaTtesieil yKasaim, YTo HaBblKM Oblan
OOCTAaTOMHO CNOXKHbIMU A1A Lenel 3K3ameHa. MATb npenogaBatesied UMenn 3HauYMTesNbHble CAOMKHOCTU C
OLLeHKOM BbIMONHEHWUA HaBbIKa MO NpeAoCcTaBieHHOMY 61aHKy, CeMb — B HE3HAUUTE/IbHOM CTENEHMU, Apyrme co
C/IOXKHOCTSIMW HE CTONIKHY/IMCb. BONbLUMHCTBO CTYAEHTOB OTMETM/IO, YTO KOJIMYECTBO CTaHLMN 1 06opyaoBaHUS
6bIN0  [OCTAaTOYHLIMKM  (CTAaTUCTUUECKME OTAMUMA MEXKAY OTBEeTaMW CTYLEHTOB W npenogasaTeneli He
YCTaHOB/IEHbI).
BbiBoAbl. MpoBeAeHHbIN ONPOC yKa3an Ha HEOBXOAMMOCTb OnpeseneHHbIX M3MEHEHUN BaaHKa OLEeHMBaHUSA,
obpasoBaTe/IbHON MNpPOrpaMmmbl, NPOBEAEHMA CMeuMasbHbIX MNOATOTOBUTENbHbLIX 3aHATUIA AONA CTYAEHTOB.
Mony4yeHHble pe3yibTaTbl MOTYT MCMNO/L30BATLCA ANA yAydlleHUa paspabotkm OCKU B obnactm dumsmnuyeckom
Tepanuu B YKpauHe.
KnioueBble cnoBa: nepsblii ONbIT aAMUHUCTPUPOBAHUA, KNMHUYECKUE U NPAKTUYECKME HAaBbIKU, KOMMNETEHLUN,
CTYAEHTbI, ONPOCHI
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Introduction results in improved feedback to students and staff
[16].

healthcare reform, which includes developing a
strategy to change the medical education system. The
latter involves, among other things, adjusting of
educational and professional training programs for
physical therapists to European practice. Ukraine has
been providing educational programs in physical
therapy since 2017. However, they do not meet the
requirements of the European Region of the World
Confederation for Physical Therapy [1]. Improving
training quality is a very important issue since
physical therapy involves a wide range of patients
with various disorders of the nervous [2,3],
musculoskeletal [4,5] and cardiovascular systems [6-
9], as well as congenital pathologies [10].

One of the fitting criteria is a mandatory

certification of the students enrolled in the master’s
academic program and majoring in “22 Health
care” branch of knowledge, carried out in the form of
a unified state qualification exam (USQU). It consists
of an integrated test-based exam "KROK"; Objective
Structured  Clinical ~ Examination  (OSCE);
International Foundations of Medicine Examination;
the English Language Proficiency Test [11].
The procedure of administering the unified state
qualification examination for the students enrolled in
the master’s academic program and majoring in “22
Health care” branch of knowledge was approved by
Resolution of the Cabinet of Ministers of Ukraine of
March 28, 2018 No. 334 [11]. The Ministry of Health
of Ukraine developed the Procedure, terms and
timeframe for USQU  development and
administration as well as result assessment criteria
for the USQE components [Ommoka! HMcTounnk
CCHUIKH He HaiiieH.2].

OSCE was hypothesized by Harden in the
1960s, first reported in the British Medical Journal
[13] and introduced in 1975 [14]. Thereafter, it has
been used as a valuable tool to assess students'
clinical skills in medical, dentistry, nursing and
pharmacology schools around the world [13]. Being
the model for assessing results in a number of
medical professions OSCE is a type of examination
that provides students with a series of scenarios or
stages, each including a standardized task which
should be performed within a specific timeframe,
often involving interaction with a standardized
patient or other types of models [15].

Students rotate round the stations where they
perform certain practical tasks, being observed and
scored by the examiners according to the checklist.
The examination is more objective, and grading
strategy is determined in advance. The examination
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address are validity for clinical skills, not just for
knowledge; high reliability; fairness to students;
compliance with learning objectives; possibility to
create in medical universities using existing or
available technologies [15].

The aim of the examination is to conduct an
observational pseudo-quantitative assessment of
students’ clinical skills and competencies in a
standardized, simulated environment before they
proceed to a clinical internship. The standardized
nature of OSCE is aimed to provide a possibility to
determine whether a trainee has reached the
threshold level of competence that will ideally ensure
safe and effective practice in real-life environment.
However, students describe OSCE as one of the
aspects of their physical therapy training that is of
most anxiety [17].

In September 2019, the National University

of Ukraine on Physical Education and Sport
(NUUPES) started implementation of a pilot
master’s degree program in specialization 227.1
"Physical Therapy" for the second (master’s) level of
higher education within the project "Innovative
Rehabilitation Education — Introduction of new
master’s degree programs in Ukraine" (REHAB) No.
598938-EPP-1-2018-1-LV-EPPKA2-CBHE-JP  of
the Erasmus+ program, funded by the European
Union. During May 20-25, 2021, its graduates (77
students) passed the pre-pilot version of OSCE.
Six testing stations were equipped (physical therapy
for the diseases of the nervous system, physical
therapy for the diseases of the musculoskeletal
system, assessment methods in neurology and
orthopedics). The duration of one station was 6
minutes; transition time was 30 seconds. Six students
were evaluated within one station. Twenty-one
examiners and 18 standardized patients were trained
and involved in the evaluation process. Task
performance was assessed according to the
developed checklist and 24 competencies, grouped
into the following categories: communication skills —
4, ethic skills — 4, demonstration of knowledge and
skills —10, ability to interpret collected data correctly
— 6. Each of the competencies was graded according
to the developed checklist. Maximum score for
demonstrating one skill was 20 points.

Purpose: to analyze the first experience of
administering OSCE for the students enrolled in the
master's degree program majoring in physical
therapy at NUUPES.
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Material and Methods
Participants

The survey included 21 examiners (Six
examiners were PhD and one was a Doctor of
Science; two examiners were Associate Professors
and one was a Professor) and 46 students involved in
OSCE administering. Participants of the research
signed an informed consent form. The research was
approved by the University Ethics Committee (Ne
2/2020).

Procedure

The survey was conducted with the help of
online service "Google Forms". The questionnaire
consisted of the questions assessing the quality of
station equipment, clarity of the exam format,
compliance of the behavior of standardized patients
with the tasks, as well as other aspects of the exam
administration.

Statistical Analysis

The obtained results were processed by
means of mathematical statistics using IBM SPSS
Statistics 21 application. Since the results did not
correspond to the law of normal distribution,
calculations included measuring median value (Me)
and upper and lower quartiles (25%; 75%), as well as
mean value and standard deviation (M+SD). Taking
into account its specifics, the survey included
frequency analysis and determining proportions of
the patients according to their answers to the
guestions. Chi-square test ()% nominal and ordinal
variables) and Mann-Whitney U test (quantitative
indicators) were used to compare the groups' answers
to similar questions.

Results

Consider the results of surveying the
examiners. Their academic experience varied from
one to 22 years. M£SD values comprised 7+6.39
years, Me (25%; 75%) indicators were 4 (2; 11)
years, which indicates that both young and
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experienced specialists were involved in the study. It
should be noted that apart from academic activities
all the young specialists dealt with practical activities
of physical therapy with patients of different
nosological groups. Examination administration
received 8.85+1.33 points on a ten-point scale from
the examiners, with Me (25%; 75%) indicators being
9 (8; 10) points.

The vast majority of the examiners noted that

the video camera did not distract them (90.5%) and
the students (85.7%). Other examiners chose the
answer "partially”. The largest share of the examiners
(71.4%) noted that the room where the examination
was conducted met the necessary requirements. Four
respondents informed of partial compliance with the
requirements, whereas two of them denied any
compliance.
All the examiners informed of total clarity of the
examination format, but only 13 (61.9%) of them
noted a similar level of clarity for the students. Eight
examiners (38.1%) noted partial clarity of the format
for the students.

Nineteen examiners (90.5%) reported that
the format of the tasks was totally clear to them,
while the others noted that it was partially clear.
Eleven respondents (52.4%) thought that the format
of the tasks was completely clear to the students, nine
examiners (42.9%) noted that it was partially clear
and one of them stated that the format was not clear.

The same shares of the examiners rated the

attitude of the students to the examination as
good/with interest and uncertain (47.6%), and only
one respondent chose a negative attitude.
The vast majority of the examiners (71.4%) reported
that they were not distracted by extraneous noise or
interference, while others indicated that this was rare.
A similar question, but concerning the students,
received similar answers — 71.4% and 28.6% of the
respondents, respectively. The answer options
"often" and "constantly" were not chosen by any of
the respondents.

The average score of tasks/skills
performance by all the students was evaluated by the
examiners at the level of 60.71+£21.05 points on 100-
point scale; Me (25%; 75%) indicators comprised 65
(40; 75) points. At the same time, the examiners
identified three main reasons for unsuccessful
attempts to perform a skill/task (Fig. 1).
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Fig. 1. Main reasons for unsuccessful attempts to perform a skill/task by the students in the opinion of the
examiners

Almost a quarter (23.8%) of the respondents
noted that the number of stations (examination
tasks) should be increased, while the others
considered it sufficient. All the examiners informed
of the relevance of the skills that were selected for
the examination.

Eleven respondents noted that the

equipment of the stations was sufficient to perform
the skill, while the other ten considered it necessary
to increase its number.
A number of questions concerned the patient model.
Sixteen (76.2%) examiners considered it totally
possible for a student to perform the skill on a
standardized patient, while the others chose the
answer "partially".

The examiners noted that the standardized
patient should be given better and more specific
instructions on complaints and medical history
(including their absence) — 90.5% of responses, the
need to indicate in the medical history
counterindications to perform the skill — 66.7%,
testing conditions (inpatient, outpatient admission) —
57.1%, following only student's instructions (because
the standardized patient could perform the skill
correctly, although the student provided vague
explanations) — 76.2%.

Ten examiners indicated that the assigned
time was sufficient to perform all the skills. A similar
proportion of the respondents answered "enough
time for most of the skills", only one respondent
chose "enough time for half of the skills".

The vast majority of the respondents (81%)
indicated that the skills were of sufficient difficulty
for the purpose of the examination. The answers "not
difficult enough” and "too easy" considering the
purpose of the examination were chosen with the
same frequency (9.5%).

Almost all the examiners noted that they
were not biased against the students during the
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examination (90.5%). Only two teachers chose the
answer "biased to a certain extent".

Five examiners had significant difficulties
assessing skill performance according to the
provided form, while seven of them had slight
difficulties and the rest had no difficulties.

In addition, the examiners were inquired
about the need for additional instructions on
assessing skill performance according to the
provided form in a specific situation. Thirteen
respondents (61.9%) confirmed the need for
additional instructions in a situation where the
student performed a skill not specified in the task, but
did it properly and in accordance with the assessment
purpose (e.g. assessment of strength, stamina, range
of motion, pain); 38.1% of the respondents — in a
situation where the student performed a skill not
specified in the task and not in accordance with the
assessment purpose, but did it properly; 47.6% —
when the student performed a specified skill, but
partially (only on one side or limb, during
insufficient amount of time); 33.3% — when the
student explained how to perform the skill, but was
distracted by talking to the patient and did not
perform it.

Besides, the examiners were inquired about
the need to change the form of skill assessment. The
majority of the respondents (57.1%) confirmed that
the first assessment unit (communication skills)
should be left unchanged. Other respondents chose
the answers "to reduce the number of grades from
4 to 2" (14.3%), "to reduce the number of grades
from 4 to 1" (14.3%), "to reduce the number of
grades and change the form™ (14.3%). None of the
respondents chose the options "to increase the
number of grades" and "to delete the unit". Open-
ended questions in the first assessment unit
included recommendations and comments
concerning the fact that the form should include
only those communication skills that are necessary
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to perform the skill; these skills should be taught
and assessment points should be explained to the
students; the purpose of the examination is to assess
students' practical skills, therefore this unit is not a
key one.

The majority of the respondents (57.1%)
confirmed that the second assessment unit (ethic
skills) should be left unchanged. Other respondents
chose the answers "to reduce the number of grades
from 4 to 2" (19%), "to reduce the number of grades
and change the form" (14.3%), "to delete the unit"
(4.8%), "task format does not always enable to assess
ethic skills” (4.8%). None of the respondents chose
the options "to reduce the number of grades from 4
to 1", "to increase the number of grades™ and "to
combine the unit with the first one".

Open-ended questions in the second
assessment unit included recommendations and
comments concerning the fact that the form should
include only those ethic skills that are necessary to
perform the skill; ethic skills should be taught and
assessment points should be explained to the
students; this unit should be assessed directly in a
medical institution, rather than automatically
completed at the examination.

The majority of the respondents (61.9%)

(demonstration of knowledge and skills) should be
left unchanged. Other respondents chose the answers
“to reduce the number of grades” (9.5%), “to reduce
the number of grades and change the form” (14.3%),
“to increase the number of grades” (9.5%), “to
change the content of grades to make them more
objective” (4.8%).

Concerning the fourth unit (the ability to
correctly interpret the collected data), the same
shares of the respondents (33.3%) chose the answers
"to leave the unit unchanged" and "to reduce the
number of grades and change the form". Other
respondents chose the answers "to reduce the number
of grades” (19%), "to increase the number of grades”
(4.8%), "to delete the unit" (9.5%).

Sixteen examiners noted they did not interfere with
the skill performance.

Consider the results of surveying the
students. The group involved 54.3% of males. The
age of the students ranged from 21 to 43 years.
M=SD indicators comprised 26.8+6.25 years, and
Me (25%; 75%) indicators were 24 (23; 27.5) years.
The distribution of answers concerning the clarity of
the format (¥>=2.243, p=0.326) of the examination
and its tasks (y*>=1.411, p=0.494) provided by the
students did not differ statistically from those
provided by the teachers (Fig. 2).
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Fig. 2. Distribution of students’ and examiners’ answers concerning the clarity of the formats of the
examination and the tasks to the students

The students rated the performance of
tasks/skills at the level of 79.57+13.24 points on 100-
point scale; Me (25%; 75%) indicators comprised 80
(70; 90) points. The assessment of the students was
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statistically higher than that of the examiners (Z=-
3.479, p=0.001).

The majority of the students (69.6%) noted
that the number of stations was sufficient. The same
shares of the students indicated that the number of
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stations should be increased (15.2%) and decreased
(15.2%). No statistical differences were determined

between the answers of the students and the
examiners (Table 1).

Table 1
Comparison of answers to question about the number of stations
Answers Groups : Total x> p
students examiners
need to reduce 7 0 7
enough 32 16 48
need to increase 7 5 12 0.144 0.052
Total 46 21 67

The largest share of the students (58.7%)
noted that the equipment of the stations was

necessary to reduce its amount. No statistical
differences were determined between the answers of
the students and the examiners (Table 2).

sufficient to perform the skill. The need to increase
the amount of the equipment was chosen by 39.1%
of the students, while the rest of them considered it
Table 2
Comparison of answers to question about the amount of equipment in stations

G
Answers roups . e 2 b
students examiners
need to reduce 1 0
enough 27 11 38
need to increase 18 10 78 0.806 0.668
Total 46 21 67

Sixteen students (34.8%) considered it
possible to perform the skill on a standardized
patient. The answer "partially" was chosen by
45.7% of the students, "impossible™ — by 4.3%,
while the other 15.2% confirmed that the patient
distracted/prevented them from demonstrating the
skill.

Almost half (47.8%) of the students noted
that the assigned time was enough to perform all the

skills; 21.7% of them chose the answer "enough to
perform most of the skills"; 17.4% — "enough to
perform half of the skills"; 6.5% — "not enough to
perform most of the skills"; 6.5% — "not enough to
perform all the skills". No statistical differences
were determined between the answers of the
students and the examiners (Table 3).

Table 3
Comparison of answers to question about the amount of time to complete tasks
Answers Groups - Total X2 p
students examiners
enough to perform all the skills 22 10 32
enough to perform most of the skills 10 10 20
enough to perform half of the skills 8 1 9
not enough to perform most of the 7.686 0.104
. 3 0 3
skills
not enough to perform all the skills 3 0 3
Total 46 21 67

Concerning the performed skills, 19.6% of
the students informed of the absence of skills that
were not taught within their bachelor's and master's
degree programs. 37% of the students chose the

69

answer "a small number of the skills"; 19.6% — "a
half of the skills™; 19.6% — "majority of the skills";

4.3% — "all the skills were not taught".
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The vast majority of the students (71.7%)
noted that the skills were difficult enough for the
purpose of the exam. The answer "not difficult
enough” was chosen by 21.7% of the respondents,
and "too easy" — only by one student. Two students

(4.3%) considered the skills too difficult to perform.
No statistical differences were determined between
the answers of the students and the examiners (Table
4).

Table 4
Comparison of answers to questions about the complexity of exam tasks
Answers Groups - Total X p
students examiners

difficult enough 33 17 40
not difficult enough 10 2 12
too easy 1 2 3 4.018 0.206
too difficult to perform 2 0 2
Total 46 21 67

The majority of the students noted that they
were not biased during the exam (54.3%). 39.1% of
the students were biased to some extent, while the
others were strongly biased.

Discussion

The obtained results can be used to improve

the development of a standardized OSCE in physical
therapy in Ukraine and to elevate the integrity of
future surveys of students and teachers. The study
was limited by the amount of samples that can be
increased in  further studies to improve
generalizability of the results.
It was previously reported that feedbacks from
students and teachers are invaluable and contribute to
a critical review and modification of the content of
OSCE stations and carrying out expert examination
[14]. According to the surveys, OSCE is positively
perceived by most students [18-20]. One of the
previous studies showed that OSCE is perceived as a
fair assessment tool by both students and teachers
[13].

The results of the survey confirmed the need
to improve the format of assessing students’ skill
performance. The difference between assessment
results of the examiners and the students, as well as
the level of understanding of the format of the
examination and the tasks emphasize the need for
administering special training courses or classes for
students, implementing changes in the educational
curricula. On the other hand, this difference can be
explained by the results of the previous studies where
students reported that OSCE is more difficult 1
[14,21] and more honest [14] than the usual teacher
assessment (Clerkship ratings).

In terms of simplifying the assessment, we
should note its specifics in one of the studies: the
results of students’ performance were assessed

70

according to the criteria for each station (the validity
and content of each checklist were established by a
group of senior pediatricians through conducting a
review and reaching a consensus); criteria-based
scoring was used, with each checklist item being
rated as O (omitted, incorrect or inadequate) or 1-2
(correct or adequate) [14].

The presented results confirm that the
majority of the examiners and the students believed
that there was enough time to perform all or most of
the skills. Only a few students noted that there was
not enough time to perform all or most of the skills.
One of the previous studies [14] stated that faculty
members considered that students’ concerns about
the distribution of time at the station and the degree
of stress were caused by insufficient preparation for
the exam, especially in competencies that were not
previously assessed at the "traditional" examination.

At the same time, the obtained results
actualize the issues of task design, clarity of
instructions, and the problem of individual variability
among examiners. In order to make OSCE reliable, it
iS necessary to conduct a thorough review of the
content and design of the tests, training of examiners
and implementation conditions.

A survey conducted in Nigeria confirmed
that 40.4% of the students easily understood written
instructions at OSCE stations; 70.2% of the students
believed that the time allocated to each station was
sufficient. Besides, 56.3% informed that OSCE
enhanced their communication skills; 53% informed
of nervousness caused by OSCE; and 48.3%
expressed concerns about the change of examiners at
the stations. At the same time, only 37.1% of the
students believed that OSCE should be used more
often than other forms of assessment [19].

Conducted in Jamaica among medical
students, OSCE (13 stations) received overwhelming
acceptance in child health with respect to the
comprehensiveness (90%), transparency (87%),
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fairness (70%) and authenticity of the required tasks
(58-78%). However, students felt a strong anxiety
and expressed concerns regarding the ambiguity of
some questions and lack of time to perform a task
[14].

A survey of the teachers who conducted
OSCE for the students of the Department of Internal
Medicine revealed that 80% of the students perceived
OSCE as a better assessment tool than traditional
long/short case exams. A large number of stations
and areas of tasks (nosologies) allowed to identify
weaknesses and explain them by the peculiarities of
training and the prevalence of pathology. It should be
noted that communication skills were assessed at one
of 21 stations (10 history-taking stations, 6 physical
examination stations and 5 data interpretation
stations) [13]. Taking into account the obtained
results and teachers’ comments, the organization of a
specific station for the assessment of communication
skills can result in improving the organization of the
examination on the whole.

One of the studies grouped medical
competencies into six categories: medical
knowledge,  patient  care,  professionalism,

interpersonal and communication skills, system-
based practice, practice-based learning and
improvement [22]. OSCE is considered an important
tool for assessing patient care, interpersonal and
communication skills, and professionalism. It is also
a reliable method of assessing practice-based
learning and improvement, system-based practice,
but not medical knowledge [22, 23]. These data can

also be used to improve examination structure,
namely the number of stations and their content.

Conclusions

Students' feedbacks on the use of tools to
assess their knowledge and skills are of great
importance, being thus an effective method to
improve education system. The survey revealed the
need for introducing certain changes in OSCE
assessment form, conducting special preparatory
classes for students, providing changes in the
educational program. The obtained results can be
used to improve the development of OSCE in
physical therapy in Ukraine, to enhance master's
degree program in specialization 227.1 "Physical
Therapy" at NUUPES and advance its acceptance by
the European Region of the World Confederation for
Physical Therapy.
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Abstract

Purpose: The aim of the work is to study the osmotic stability and morpho-functional features of peripheral blood
erythrocytes of patients with chronic fatigue syndrome depending on the level of exercise tolerance and associated risk
factors. groups of factors that may be the cause, so the development of measures to eliminate them is an urgent
problem today, which requires the development of effective ways to correct chronic fatigue syndrome. It is known that
the peripheral part of erythron actively responds to changes that occur in the whole body after the action of various
factors, including those factors that lead to chronic fatigue syndrome.

Material and methods of research. The examination was performed on the basis of the Department of Vascular
Neurology of the Central Clinical Hospital of Ivano-Frankivsk. The study involved 30 patients aged 55-65 years (mean
age 60.6 + 1.2 years), who were divided into 3 groups: 1 gr. included 10 patients with chronic fatigue syndrome and a
high level of exercise tolerance. The 2nd group included 10 patients with chronic fatigue syndrome and the average
level of exercise tolerance, the composition of 3 gr. included 10 patients with chronic fatigue syndrome associated
cardiovascular pathology (angina pectoris, hypertension) and low exercise tolerance (3 gr.).

Results. It is established that chronic fatigue syndrome proceeds in 3 phases and has natural stages of development
which are characterized by three groups of etiological factors and the corresponding levels of teletransitivity to physical
activity, each of which corresponds to a certain erythrocyte profile and level of osmotic stability of erythrocytes which
are offered to use as prognostic and diagnostic characteristics. chronic fatigue syndrome.

Conclusions. The study of the quantitative composition of peripheral blood erythrocytes and hemoglobin, as well as
their ratio (color index) in patients with chronic fatigue syndrome on the background of low levels of exercise tolerance
revealed a decrease in erythrocytes and hemoglobin by 42% and 25%, respectively, indicating the presence of anemic
hypoxia. 2. In conditions of chronic fatigue there is a decrease in osmotic resistance of erythrocytes, as evidenced by a
decrease in the number of osmotically stable erythrocytes with a gradual decrease in the concentration of NaCl solution
(3.0%; 0.5%; 0.46%; 0.3%).

Key words: chronic fatigue syndrome, exercise tolerance, peripheral blood erythrocytes, osmotic resistance of
erythrocytes
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AHoOTALA
Cepriii /1. Nonenb. CTaH membpaH eputpouuUTie NnepndepUUHOi KPOBi Ntoaelt NOXUAOro BiKy NPU XPOHiUHiA BTOMI i
HU3bKOMY pPiBHi TONIepPAHTHOCTI A0 Pi3SUYHOro HaBaHTaXKeHHA
MeTa: - BMBYMTM OCMOTUYHY CTiKicTb i Mopdo-dyHKLUioHaNbHI 0cOBAMBOCTI epuUTpouMTiB nepudeprnyHoi Kposi
NaLieHTIB 3 CUHAPOMOM XPOHIYHOI BTOMW B 3aNEXKHOCTI Bifg, PiBHA TO/NEPAHTHOCTI A0 ¢i3MYHOro HABAHTAXKEHHA Ta
acoLioBaHUX 3 CUHAPOMOM XPOHIYHOI BTOMMU aKTopiB pU3MKYy. [nA CMHAPOMY XPOHIYHOI BTOMW XapaKTEPHUM €
HanABHICTb AeKinbKox ¢a3 nepebiry i Tpbox rpyn GpakTopiB, AKi MOXKYTb BYTM MOro NpPUYMHO, TOMy po3pobKa 3axoais
ANna X HiBENOBAHHA € aKTyasibHOIO MPo6/1IeMoto CbOroAeHHA, AKA NOTPebye Po3pOobKM edeKTUBHUX LWIAAXIB KOPEKL,i
CUHAPOMY XPOHiYHOI BTOMU. Bigomo, wo nepmudepmnyHa YacTMHa epuUTPOHY aKTUBHO pearye Ha 3MiHu, AKi BiabyBaloTbca
B LinicHOMY opraHi3mi nicaa aji pisHux pakTopis, B TOMY YmcAi i Tux paKTopis, AKi BeAyTb 40 CUHAPOMY XPOHIYHOT BTOMMU.
Marepian i metogu. O6cTerkeHHA NpoBOAMAKN Ha 6a3i BigaineHHA cyauHHOT HeBposorii LLeHTpanbHOT KAiHIYHOT nikapHi
M. IBaHO-DpaHKiBCbKa. B gocnigykeHHi npuiimanu yyactb 30 nauieHTiB Bikom 55-65 pokis (cepeaHiit Bik 60,6+1,2 poku),
AKMX NOAINMAKM Ha 3 rpynu: Ao ckaagy 1 rp. Beivwan 10 nauieHTie 3 CXB i BUCOKMM piBHEM TONIEPAHTHOCTI A0 ¢i3nyHOro
HaBaHTaxeHHA. [lo cknagy 2-oi rpynu BBiMwAM 10 nauieHTIB 3 CMHAPOMOM XPOHIYHOI BTOMM i cepedHim piBHEM
TONEPAHTHOCTI A0 i3NYHOro HaBAHTAXKEHHA, A0 CKAagy 3 rp. BeiMwAM 10 nauieHTiB 3 acouiMOBAHO 3 CUHAPOMOM
XPOHIYHOT BTOMM CepLEBO-CYAUHHOO MNaTOJIOrED (CTEeHOKapAia Hanpy)KeHHsA, apTepiasibHa rinepToHisn) i HU3bKUM
piBHEM TONEPAHTHOCTI A0 Gi3UYHOrO HaBaHTaXKeHHs (3 rp.).
Pe3ynbtatn. BctaHOBNEHO, WO CMHAPOM XPOHIYHOT BTOMU nepebirae y 3 ¢pasn i mae 3aKOHOMIpPHI eTanu po3BUTKY, AKI
XapaKTepm3yTbCA TPbOMA rpynamu eTionoriyHnx GakTopis i BigNOBIAHMMM PIBHAMM TeNepaHTHOCTI Ao ¢isnyHoro
HaBaHTaXKEHHA, KOMEeH 3 AKMX BiAMNOBiAAE NEBHOMY epuTpouuTapHOMy Mpodinto i PiBHIO OCMOTUYHOI CTIKKOCTI
epUTPOLMTIB, AKI MPOMOHYETLCA BUKOPUCTOBYBATU B AKOCTi MPOrHOCTUYHO-AIarHOCTUYHUX XapaKTEPUCTUK CUHOPOMY
XPOHIYHOT BTOMMW.
BuUcHOBKKM. [oCnigKeHHA KifbKiCHOrO cKnagy eputpoumTie nepudepuyHoi Kposi i remornobiHy, a Takoxk ix
cniBBigHOLWEHHA (KONbOPOBMIA MOKA3HWK) Y NALiEHTIB MPU CUHAPOMI XPOHIYHOI BTOMWM Ha ¢GOHi HU3BbKOrO PiBHSA
TONEePNHbHOCTI A0 $i3UYHOro HaBaHTAXKEHHSA BUABMJIO 3MEHLIEHHA KiZIbKOCTI epuTpoumTie nepudepmudepmnyHoi Kposi i
remornobiHy BignosiaHo Ha 42 % i 25 % , WO CBiAYMTb NPO HAABHICTb aHEMIYHOI rinokKcii. 2. B ymoBax XpoHiYHOT BTOMM
CMOCTEPIraeTbCA 3HUMKEHHA OCMOTMYHOI PE3UCTEHTHOCTI epUTPOLMTIB, MPO WO CBiAYUTb 3MEHLWIEHHA KiNbKOCTI
OCMOTUYHO CTilKUX epUTPOLUTIB NP MOCTYNOBOMY 3MeHLLEHHI KoHueHTpauii po3umHy NaCl (3,0 %; 0,5 %; 0,46 %;
0,3 %).
Kniouosi cnoBa: CMHAPOM XPOHIYHOT BTOMM, TONEPAHTHICTb A0 Gi3MYHOrO HAaBaHTAXKEHHA, epuUTPoLUTM NnepudbepuyHoi
KPOBi, OCMOTUYHA PE3UCTEHTHICTb EPUTPOLUTIB

AHHaTOLUSA
Cepreii /1. Nonenb. CoctoAaHne memb6paH 3puTpoLUTOB nNepudepuyeckoit KPoBU y Nlogeit NOXKUAOro Bo3pacta ¢
XPOHUUYECKOI YCTaNOCTbIO U HU3KUM YPOBHEM TONIEPAHTHOCTU K GpU3NUECKOI HarpysKe
Uenb: wu3y4yeHMe OCMOTMYECKOW CTabunbHocTM UM MOPPOPYHKLMOHANBbHBIX 0OCOBEHHOCTEN  3PUTPOLUTOB
nepudepmyeckon KPoBu 60NbHbBIX C CUHLPOMOM XPOHUYECKOM YCTaNOCTU B 3aBUCMMOCTU OT YPOBHA TONEPAHTHOCTYU K
du3nyecKol HarpysKe 1 conyTcTyloLLMX GaKTOPOB pUCKa. Fpynnbl GaKTOPOB, KOTOPbIE MOTYT BbITb MPUYMHOM, NOITOMY
pa3paboTKka MeponpUATUI MO UX YCTPAHEHMUIO ABAAETCA aKTyaslbHOM NpobaemMoit Ha cerogHAWHNI AeHb, YTo TpebyeT
pa3paboTkM aPPeKTUBHbLIX CMOCOHOB KOPPEKLMN CUHAPOMA XPOHUYECKON ycTanocTu. U3BecTHO, YTo nepudepuyeckas
YacTb 3PUTPOHA aKTUBHO pearMpyeT Ha U3MEHEHMWs, BO3HUKAlOLMEe BO BCEM OpraHuM3me nocsie AelcTBUA Pas/iIMyHbIX
baKTOpOB, B TOM YMC/Ie TeX, KOTopble NPUBOAAT K CUHAPOMY XPOHUYECKOM YCTaNoCTH.
Matepuan u metoapl uccnegoBaHua. O6cnesoBaHme NPOBOAMAOCH Ha Hase oTAeNeHUs cocyamcTol Hesponorum LIKB
r. UBaHo-PpaHKoBCKa. B nccnesoBaHnm npuHanm yyactre 30 601bHbIX B Bo3pacTe 55-65 neT (cpeaHuii Bospact 60,6+1,2
rofa), Kotopbie 6biau pasgeneHbl Ha 3 rpynnbl: 1 rp. BKAOYEHbI 10 NaLMeHTOB ¢ CMHAPOMOM XPOHUYECKOW YCTaNoCTy
M BbICOKMM YPOBHEM TOJIEPAHTHOCTU K GU3MYECKON Harpyske. Bo 2-to rpynny Bownu 10 60/bHbIX C CUHAPOMOM
XPOHMYECKOM YCTaNoCTU U CPeAHMM YPOBHEM TONEPAHTHOCTU K GU3MYECKOW Harpyske, coctas 3 rp. BKkAouYeHo 10
60NIbHbIX C CMHAPOMOM XPOHWYECKOM YCTanocTM Ha ¢oHe cepAeyHO-CoCcyamcToli MaTonorMm (CcTeHoKapaus,
rmnepToHnYeckan 601e3Hb) U HU3KOW TONEPAHTHOCTbIO K pUsnyeckoi Harpyske (3 rp.).
Pe3ynbTaTbl. YCTAHOBNEHO, YTO CUHAPOM XPOHUYECKOM YCTAaNOCTU NpoTeKaeT B 3 dpasbl U UMEET 3aKOHOMEpPHbIe 3Tanbl
pa3BUTUA, KOTOPbIE XapaKTepusyloTca TPema rpynnamm 3TMOAOrMYeckuX GaKTOPOB M COOTBETCTBYIOWMMU YPOBHAMMU
TENeTPaH3UTUBHOCTM K GpU3MUECKON Harpy3Ke, KarKaan U3 KOTOPbIX COOTBETCTBYET ONpesesieHHOMY 3pUTPOLUTAPHOMY
NPoduUI0 U YPOBHIO OCMOTUYECKOW YCTOMUYMBOCTU. SPUTPOLIUTOB, KOTOPbIE MpeasaraeTca UCMO/b30BaTb B KavecTse
NPOrHOCTUYECKU-AMArHOCTUYECKUX NPU3HAKOB CMHAPOMA XPOHUYECKOM YCTaNoCTu.
BbiBOAbI. V3yyeHWe KO/MYECTBEHHOrO COCTaBa 3PUTPOLIUTOB M remornobuHa nepudepuyeckoi KpoBK, a TaKKe MX
COOTHOWeHMA (uBeToBOM NokKasaTtesb) y BONbHbBIX C CUHAPOMOM XPOHUYECKOW YCTasoCTU Ha GOHEe HU3KOTO YPOBHA
TONEPaAHTHOCTM K (M3MYECKOW HarpysKe BbIABUAO CHUMEHME 3SPUTPOLMTOB U remornobuHa Ha 42% u 25%.
COOTBETCTBEHHO, YTO CBUAETENbCTBYET O HAIMYMU aHEMUYECKOM TMMOKCUU. 2. B yCNOBUAX XPOHMUYECKOTO YTOM/IEHUA
NPOUCXOAMUT CHUMKEHME OCMOTUYECKON PE3UCTEHTHOCTM 3SPUTPOLMTOB, O Yem CBUAETE/IbCTBYET YMeHblueHue
KOZIMYECTBA OCMOTMYECKU CTABUABbHBIX 3PUTPOLMTOB MPU MOCTENEHHOM CHUMEHUU KOHUeHTpaumm pacteopa NaCl
(3,0%; 0,5%; 0,46%; 0,3 %).
KnioueBble cnoBa: CUHAPOM XPOHUYECKOW YCTaNOCTW, TONEPAHTHOCTb K (U3MYECKOW HarpysKe, 3spuTPOLUTDI
nepudepryeckon KPoBU, OCMOTUYECKAA PE3UCTEHTHOCTb SPUTPOLUTOB
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Introduction

At present, the problem of chronic fatigue
and low tolerance to physical activity is acute all over
the world. This is facilitated by the instability of the
social situation, the economic crisis, changes in the
system of personal values, and environmental factors
(global warming). The total number of people with
chronic fatigue syndrome reaches 200 million or 5%
of the world's population [1]. The main "risk group"
of people with low tolerance to physical activity
includes young people and adolescents with chronic
fatigue syndrome [2]. The constant accumulation of
deoxidized substances in the body due to lipid
peroxidation in chronic fatigue syndrome stimulates
the launch of various pathological reactions affecting
metabolic processes, leading to the development of
cardiovascular disease and causing low tolerance to
exercise. According to the World Health
Organization (WHO), the clinical manifestations of
chronic fatigue syndrome are: muscle and joint pain;
fatigue after waking up, which indicates the lack of
regenerative properties of sleep; constant headache;
deterioration of health, which lasts for 24 hours after
exercise, impaired concentration and memory;
"Blurring" of vision; problems with the vestibular
apparatus. The multifunctional role of peripheral
blood erythrocytes in the mechanisms of adaptation
to physical activity and compensation of negative
consequences in hypoxia, gas transport processes and
other vital functions explains the high
informativeness of the results of studying structural
and functional changes in these cells in various
human conditions. At the same time, the enzyme
regulation of the processes of formation and
destruction of hydrogen peroxide (H02) in
peripheral blood erythrocytes is an insufficiently
studied aspect of hypoxia. Taking into account the
data on the direct participation of reactive oxygen
species and hydrogen peroxide (O, H.0;) and
enzymes of the antioxidant defense system:
superoxide dismutase (SOD) and catalase (CAT) in
the oxygenation of hemoglobin [3, 4], is of interest
changes in the activity of these enzymes, aimed at
improving the structural and functional value of
erythrocytes of peripheral blood, necessary for
adequate transport of oxygen during exercise in
chronic fatigue syndrome.

Chronic fatigue syndrome is diagnosed after
6 months of clinical signs. The disease is divided into
3 phases:

* Prodromal phase: which is characterized by
symptoms of chronic fatigue, manifested by physical
and mental exhaustion. At this stage, the patient can
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get rid of chronic fatigue syndrome by changing their
lifestyle.

* Acute phase: characterized as a disease of systemic
intolerance to physical activity or low tolerance to
physical activity. The inability to get out of bed is
compounded by impaired thinking and
concentration. Characteristic attacks of panic and
depression.

* Recovery phase: during which the patient tries to
return to normal life, feeling tired and weak.
Etiology of the disease. The causes of chronic fatigue
syndrome are classified into three groups: the first
group includes psychological problems. These are
stressful situations, outbursts of strong negative
emotions and depression. The second group includes
somatic health problems, such as: anemia;
malnutrition; hypothyroidism; sleep apnea; diabetes;
adiposity. The third group includes lifestyle
problems: alcohol abuse; hypokinesia; caffeine
abuse; irregular diet. Among the causes of chronic
fatigue syndrome is not the last place overload at
work and work at night. All these factors are
characteristic of the daily professional activities of a
teacher in higher education.

Pathogenesis

At present, the pathogenesis of chronic
fatigue syndrome has not been fully elucidated. The
disease is based on an abnormal level of chemicals
synthesized in the system "hypothalamus - pituitary -
adrenal glands". This system is responsible for
controlling many physiological functions: sleep,
vitality and stress reactions. At the same time,
patients with chronic fatigue syndrome have low
levels of serotonin and dopamine in the body. Signs
of chronic fatigue syndrome often develop after a
violation of the immune system. In general, the
prognosis for recovery is favorable with timely
medical attention. However, in the scientific
literature there are no criteria for this timeliness.

Therefore, there is an urgent need to establish
objective criteria for the course and predict the
treatment of a patient with chronic fatigue syndrome
with professional help. At long action of stress
factors there is a steady disturbance of a metabolism
in an organism which are the reason of many
comorbid diseases and, as a consequence of decrease
in level of protective forces of an organism; the level
of human social activity, his ability to work and the
adequacy of behavior decreases [5].

Under the action of toxic substances,
conditions are created for the intensive formation of
products of lipid peroxidation, which leads to the
development of oxidative stress and, accordingly, to
the peroxide destruction of cell membranes.
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Activation of free radical oxidation processes is the
basis of many pathological processes, and in
particular low tolerance to exercise. It is known that
hypokinesia and hypoxia as constant companions of
chronic fatigue syndrome affect the key stages of
intracellular metabolism and, above all, the processes
of energy metabolism, which relate mainly to aerobic
oxidation of fatty acids and glucose [6]. As a result
of lipophilic effects of lipid peroxidation on cell
structures, the properties of cell membranes, their
liquid crystal structure, viscosity and stability
change, which is especially evident in cells with low
adaptive capacity, such as peripheral blood
erythrocytes. This is accompanied by suppression of
all functions and premature aging of the body.

Erythrocytes of peripheral blood, in close
contact with all tissues and entering into
morphological functional relationships with them,
their own qualitative and quantitative adjustment
reflect the physiological and pathological changes
that occur throughout the body, thus causing the so-
called "exquisite" (reflected) reactions as prognostic
markers for a number of chronic diseases [7].

The aim of the study was to study the
osmotic stability and morpho functional features of
peripheral blood erythrocytes of patients with
chronic fatigue syndrome depending on the level of
tolerance to exercise and risk factors associated with
chronic fatigue syndrome.

Material and methods
Participants

The examinations were performed on the
basis of the neurological department of the Central
Clinical Hospital in Ivano-Frankivsk. The study
involved 30 patients aged 55-65 years (mean age
60.6 + 1.2 years), who were divided into 3 groups: 1
g. included 10 patients with chronic fatigue
syndrome and a high level of tolerance to exercise.
The 2nd group included 10 patients with chronic
fatigue syndrome and moderate tolerance to exercise,
the 3rd group included 10 patients with associated
with chronic fatigue syndrome cardiovascular
disease (stress angina, hypertension) and low
physical tolerance. load (3 group). Among the
patients were 15 teachers of higher education
institutions with at least 15 years of teaching
experience.

All participants were informed about the
purpose of the study and gave written consent to
participate in the study, which was conducted in
accordance with the Helsinki Declaration of the
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WMA - Ethical Principles of Medical Research for
Human Subjects, 2013.

Morpho-biochemical methods of erythrocyte
analysis

Morphological studies of erythrocytes were
performed in a scanning electron microscope "JEOL-
25M-T220A" (Japan) according to the generally
accepted method [3]. Used, where A is the total
number of erythrocytes, B is the number of
irreversibly altered forms of erythrocytes, B is the
number of inversely altered forms of erythrocytes.
The low level of conformational ability of
erythrocytes is determined at values of erythrocyte
deformation index from 1.6 to 2.5, medium - in the
range of 2.6-3.9, high - at 4.0-6.0. To determine the
electrolyte composition of erythrocytes in a muffle
furnace at a temperature of 800 Co ash was 2 ml of
erythrocyte mass. The ash was pressed, after which
the surface of the mold was sprayed with carbon (=10
nm). Determination of erythrocyte concentration of
macronutrients such as sodium (Na), potassium (K),
iron (Fe), magnesium (Mg) and calcium (Ca) was
performed using a computer program "SELMI" and
a prefix for energy-dispersive X-ray microanalysis
EDAR ”On the REMMA-102E scanning electron
microscope (SELMI, Ukraine) with an accelerating
voltage of 20 kV in the energy range from 960 to
19600 kiloelectron-volts (keV). Morpho functional
parameters and osmotic resistance of erythrocytes
(WEM) were studied in the blood, which was
determined by the Janowski microscopic method
using descending (3%, 0.5%, 0.46%, 0.3%)
concentrations of NaCl solution. The number of
peripheral blood erythrocytes was determined in
Goryaev's chamber. The hemoglobin concentration
was determined with a hemometer. Erythrocyte
sedimentation rate was determined by the unified
Panchenkov micromethod [5].

The level of tolerance to physical activity
was determined by cycling ergometry (cycling
ergometer "Kettler" Germany) according to the
PWC100 protocol.

The surface architecture of peripheral blood
erythrocytes was studied using scanning electron
microscopy (SEM) (electron microscope "JEOL 25A
T3225"; Japan) with the preparation of samples
according to the method of Romashchenko O.V.,
V.F. Kamenev [7] and Gl Kozinets and co-authors
[3]. The calculation of different morphological forms
of EPA was performed according to the classification
of GI Kozynets and co-authors [3]. Some of the
studies were performed on a hemoanalyzer (Lab
Analyt30000PIus) (Finland).
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Determination of the  microelement Table 1

composition of EPA (nitrogen, calcium, magnesium)
was performed using energy-dispersed X-ray
structural scanning on the attachment for
microanalysis "EDAR" to the scanning electron
microscope "REMMA 202E" (Sumy, Ukraine)

Determination of erythrocyte deformability
index was performed by the method of C. Tannert, V.
Lux in modification Z.D. ®emoposoii, M.O.
Kotovschikova [8]. Oxygen saturation was
determined by pulse oximetry on a Jziki-Fingertip
oximeter. For the clinical characteristics of patients
with CFS determined the level of overall morbidity,
health self-assessment index; Heart rate at rest and at
FN; double product; stress index (IN); adaptive
potential according to Baevsky [9]; percentage of
excess body weight.

Statistical analysis

Statistical analysis was performed using the
standard software package SAS 8.0 (SAS Inc., USA).
Criteria t and y2 were used. Statistical processing of
guantitative indicators was performed using the
computer software package "Statistica 6.0" [10].
Data are presented as arithmetic mean + standard
deviation (M = SD). The obtained results were not
subject to the law of normal distribution according to
the Kolmogorov-Smirnov criterion, therefore the
statistical significance of the intergroup difference
was estimated using the Mann-Whitney test and the
nonparametric Kruskal-Wallace test using the
nonparametric Spearman correlation coefficient. The
difference was considered statistically significant at
a bilateral level of p <0.05.

To determine the significance of the
influence of qualitative value of the erythrocyte
deformation index on the functional state of the
cardioregulation system, a nonparametric analysis of
variance of heart rate variability was performed [9]
both before and after exercise at maximum aerobic
capacity. The obtained data were subject to
variational-statistical processing by the method of
small sampling [10]. The difference was considered
statistically significant at p <0.05 and below.

Results

The main complaints of patients with CFS
are presented in table. 1
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The structure of complaints in groups of teachers

with chronic fatigue syndrome (%)
Groups
Clinical manifestations Women, n = Men, n =
20 10
Sleep disorders 85.0 14.2*
Impaired short-term
memory and ability to 65.0 35.7*
concentrate
Feeling of constant
unexplained fatigue for 100 100
6 months or more
Depression 65.0 28.6*
Prolonged subfibrillation
(37,2-37,4°C) 85.0 50.0*
Headaf:h.e, mu.scle and 20.0 28.6*
joint pain

Note: * - the difference is probable at p <0.05.

The state of the membrane of destabilizing
processes is characterized by various criteria. This is
primarily the level of functional activity of
endogenous phospholipases and the dynamics of
lipoperoxide accumulation. According to our results,
the severity of membrane destabilizing processes
increases from the minimum values in patients 1 gr.
with a more favorable form of chronic fatigue
syndrome and a high level of tolerance to physical
activity to the maximum level in patients 2 gr. and
patients 3 gr. (with a low level of tolerance to
physical activity on the background of cardiovascular
disease), which is manifested by the expansion of the
hemogram and its change from normal, unimodal
type of hemogram (Fig. 1, A) to bipolar type of
peripheral blood erythrocytes (Fig. 1, B) by their
corpuscular volume, with a significant shift of the
distribution peak to the left (Fig. 1 B). This is closely
correlated (r = 0.93) with the appearance of cells with
irreversibly altered shape among erythrocytes (Fig. 1,
A, B).

It was found that the level of tolerance to
exercise 82% of patients with chronic fatigue
syndrome had low physical performance, which
averaged 0.87 + 0.02 W / kg, which is 25% less than
the reference values. The number of peripheral blood
erythrocytes depends on many factors, the general
mechanism of action of which is expressed in a
hypoxic state. Toxic substances (eg, lipid
peroxidation products) may also be such factors [11,
12].

The results of the studies revealed
significant changes in blood parameters in patients
with chronic fatigue syndrome with a low level of
exercise tolerance (Table 1). There is a decrease in
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the number of peripheral blood erythrocytes by 42%
compared to the reference values of physiological
norm. Erythropenia accompanies the syndrome of
chronic fatigue and is closely correlated (r = 0.87)

with a decrease in hemoglobin to 90+ 8.2 g /1 (Table
1) and with hemogram (Fig. 1).

Fig. 1. A. Acanthocyte (a), erythrocyte with cres (b), erythrocyte with one outgrowth (c), erythrocyte with
dome (e), spherocyte (¢) echinocyte (i) ir. patients 3 gr.
B: the arrow shows the "shadows" of arythrocytes

Table 2
Blood parameters in chronic fatigue syndrome with
low tolerance to exercise compared with reference
data(M+m,n=10

Indexes Physiological Chronic
norm fatigue
syndrome
Erythrocytes (x | 4.5+0.7 2.610.43
10%2/1) P<0.001
Hemoglobin (g/ | 120.0+13.2 90.0+£10.4
1) P<0.001
Erythrocyte 11.4+1.0 9.6x0.4
sedimentation P<0.001
rate (mm / hour)
Color indicator 0.8+0.01 0.89+0.002
P<0.001

Note: P is the degree of probability of the results in
relation to the control

In order to maintain homeostasis, the blood
system responds not only to quantitative but also
qualitative changes in its composition to any
exogenous or endogenous factors [12].

As a result of the study in patients of group 3
with chronic fatigue syndrome with a low level of
tolerance to exercise, specific features of the
indicators of osmotic resistance of erythrocytes were
established. Compared with the physiological norm
with a low level of tolerance to exercise, there is a
decrease in the number of erythrocytes at a
concentration of NaCl 3% by 42.2%, at a
concentration of 0.5% by 28.6%, at a concentration
of NaCl 0.46% - by 46.2% and at a concentration of
NaCl solution of 0.3% by 54.5% (Table 2).

Table 3
Indicators of osmotic resistance in different states of the body
(n=10)
Physiological norm Chronic ToIerar;c;;\t/i physical
Concentration NaCl (the number oferythrocytes) fatigue W/ kg bodyy\;veight
X syndrome
3% 4.540,9 2.60,04 3.0+0.04
0.5 % 2.1+0,6 1.540,8 1.240.8
0.46 % 1.340,1 0.7+0,03 0.5+0.03
0.3% 1.140,2 0.5+0,1 0.5+0.1
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Our data on the decrease in the resistance of
peripheral blood erythrocytes in chronic fatigue
syndrome with low tolerance to exercise can be
explained by the fact that the products of lipid
peroxidation are included in the lipid layer of
membranes, increasing the surface area of
cytoplasmic membrane in erythrocytes. Therefore,
the condition of peripheral blood erythrocytes is a
sensitive indicator of changes in the normal course of
physiological,  biochemical and biophysical
processes in the body, which are due to the influence

of external or internal factors, including physical
factors, which is exercise. Determination of osmotic
resistance of erythrocytes is an important research
method for diagnosis in sports medicine, used to
study the mechanism of pathological processes and
the impact of certain types of exercise [13]. This
changes the biochemical parameters of peripheral
blood erythrocytes (table 1), which is especially
evident when comparing the indicators obtained in
patients with low and high levels of tolerance to
exercise (table 3).

Table 4

Indicators of phospholipase activity a2 and the content of lipid peroxidation products in the erythrocytes of
peripheral blood of patients of group I depending on the level of tolerance to exercise (M + m)

Indicators High level of tolerance

Patients with chronic fatigue syndrome, n=10

to physical activity,
control group

Low level of tolerance to
physical activity (n=5)

Average level of tolerance to
physical activity (n=5)

conventional units

(n=5)
Phospholipases -a2, 4.44+0.22 21.9+1.73%/** 15.1+0.71%*
% hemolysis
diene conjugates, 47.9+1.51 155.7745.5%/** 121.1+2.33%*
nmol -ml
Schiff compounds, 17.89+1.03 29.33+1.11%/** 22.3+1.71*

MpumiTtka:* — BiporigHicTb CTaTUCTUYHOI Pi3Li MiXK NOKa3HUKAMM 3 BUCOKUM i HU3bKMM PiIBHEM TONIEPAHTHOCTI A0

¢disnyHoro HaBaHTaxeHHsn (p<0,05);

** _ BiporigHicTb CTaTUCTUYHOI Pi3Li Mi*K NOKa3HMKAMU 3 BUCOKUM i cepeHim piBHEM ToNepaHTHOCTI A0 ¢isMyHoro

HaBaHTaxeHHsA (p<0,05).

Thus, in patients with chronic fatigue
syndrome, regardless of the level of tolerance to
exercise, there was a multiple increase in the content
of lipid peroxidation products (diene conjugates and
Schiff compounds) and phospholipase-a2 activity

Seo

25KV X1

relative to the control group (p <0.05) with a high
level of tolerance to physical activity, the appearance
of erythrocyte sludges in the form of "coin" columns
and fibrin threads between individual erythrocytes
after exercise (Fig. 2).

10k m a8B88a8as

Fig. 2. Formation of local aggregates in the form of “coin columns” (1) and fibrin threads between individual
erythrocytes in patients of the 3rd group with chronic fatigue syndrome, after bicycle ergometric testing
according to the PWCiq protocol
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At the same time, as the level of exercise
tolerance decreases, the content of lipid peroxidation
products (diene conjugates, Schiff compounds)
naturally increases (p <0.05) and closely correlates (r
= 0.93) with an increase in the number of peripheral
erythrocytes. blood irreversibly changed shape (Fig.
1, B), which can be a prognostically unfavorable
indicator, a reason to see a doctor and a more
thorough examination by a specialist.

Discussion

The idea that the level of physical
performance is related to the main indicators of
health [6, 7, 9], is more confirmed in patients 56 60
years (the correlation coefficient between the level of
physical performance and the overall incidence is
0.345; index self-assessment of health r = -0.399,
heart rate at rest - -0.382, double product 0.371, stress
index r = -0.333, p = 0.001 adaptive potential -
+0.319,% overweight r = -0.539, p = 0.001). In
younger patients 40 to 55 years of age, such a
dependence is absent, except for the relationship
between the level of physical performance and the
degree of risk of cardiovascular disease (r = -0.356,
p = 0.006).

The degree of risk in patients aged 50-65
years is associated with overall morbidity (r =0.311),

health self-esteem index (r = 0.318; p = 0.006), blood
pressure (r = -0.388), double product (r = 0.322 ),
adaptive potential (r = -0.462), the amount of excess
body weight (r = 0.463, volumetric size of the waist
(r=10.311) and pelvis (r = 0.341), as well as the level
of daily motor activity (r = -0.486 ) (p <0.01). This
explains the interdependence of the PWC test with
the level of exercise tolerance in people aged 50-65
years with chronic fatigue syndrome, as in most of
them in the absence of physical activity, when
performing PWC100 loads, active and subjective
signs of inadequate response of the body
(hypertension, incoordination of the cardio-
respiratory system [8], feeling of tension, headache,
dizziness, nausea, discomfort, etc.), which is closely
correlated (r = 0.93; p = 0.006) with increasing
number of irreversibly altered peripheral
erythrocytes blood.

Ignorance of such patterns can lead to

incorrect calculation of maximum physical
performance, its ergometric and metabolic
parameters. This is confirmed by statistical

differences in the main indicators of morpho
functional status, physical performance and
morbidity in patients of different risk groups for the
development of chronic fatigue syndrome and
comorbid diseases [14, 15, 16] (Table 4).

Table 5

Indicators of morpho-functional status of patients 50 to 65 years with varying degrees of risk of
cardiovascular disease (M + m, n = 134)

Indexes Degree of risk
low average high P12 P13 P23

Body weight, kg 67.242.14 | 71.4+3.06 | 98.3#3.17 | <0.05 | <0.05 | <0.05
Body fat, % 15.2+0.28 18.0+0.93 22.5¢1.11 | <0.05 | <0.05 | <0.05
Kettle Index, conventional units 24.9+1.23 28.4+1.46 | 30.5+t1.61 | <0.05 | <0.05 | <0.05
Heart rate, beats / min 71.613.22 72.1+3.35 89.1+5.19 >0.05 | >0.05 | >0.05
Systolic blood pressure, mm Hg 123.744.53 | 124.6£3.72 | 131.649.22 | >0.05 | <0.05 | <0.05
Diastolic blood pressure, mm Hg 76.2+3.16 79.1+3.31 84.7+3.63 <0.05 | <0.05 | <0.05
voltage index, conventional units 111.548.17 | 123.449.02 | 149.949.85 | <0.05 | <0.05 | <0.05
Adaptive potential of the circulatory system to 1.5+0.09 1.6+0.12 1.740.15 >0.05 | <0.05 | <0.05
environmental factors, conventional units
Tolerable level of physical activity, W / kg 1.3+0.05 1.1+0.03 0.84+0.02 <0.05 | <0.05 | <0.05
Oxygen uptake at a tolerable level of exercise, | 35.1+2.03 31.4+1.82 27.7+1.53 <0.05 | <0.05 | <0.05
ml / min / kg
Morbidity: number of days of temporary
incapacity for work 7.8+1.96 9.2+1.44 12.2+2.42 >0.05 | <0.05 | <0.05
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Using data on morphological changes of 3. With chronic fatigue there is a

peripheral blood erythrocytes, we propose to create
an erythrocyte profile of patients to predict the risk
of developing complications associated with chronic
fatigue syndrome, in which the main indicators
should be the level of exercise tolerance based on
erythrocyte deformability index [17-22]. The main
risk factors must also be taken into account (Fig. 5).

Prospects for further research

Further research may be aimed at finding
ways to improve the system of cardiohemodynamic
control of people with chronic fatigue syndrome, and
find measures to prevent and reduce the impact of the
main factors of CFS in people of all ages.

Limitation

The study was conducted among older
teachers, so the data obtained relate only to the
studied contingent. Additional research is needed to
disseminate the data among people of other ages and
social groups, as well as among representatives of
other specialties.

Conclusions

1. The study of the quantitative compaosition
of erythrocytes of peripheral blood and hemoglobin,
as well as their ratio (color index) in patients with
chronic fatigue syndrome on the background of low
tolerance to physical fatigue revealed a decrease in
erythrocytes and hemoglobin by 42% and 25%,
respectively. the presence of anemic hypoxia.

2. In conditions of chronic fatigue there is a
decrease in osmotic resistance of erythrocytes, as
evidenced by a decrease in the number of osmatically
stable erythrocytes with a gradual decrease in the
concentration of NaCl solution (3.0%; 0.5%; 0.46%;
0.3%).

deterioration of membranes in erythrocytes of
peripheral blood, as evidenced by a decrease in their
osmotic stability and increase in the number of
irreversibly altered forms of erythrocytes of
peripheral blood, as well as a decrease in
erythrocytes of peripheral blood, which is closely
correlated with

It should be noted that in different risk
groups of chronic fatigue syndrome differ leading
factors, as well as major comorbid chronic diseases.

1. In the high-risk group, the main factors are
hypokinesia, overweight, hypertension, hereditary
factors; along with diseases of the cardiovascular
system in this risk group revealed chronic fatigue
syndrome associated with chronic diseases of the
endocrine, musculoskeletal and respiratory systems,
which corresponds to the data of other authors.

2. In the group of medium risk the main
factors are: hypokinesia, overweight, nervous and
emotional overload; chronic diseases of the
cardiovascular, nervous system, musculoskeletal
system and senses, combined with a decrease in disc-
shaped erythrocytes of peripheral blood by 35%.

3. Patients in the low-risk group have
virtually no pathogenetic factors in the development
of chronic diseases. Exceptions are only patients with
severe hypokinesia and nervous and emotional
overload, as well as diseases of the digestive system.
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