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Abstract

Background. Nowadays the development of adequate means of effective rehabilitation of athletes’ organism after
training and competitive load is becoming more and more an urgent task of sports training. It is well known that during training
and competitive activity they can reach critical values. Thus, the optimization of the system of complex athletes’ recovery is the
basis for maintaining a high level of working capacity and preventing the negative consequences of overstrain during
training and competitive loads. Objective. This research aims to determine the functional state of the musculoskeletal
system (MSS) of highly qualified football players at the beginning of the 2nd preparatory period of the annual training
cycle. Methods. Analysis of scientific and methodological literature, flexibility testing, stabilometry, methods of
mathematical statistics. Results. It is established that at the beginning of the 2nd preparatory period of an annual preparation
cycle the flexibility indicators’ level of examined athletes were characterized as «low» or «below the average». It is
shown that in this period of the annual macrocycle the high qualified football players’ level of static ability to support
corresponded to the value «average» and «below average», as well as joint mobility indicators. The facts of vestibular
and proprioceptive disturbances were revealed. Such disturbances have a significant impact on the equilibrium function.
Conclusions. According to the results of motor tests and goniometry, the low level of the functional state of the football
players’ MSS after the winter vacation indicates the inelasticity or shortening (spasm) of the muscles and ligamentous apparatus,
which is one of the signs of their chronic overstrain. The previously obtained experimental data on the reduction of
stabilometric parameters which characterize the stability of the vertical posture, instability of the joints of the lower
extremities, the presence of vestibular and proprioceptive disturbances were confirmed by current research. Also our
research expanded the views about preventive measures and leveling the negative effects of overload of highly qualified
football players’ MSS. It is recommended to include corrective and preventive exercises (myofascial relaxation(MFR)
methods) in the preparatory and final parts of the training sessions. This technique will help to normalize the functional
state of the MSS and to reduce the risk of injury.
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Ceitiana KokapeBa, Bopuc Kokapes, Exyapa /lopomeHko. AHajli3 cTaHy ONOPHO-PYXOBOro amaparty
BHCOKOKBaTi(ikoBaHUX (PyTOOMICTIB HA MOYATKY 2-TO MATOTOBYOrO Mepioxy PivHOr0 MaKpOUWMKIY. AKmyaibHicHib.
VYce OUIBII aKTyaJIbHAM 3aBJAHHAM CIIOPTHUBHOI ITIITOTOBKM CHOTOICHHS CTa€ Po3poOKa afeKBaTHHX 3aco0iB e(eKTHBHOTO
BiTHOBJICHHS TIPAlle3IATHOCTI OpPraHi3My CIOPTCMEHIB ITCIIS TPEHYBAIBHHUX 1 3MarajJbHUX HABAHTAKEHB. 3aralbHOBIZIOMO, IO
IIiJ] 9ac TPEHYBaHb 1 3MarajibHOI JISUTBHOCTI BOHH MOXYTh JIOCATAaTH KPUTHYHUX BeMndrH. OTKe, ONTHMI3aIlisl CHCTEMU
KOMILIEKCHOT'O BiTHOBJIEHHSI CHOPTCMEHIB € OCHOBOIO /s 30€peKeHHSI BUCOKOTO PiBHSA MPAIE3JaTHOCTI ¥ 3a100iraHas
HEraTHBHUM HACJiJIKaM IepeHANpPYKEeHHs IiJ 9ac TPEHYBAJIbHUX i 3MaralbHUX HaBaHTaxeHb. Mema 0ocnidycenns —
BU3HAYCHHS (PYHKI[IOHAIILHOTO CTaHy OMOpHO-pyxoBoro amapaty (OPA) BrcokokBati(ikoBaHUX (yTOOMICTIB HA TTIOYATKY 2-TO
MiTOTOBYOTO MEPiOAY PiYHOTO IUKITY MiArOTOBKH. Memoou 0ocnioxncennsa — aHali3 HAyKOBO-METOANTHO]I JTITepaTypH,
TECTYBaHHS THYYKOCTi, CTa01IOMETPis, METOON MaTEMaTHYHOI CTATUCTHKH. Pe3ynsmamu po6omu. Y CTaHOBJICHO, IO
HA TI0YaTKy 2-TO IIrOTOBYOrO MEpioy PIMHOTO IMKITY ITiATOTOBKU MiUIOCIITHI CIOPTCMEHN XapaKTePU3YBATIC] «HUZBKAM
a00 HIKYUM BiJl CEpEIHBOr0» PIBHEM ITOKAa3HUKIB THy4KoCTi. [lokazaHo, mo y ¢yTOOmicTiB BHCOKOI KBawmiQikamii
piBEHBb CTaTUYHOI OMOPOCIPOMOKHOCTI B IIOMY MEPiOAi PiYHOro MaKpOITMKIIY BiIIIOBiAaB 3HAUYCHHIM «CEPEIHE» Ta
KHIDKYE BiJ] CEPENHBOrO», TaK CaMoO, SIK 1 TIOKA3HWKU CYIrJI000BOI PYXJIHMBOCTI. BusiBieHO (akT BeCcTHOYISApHUX i
MIPOTPIONENITHBHAX MOPYIIEHB, SKi CYTTEBO BIUIMBAIOTH HAa (YHKIIIO piBHOBaru. BucHoexu. 3TimHO 3 pe3ylbTaTaMH
PYXOBHX TECTiB Ta TOHIOMETpil HU3BKUH piBeHb (yHKIioHambHOrO craHy OPA ¢yrbomnicTiB micis BUXOxy i3 3MIMOBOI
BiJIITYCTKH CBiJ4aTh ITPO HEETACTHUHICTh 200 CKOPOUYEHICTh (CIa3MyBaHHS) M S31B 1 3B’sI3KOBOTO anapary, 10 € OHI€I0
3 O3HaK 1X XPOHIYHOrO NMepeHanpyXeHHs. YNHHUM TOCHIKEHHAM I ATBEP/DKEHO paHille OTpUMaHi eKCIIeprMeHTalIbHI
JlaHl TPO 3HIDKEHHS CTAOLIOMETPHYHMX MOKA3HHUKIB, IO XapaKTepH3yIOTh CTAaOLTGHICTh BEPTUKAIBHOI MO3H, HECTAOUTbHICT
CyrI00iB HIDKHIX KiHIIBOK, HasIBHICTh BECTHOYISPHHX 1 MPOMpIONENTUBHHUX TOPYIIEHb; PO3IIMPEHO YSABIECHHS PO 3aXOIU
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TIOTNIepe/PKEHHST Ta HiBEIIOBAaHHS HEraTHMBHUX HACIHiAKIB mepeBaHTakeHHS OPA BHcOKOKBami(ikoBaHHX (yTOOINICTIB.
PexoMeH10BaHO BKIIIOYATH JI0 MMiITOTOBYOI I 3aBepIIaibHOI YaCTHH HAaBYAJIbHO-TPEHYBAJILHHUX 3aHATh KOPUTYBAJIBHI Ta
TIpoiaKTHYHI BIPAaBH 33 HASBHIMH METOIMKaMH MiodacimaisHoro poscnadienss (MOP), sxi cnpusitumyTs HOpMadti3amii
¢yHxionanasHOro crany OPA 1 3HIDKEHHIO pH3HKY TPaBMaTU3MYy.

Karouosi cioBa: ¢yroomnictu, QyHKIiOHATBHAHN CTaH, ONOPHO-PYXOBUH anapaTt, THYYKICTb, SIKICHUH PIBEHb.

Ceetnana Kokapesa, bopuc Kokapes, Inyapa /lopouieHko. AHAIH3 COCTOSIHHSI OMOPHO-JABUIATEJIHHOIO
annapaTa BbICOKOKBATH(GHUIUPOBAHHBIX GyTO0JHCTOB B HaYajle 2-r0 MOArOTOBUTEJIBHOIO NMEPHOIA TOAUYHOTO
MaKpouukia. Akmyansnocms. Bee Oonee akTyanbHOH 3a7adeii CIOPTUBHOM IOATOTOBKU B HACTOSIICE BPEMs CTAHOBUTCS
pa3paboTka aileKBaTHBIX CPeICTB A(PPEKTUBHOTO BOCCTAHOBIIEHUS pabOTOCIIOCOOHOCTH OpraHu3Ma CIIOPTCMEHOB TOCIIe
TPEHUPOBOYHBIX M COPEBHOBATEIBHBIX Harpy3ok. OOLIEN3BECTHO, YTO BO BpeMsl TPEHHPOBOK M COPEBHOBATEIbHON
JESATETLHOCTH OHM MOT'YT JOCTUraTh KPUTHUECKHX BEIWYMH. TakuM o0pa3oM, ONTHMHU3AIMS CHCTEMbI KOMILUIEKCHOTO
BOCCTAHOBJICHHSI CIIOPTCMEHOB SIBJISIETCS] OCHOBOM TSI COXPaHEHHsT BRICOKOTO YPOBHSI pabOTOCIIOCOOHOCTH U TIPEAOTBPAIIICHHS
HETaTUBHBIX ITOCJIE/ICTBU MepEeHAIPsDKEHUS BO BpEeMs TPEHUPOBOYHBIX M COPEBHOBATENBHBIX HArpy3oK. Iens uccnedosanusn —
orpesiesieHue (PYHKIMOHAIBHOTO COCTOSHHS ONOpHO-nBUratenabHoro anmapara (OJA) BBICOKOKBaIM(HIIMPOBAHHBIX
¢yrOonKCcTOB B Hayaje 2-ro MOATOTOBUTENBHOIO MEPUOAa TOAUYHOIO IUKIIA MOATOTOBKU. Memoodwst uccinedosanus.
AHanu3 Hay4HO-METOJIUYECKOH JIMTepaTypbl, TECTUPOBAHHE T'MOKOCTH, CTAOWIIOMETPHsS, METO/bl MaTeMaTHYeCKOW
CTAaTUCTHKU. Pe3ynbmamul padomel. Y CTaHOBIICHO, YTO B Hayajie 2-T0O TOJrOTOBUTEIHLHOrO MEPUOa TOANIHOTO IIHKIIa
TIOJITOTOBKH O0CIIeIyeMble CIIOPTCMEHBI XapaKTePU30BATIHNCh KHH3KHMY HIIA «HIDKE CPEMHEro» ypoBHEM IMoKasarenei
ruokoctu. [lokazaHo, 4To y GpyTOONHCTOB BHICOKOH KBATU(HKAIMN YPOBEHb CTATHYECKOW OMOPOCIHOCOOHOCTH B 3TOM
HEePHOJIE TOJMYHOr0 MaKpOIMKIa COOTBETCTBOBAJ 3HAYEHHIO CPETHEE» M KHIKE CPETHETO», TAKKE KaK M IMOKa3aTelH
CyCTaBHOM TMOKOCTH. BhIABICHBI (haKThl BECTUOYISPHBIX M MPOIPUOLENITUBHBIX HAPYIIEHUH, KOTOPBIE CYIIECTBEHHO
BJIMSIIOT Ha (YHKIUIO paBHOBecus. Bb16oodsl. CornacHo pe3ynbTataM JBHIaTeNIbHBIX TECTOB W FOHMOMETPHH HU3KUH
ypoBeHb QyHKIMOHANBHOrO coctosiust OJIA ¢yrOOoNMCTOB Mocie BbIXOA U3 3UMHEI0 OTITYCKa CBUJIETEIBCTBYIOT O
HESJTACTUIHOCTHU WU YKOPOUYCHHOCTH (CHaSMI/lpOBaHI/II/I) MBIIIT ¥ CBA30YHOI'O arrapara, 4To SBJIACTCA OAHUM U3 MPU3HAKOB UX
XPOHMYECKOr0 MepeHanpsbkeHus. HacTosimm rccneoBaHueM MOATBEPIKIAIOTCS paHee MOMydeHHbIE AKCIIEPUMEHTAIbHbIC
JIAHHBIE O CHIDKCHHHU CTaOMIIOMETPHYECKHX MOKa3aTesled, XapaKTepH3YIOIMX CTa0UIbHOCTh BEPTHKAIBHOM 1103bI, HECTAOMITBHOCTh
CYCTaBOB HIKHUX KOHEYHOCTEH, HAIMYME BECTHOYIISIPHBIX M IPOIPUOLICTITUBHBIX HAPYILCHUH, PACIIUPEHBI MPE/ICTABICHHS O
Mepax MPeAYNPENISHHUsS U HUBEIMPOBAHUSI HETaTUBHBIX MOCIEACTBUIA neperpy3ku OJ]A BbICOKOKBATU(HIIPOBAHHBIX
¢yrOonucToB. PekoMeHyeTcss BKIIOYATh B MOJATOTOBUTEIBHYIO U 3AKIIOYUTEIBHYIO YacTH y4eOHO-TPEHHPOBOYHBIX
3aHATHH KOPPEKTUPYIOUME U NPO(UIAKTHYECKUE YIPAXKHEHUS 10 CYHIECTBYIOIIUM METOAMKAM MHO(ACIHATBHOIO
paccnabmenus (M®P), koropbie OyayT cHOCOOCTBOBaTh HOpMamHM3aiMd (GyHKIMOHATbHOrO coctostaus OJIA wu
CHIDKEHUIO PHCKa TPaBMaTH3Ma.

KiroueBble ciioBa: GyrOonucTbl, (DYHKIMOHATIBHOE COCTOSIHUE, OTIOPHO-IBUTATEIIbHBIN aIlapaT, TMOKOCTh, KaYeCTBEHHBIN
YPOBEHb.

Introduction. Many researches related to modern issues of athletes’ functional preparation show that
sport of the highest achievements is characterized by sharp growth of volumes and intensity of training loads,
high psycho-emotional intensity of training and competitive processes. This fact makes high demands on the
organism of athletes, is also accompanied by significant functional changes, decreased working capacity and indicates
the onset of obvious fatigue. In many cases one can see even the disruption of adaptive mechanisms [1; 4; 5].

The development of adequate means of effective recovery of the organism after training and competitive
loads, which often reach critical values during training and competitive activity, is becoming an increasingly
important task of sports training today. Optimization of the complex recovery system, which is aimed to
improve the functional state of athletes, is the basis for maintaining a high level of working capacity and
preventing the negative effects of overstrain [2; 8; 10].

The researchers conducted in the world over the last 15 years show an increase of sports micro-injuries
as a result of chronic overstrain of the musculoskeletal system, especially in sports games. According to
experts’ assessments, football is the most traumatic one among these types [4; 6; 11].

A digital computer technology plays a significant role in sports practice of twenty-first century. One of
these methods is computer stabilometry. It allows studying the deviations and other characteristics of the
testee’s common centre of gravity from the support area. This control technique is used to assess the kinetic
stability of the organism of athletes and is a modern diagnostic tool for both normal and pathological
conditions [3].

The systematic overload, the nervous system and MSS overstrain lead to disruption of the process of
adaptation to physical activity, but increase the probability of injury and the occurrence of related diseases.
The latter, in turn, occupy one of the leading places among the pathological conditions in athletes of various
sports’ types and specializations, permanently depriving them of the opportunity to fully train and to
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participate in competitions. It is known from previous researches that the quality of «flexibility» depends on
the functional state of the MSS. The flexibility indicators in the conditions of the MSS overstrain can
significantly decrease; as a result this phenomenon leads to the muscle imbalance development [4; 5; 7].

In the case of team game sports, the control over the functional state of the MSS and timely prevention
of overstrain allow introducing adjustments to the training process on time, as each athlete individually and
the sports team as a whole. Thus, there is a real possibility to prevent the occurrence of more serious injuries
which can permanently incapacitate athletes.

Objective. The aim of this research was to conduct an ascertaining experiment to determine the
functional state of the musculoskeletal system of highly qualified football players at the beginning of the 2nd
preparatory period of the annual training cycle.

Materials and Methods. Evaluation of the functional state of the MSS was carried out by testing the
physical abilities associated with the manifestation of joint flexibility, goniometry and stabilometry. In this
research, movability tests were used to assess the mobility of the joints of the lower extremities and spine. A
number of simple tests such as: bending forward from a standing position, the bridge, the transverse and
longitudinal (the best of 2 possible) twines, the test named «Tilting to the right (left) from a sitting position,
legs apart were selected.» Evaluation of stabilometric parameters was carried out by the following indicators:
total length of the path stabilometry (L stato-centigramme, mm), square stato-centigramme (s, mm?). For
each of the considered parameters, the level of its development was determined according to the average
group values with the determination of the arithmetic index and the arithmetic mean error (x £ S). With the
help of goniometry the mobility of the joints in angular units (degrees) was measured. The research was
conducted on the basis of foothall club FC «Zarya» (Lugansk), Zaporizhzhya National University and
municipal institution «Regional medical and sports clinic» of Zaporizhzhya Regional Council. It was
attended by 22 football players of the first team aged 19-32 years old, who had complaints on pain in the
MSS, decreased working capacity and general fatigue.

Results. As a result of the research of the flexibility level of the testees, it became obvious that most of
the indicators have a level of «below average» («Bridge from the initial position lying on the back, cm»;
«Full split, cm»; «Split on the left (right) leg, cm») or «average» («Tilt forward from the standing position,
cmy»; «Tilt to the right (left) from the sitting legs apart, cm»), (table. 1).

Table 1
Indicators of Stabilometry and Flexibility tests of Highly Qualified Football Players
at the Beginning of the 2st Preparatory Period of the Annual Macrocycle (X £ S)
The Studied Parameters Result Level

of Development

Bending forward from a standing position, cm 5,93+2,05 average

Bridge from the starting position lying on the back, cm 69,44+3,41 below the
average

Full split, cm 50,43+1,14 below the
average

Split on the left (right) leg, cm 45,50+1,50 below the
average

The tilt to the right (left) from a sitting position legs apart, cm 6,3510,11 average

The length of the stato-centigramme (L), mm 523,33+13,31 below the
average

The square of the stato-centigramme (S), mm? 407,27+43,81 below the
average

According to the results of stabilometry which was carried out immediately after the football players of
FC «Zarya» (Lugansk) returned from winter vacations (which corresponded to the beginning of the 2nd
preparatory period), the indicators of static ability to support of almost 50 % of the studied football players
were on level of «below average».

At the same time, in almost 60 % of cases the indicators of stability of the vertical posture were «below
average». This indicates a deterioration of the equilibrium function. The shift of the reverse projection of the
general center of mass (GMC) in the frontal and sagittal planes was lower than the «average level» in more
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than 65 % of the examined football players. More than 34 % of these sportsmen have the CMR projection in
the sagittal plane shifted forward, and 12 % — shifted back. The displacement of the CMR projection in the
frontal plane and to the right (left) was also observed in almost 12 % of the testees.

This study revealed that the area of the stato-centigramme in almost 64% of examined football players
corresponded to the quality levels «average» and «below average». The average index of this indicator was
407,27+43,81 mm?, and the average index of the parameter «length of the stato-kinesiogram» slightly
exceeded the indicators, responding to the «average» level of the indicator in less than 36 % of football
players (523,33£13,31 mm).

During the analysis of the data of lower extremities joints’ goniometry of the testees one found out that the
indicators of joint mobility in football players were also on the level «average» and «below average» (table 2).

Table 2
Indicators of Goniometry of Highly Qualified Football Players at the Beginning
of the 2nd Preparatory Period of the Annual Macrocycle, (X + S, Degrees)
Joint Flexion Extension Abduction
Right 115,05+2,55 a - - 44,43+1,17 a
Coxofemoral
Leftist 114,63+2,01 a - - 43,68+0,92 b/a
Right 126,73+1,77 a - - - -
Knee
Leftist 127,80+1,27 a - - - -
Right 33,53+1,83 b/a 7,14+0,84 a - -
Talocrural
Leftist 34,86+1,70 b/a 8,28+0,89 a - -

Notes: a — «average»; b/a — «below the average».

Discussion. From our point of view, such low results of flexibility parameters of examined sportsmen
can be explained as follows. First: it is well known that flexibility is a physical quality of antagonistic
orientation in relation to strength ones. Secondly: highly qualified football players have a very high level of
development of strength abilities, which has been repeatedly proved by many previous scientific studies [1, 3,
7, 11]. In addition, they proved that it is flexibility that determines the functional state of the MSS.

In our opinion, the low results of testing of all abovementioned indicators of joint flexibility,
goniometry and stabilometry are due to the fact that the football players returned to training work after a very
long winter vacation after the end of the first competition period. This is the first round of the football
championship of the Ukrainian Premier League. Also peculiarities of the calendar planning of the upcoming
competition period have a great impact on decreasing of studied parameters.

Thus, summarizing the results and comparing them with the data of previous studies, a new strategic
direction of work on the development of joint flexibility of highly qualified football players and restoration
of the state of their musculoskeletal system was chosen. That’s why, it seems relevant to develop individual
components of personal programs and group (team) model of recovery measures using innovative technigques
of myofascial relaxation [9], as a means, firstly, of muscle stretching and, secondly, the recovery after high
physical activity to prevent injuries of the musculoskeletal system. Such damages can appear due to the lack
of elasticity of the myofascial structures of highly qualified football players’ organism. It should also be
noted that one of the hypotheses of both the current and the next experiments is the idea that the methods of
physical training chosen by us and rehabilitation of football players after high muscle loads will allow to
bring the studied indicators to a new, higher quality level, to keep the necessary conditions for a long time
during two competitive periods of the annual cycle of training, and thereby contribute to the high final result
of competitive activity of athletes.

Conclusions. Thus, we consider it is possible to draw the following conclusions:

1. According to the results of mobility tests and goniometry, the low level of the functional state of the
MSS indicates the inelasticity or shortening of the muscles and ligamentous apparatus, which, in turn, is one
of the signs of chronic overstrain of the MSS and leads to a decrease of working capacity, threatens great
physical and mental overload against the background of insufficient recovery and can cause serious injuries
and diseases, permanently incapacitate athletes.
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2. After the return from the winter vacation, before the beginning of the 2nd preparatory period, there
was a decrease in stabilometric indicators in general and, in particular, the values of indicators which
characterize the stability of the vertical posture. This fact may indicate individual disorders of the MSS,
instability of the joints of the lower extremities, the presence of vestibular and pro-perceptive disorders.

3. Itis recommended to the football players to include corrective and preventive exercises in the training
process in addition to the usual pre-stretching («pre-stretching»). That will help to normalize the functional
state of the MSS and to reduce the risk of injury.

Prospects for further research. The next stage of our research will be the development of individual
components of personal programs and group (team) model of recovery activities using innovative techniques
of myofascial relaxation and their place in the structure of the training process of highly qualified football
players.
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