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LEFT VENTRICULAR HYPERTROPHY DUE TO VIGOROUS PHYSICAL
CONDITIONING IN HIGHLY TRAINED GEORGIAN WRESTLERS AND
FOOTBALL PLAYERS: RELATIONSHIP WITH AEROBIC CAPACITY

Kakhabrishvili, Z, Akhalkatsi V, Maskhulia L, & Chutkerashvili, T.
Clinical Centre of Sports Medicine and Rehabilitation of Thilisi State Medical University, Thilisi, Georgia
zurasportmed@yahoo.com

ABSTRACT

Several adaptations of cardiac shape and function occur with athletic training to improve the heart’s function as a
pump and thereby increase aerobic capacity. Maximal oxygen consumption or VO,max is regularly used as an
index of physical fitness, but its relationship with left ventricular structural parameters remains unresolved. The
aim of the study was to examine the effect of long-term intensive physical training on cardiac responses in highly
trained athletes, wrestlers and football players, with different training regimens and reveal the structural parameter
of the heart which better correlates with aerobic capacity. Highly trained male athletes, 51 wrestlers and 221
football players, and 48 healthy male sedentary controls underwent cardiovascular evaluation with medical
history, physical examination, electrocardiogram, echocardiography and maximal oxygen uptake testing. The
data indicate that highly trained male athletes had greater left ventricular internal dimension, left ventricular wall
thickness, relative wall thickness, left ventricular mass and mass index than untrained male controls; they exhibit
a higher value of maximal oxygen consumption compared to the untrained controls. Physiologic hypertrophy that
occurs in the athletes is related to the intensity and duration of the exercise and is directly related to the fitness
level or VO,max. It was concluded that VO,max is the variable that better correlates with the LVMI.

KEY WORDS: echocardiography, maximal oxygen consumption, left ventricular hypertrophy, aerobic capacity,
left ventricular mass index, patterns of left ventricular geometry.

INTRODUCTION

The ability to perform strenuous physical activity is, to a great extent, a multiorgan system phenomenon. While
the response of the body to muscular exercise is dependent on the integrated functioning of each of the organ
systems, the cardiovascular system plays a critical role in mediating vigorous activity. Several adaptations of
cardiac shape and function occur with athletic training to improve the heart’s function as a pump and thereby
increase aerobic capacity (4). Maximal oxygen consumption or VO,max is regularly used as an index of physical
fitness. Sequence variations in mitochondrial DNA have been attributed to individual differences in VO,max and
the response to training, thus lending evidence that one’s genetic propensity has an influence on training
responses (2).

Oxygen uptake and cardiovascular adaptations to physical exercise are dependent on the intensity and the
duration of training, but its relationship with left ventricular structural parameters remained unresolved. The aim of
the study was to examine the effect of the long-term intensive physical training on cardiac responses in highly
trained athletes, wrestlers and football players, with different training regimens and reveal the structural parameter
of the heart which better correlates with aerobic capacity.

METHODS

A group of highly trained male athletes was studied, 51 wrestlers (judo, Greco-Roman and freestyle wrestling),
221 football players (first squads of the Georgian National Football Championship) and 48 healthy male sedentary
controls who did not exercise regularly. The age of the athletes ranged from 18 to 35 years (mean age
22.81+0,39 years). The age of the controls ranged from 18 to 33 years (mean age 23.04+0.27). The duration of
sports activity for wrestlers was 12.06+0,60 years and for football players was 12.86+0,26 years. Of the 51
wrestlers, 35 had gained international recognition in the Olympic, World or European championships, among
them 4 Olympic champions and 4 medalists, and 5 World champions and 9 medalists.

None of the studied subjects had any cardiac and/or vascular diseases on the basis of a negative medical history,
physical examination, and electrocardiogram; all the athletes were normotensive and denied use of illicit drugs.
Echocardiography was performed using SONOACE PICO (Medison) instrument with a 3MHz transducer. Images
of the heart were obtained in multiple cross-sectional planes by using standard transducer positions (5).
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The formula for calculation of left ventricular mass (LVM) for Penn-convention measurements, with the correction
of Devereux (1) was: LVM=1.04 X [(IVS+PWT+EDD)3-EDD3]-13.6 (g) In which IVS-interventricular septal
thickness, PWT-posterior wall thickness, and EDD is left ventricular end-diastolic dimension. Left ventricular mass
index (LVMI) was calculated by normalization of LVM to body surface area. Relative wall thickness (RWT) was
calculated as the ratio of the average of left ventricular septal and posterior free-wall thicknesses to the radius of
the internal ventricular cavity (3). Four patterns of left ventricular geometry were defined based on the cut-off
value for LVMI of 124 g/m? and RWT of 0.44, according to previously defined criteria (6): 1) concentric
hypertrophy (increased LVMI and RWT); 2) eccentric hypertrophy (increased LVMI and normal RWT); 3)
concentric remodeling (normal LVMI and increased RWT); and 4) normal geometry (normal LVMI and normal
RWT). An incremental cycle ergometer test (Cardiette, Italy) until exhaustion was performed to determine
maximal oxygen consumption. Incremental load of 20W/min was used. Ventilatory parameters were continuously
measured breath-by-breath using a metabolic analyzer (MedGraphycs VO2000) during the maximal test.

The mean values and the standard deviations for the normally distributed data were calculated using descriptive
statistics. Differences between means were assessed by using unpaired or paired Student t-test where
appropriate. A two-tailed p value less than 0.05 was considered statistically significant.

RESULTS

In highly trained athletes the intensive exercise program was associated with cardiac morphologic changes and
different patterns of left ventricular hypertrophy. Echocardiographic parameters are shown in Table 1. LV internal
dimension and interventricular septum thickness in diastole were significantly greater in footballers than wrestlers.
LV posterior wall thickness as well as relative wall thickness of wrestlers did not differ from the same parameters
of footballers (p>0.20). Left ventricular mass and mass index in football players were higher compared with the
corresponding parameters in wrestlers (207.52+2.84g and 107.75+1.36 g/m2 vs. 193.96+5.78g and 101.79+2.53
g/m2, p<0.05). Values of left ventricular EDD, IVS and RWT, LVM and LVMI were significantly greater in athletes
than in controls.

Tablel. Echocardiographic parameters of athletes and controls.

Parameter Wrestlers Footballers Controls
(n=51) (n=221) (n = 48)
IVS (mm) 8.20+14**m 8.61+0.09*** 7.69+0.18
PWT (mm) 9.00£0.14*** 9.06+0.08*** 7.87+0.15
EDD (mm) 52.86+0.52m™*** 54.15+0.24*** 48.54+0.27
LVM (g) 193.96+5.78m** 207.52+2.84*** 177.12+3.44
LVMI (g/m?) 101.79+2.53m* 107.75+1.36*** 95.29+1.14
RWT 0.327+0.005* 0.329+0.01* 0.301+0.01

Values are mean = SD. mp<0.05 compared with footballers; * p<0.05, ** p<0.01 and *** p<0.001 compared with
controls; INS — interventricular septa in diastole; PWT — left ventricular posterior wall thickness in diastole; EDD —
left ventricular end diastolic dimension; LVM — left ventricular mass; LVMI — left ventricular mass index; RWT —
relative wall thickness.

In wrestlers, VO,max was 56.47+1.33 and this parameter was in poor correlation with left ventricular EDD (r=0.16,
p<0.05), and in moderate correlation with LVMI (r=0.65, p<0.001). In football players, VO,max was 56.31+0.46
and this parameter also poorly correlated with left ventricular EDD (r=0.19, p<0.001), and moderately correlated
with LVMI (r=0.62, p<0.001). In controls, VO,max poorly correlated with both EDD and LVMI (EDD: r=0.12,
p<0.05; LVMI: r=0.18, p<0.01). Additionally, a poor correlation was found between VO,max and RWT in football
players, wrestlers and controls (r=0.16, p<0.05; r=0.14, p<0.05; r=0.11, p<0.05 respectively). VO,max of wrestlers
and footballers did not differ (p>0.2). All of the physical parameters were significantly higher in athletes than in
controls (table 2).
Table 2. Physical parameters of the athletes and controls.

Parameter Werestlers Footballers Controls
(n=51) (n=221) (n=48)

Age (years) 22.84+0.55 22.76+0.26 23.04+0.27

Body Surface Area (m?) 1.91+0.07 1.92+0.11 1.18+0.17

Duration of training (years) 12.06+0.60 12.86+0.26 -

Heart Rate (beat-min™) 60.02+1.43 * 61.07+1.08 * 78.12+1.20

VO,max (ml-kg™'-min™") 56.47+1.33 * 56.31+0.46 * 41.34+0.48

Values are mean + SD. * p<0,001 compared with controls.
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A heterogeneous pattern of LV geometry was observed in 46 (20.8%) out of 221 football players (37 subjects with
eccentric hypertrophy, 7 subjects with concentric hypertrophy, 2 with concentric remodeling). However, the
wrestlers displayed a more homogeneous pattern of left ventricular geometry - 5 (9.8%) subjects with eccentric
hypertrophy and 46 with normal geometry. Interestingly, VO,max was significantly greater in athletes with
increased LVMI than in those with normal LVMI (58.12+0.89 vs. 56.03+0.53, P<0.05).

DISCUSSION — CONCLUSIONS

Highly trained athletes exhibit greater left ventricular internal dimensions, left ventricular wall thickness, relative
wall thickness, left ventricular mass and mass index compared to the untrained controls. Improvement of these
parameters is associated with long-term and intensive physical training.

Differences in age and duration of sports activity between wrestlers and footballers were not statistically
significant, therefore, the reason for more frequent occurrence of left ventricular hypertrophy in football players
than in wrestlers should be searched for in the specificity of physical training in these different sports disciplines.
In our opinion, the observed changes in left ventricular morphology were associated with the different intensity
and duration of dynamic component in the training program of these two groups of athletes.

The results of our study showed increases in left ventricular cavity dimension and wall thickness as well as in left
ventricular mass, suggesting a pattern of left ventricular hypertrophy closer to that characteristic of an endurance
and strength-trained heart, rather than either an endurance — trained or a strength-trained heart. This is reflected
in the nature of the exercise undertaken by the football players combining repetitive pressure and volume loading
from isometric and isotonic exercises. A similar pattern found in wrestlers can be associated with combined
strength and endurance exercises in their training program. Although we had expected to find the concentric
hypertrophy among the wrestlers, considering the specificity of their training programs, but our study revealed
only a few cases (5 of 51) of eccentric hypertrophy. For these findings further comprehensive research is needed
to explain the underlying processes satisfactorily.

Our data indicate that highly trained male athletes had higher values of VO,max than untrained controls. In spite
of greater left ventricular EDD, LVM and LVMI in football players than in wrestlers, they had almost similar
VO,max, and the greater the LVMI, the higher the VO,max. Physiologic hypertrophy that occurs in the athletes is
related to the intensity and duration of the exercise and is directly correlated to the fitness level or VO,max. It can
be concluded that VO,max is a variable that better correlates with the LVMI. Results of the study can contribute to
the assessment of an athlete’s current physical state. In addition, further investigation is required for better
understanding of profound mechanisms of cardiac adaptation to long-term and intensive physical training.

PRACTICAL IMPLICATIONS / ADVICE FOR ATHLETES AND COACHES

Pre- and peak-season cardiac measurements compared with VO,max can help a coach to modify the training
program and properly adjust it to the athlete’s specific needs as well as identify an optimal exercise capacity to
avoid myocardial overload.
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M'MnepTpocduna neBoro xenyaouka cepaua rpy3aMHCKMX 6opuoB u
c¢yTO0NMCTOB BbICOKOU KBanudpunkaumm, obycnosneHHas CUribHOU
¢hn3nyeckom Harpy3Kou: cBsi3b C a3POOHON MOLLUHOCTLIO.

3ypab Kaxabpuwsunu, Banepuin Axankauu, Jllena Macxynus, Tamap YyTkepalusunu

KnuHuudeckuin LlenTp CnoptuBHon MeguuuHel u Peabunutaumm Téunucckoro NocygapcteeHHoro MeamumHckoro
YHusepcuteTa, ['py3us

zurasportmed@yahoo.com

BBEOEHUE

CnocobHOCTb BLINOMNHATL CUMBbHYKO (PU3MYECKY0 paboTy B 3HAUUTENBHOW CTEMNEHU SABMSETCS MYyNbTUOPraHHbIM
cdeHomeHOM. Hapsgy ¢ Tem, 4YTO OTBeTHasd peakuusi opraHvM3mMa Ha MbIWEYHY Harpysky 3aBUCUT OT
KOMMNIIEKCHOTO  (DYHKUMOHMPOBAHMSA KaXAoW W3 CUCTEM OpraHoB, CepAeyHo-cocyaucTas cuctema wurpaet
pawarwlyo pofnb B NOAOEPXKaAHUW HaMNPSHKEHHOW (PU3NYECKON aKTMBHOCTU. CMOpPTUMBHbIE TPEHMPOBKU
CcnocobCTBYOT pas3BUTMIO pa3HbIX BUAOB agantauun opmbl 1 YHKUMM cepaua, yrydllas HacoCHYK (OYHKLMIO
Muokapda M noBblwas aspobHyt MowHocTb [4]. MakcumanbHoe noTpebneHue kucropoga, unm VO2makc,
NMOCTOSIHHO MCMOMb3YEeTCs B KAa4YeCcTBe nokasatens pusnyeckon TpeHnpoBaHHOCTU. HanBmMayaneHoe pasnuuve
nokasatenen VO2 makC M OTBETHOW peakuun opraHmsaMa Ha (U3MYECKYld Harpysky OOBLACHSAIOT HanMyunem
Bapuauui B MutoxoHgpuansHon JHK [2].

MN3BecTHO, 4YTO NoTpebreHne KACnopoaa 1 aganTtauus cepae4yHo-CoOCYANCTON CUCTEMbI Ha (PU3NYECKYI0 Harpy3Ky
3aBUCAT OT MHTEHCMBHOCTU W MPOAOIHKUTENbHOCTU TPEHUPOBOK, B TO BPEMS Kak BOMPOC WX B3aMMOCBA3W CO
CTPYKTYPHbIMU NapameTpami NEBOTO Xemnyao4ka OCTaeTcsl HepeLUEHHbIM.

Llenbto nccnenoBaHus ABNSNOCh U3ydyeHne adpdpeKkTa NpoaoIHKUTENbHBIX MHTEHCUBHBIX (M3NYECKMX TPEHUPOBOK
Ha ajanTauuio cepAua CropTCMEHOB BbICOKON KBanudukauum, 6opuoB 1 qyT6ONMCTOB, UMEIOLMX pasfnyHble
TPEHVPOBOYHbIE PEXWMbI, U BbISIBIIEHWE CTPYKTYPHOro napameTpa cepiua, AeMOHCTPUPYIOLLEro Haunyylyo
KOPPEnsLUmMio ¢ a3p0BOHO MOLLHOCTbHO.

METObI: Mbl nccnegosanu rpynny BbICOKOKBaNM@UUUPOBaHHbIX CMOPTCMEHOB MYXLLUMH, cpeaun Hux 51 6opeu
(a3t040, rpeko-prMMCKOro 1 BONbHOIo ctunen 6opbbbl) n 221 ytbonucTa (npectaButenen KOMaHa BbICLLIEN NN
HauMoHanbHOro YemnuoHata [pysum no ¢ytoony). 48 300pOBLIX MYXLUWMH, BeOyLMX ManonogBwkHbld obpas
XU3HU M HE UMEKLWUX PerynsipHbiX (U3NYECKUX Harpy3oK, COCTaBWMM KOHTPONbHyK rpynny. Bospact
cnoptcmeHoB 6bin B npegenax ot 18 go 35 net (cpegHun BospacT 22,81+0,39 neT), B KOHTPOSLHOW rpynne B
npegenax ot 18 go 33 net (cpeaHun BospacT 23,0410,27). U3 51 6opua 35 nmenn mexayHapoaHbIin Knacc u
yyaBcTBOBanu B Onumnuincknx urpax, Yemnuonatax Mupa n Esponbl, cpean Hux: 4 OnNMMIMACKMX YeMnuoHa u 4
Meganucrta, 5 4emnmoHoB Mupa 1 9 MefanucToB.
Ha ocHoBaHUM gaHHbIX MEeOULUMHCKOro aHamHesa, douandeckoro obcrneoBaHUst U aNeKkTpokapanorpamMmmel, HU Y
ofHoro mM3 obcregyemMbix CyObLEKTOB HEe OoTMmevarnocb 3aboneBaHwui cepaua W/unu cocydoB; BCE CMOPTCMEHbI
UMEenuM HopManbHOe apTepuarnbHOe [aBreHne W oTpuuanu npuemM  3anpelieHHblX  MeOuKaMeHTOB.
Oxokapawmorpacdusa nposogunace Ha annapate SONOACE PICO (Medison) npu nomowm 3MHz TpaHcgtocepa.
N3obpaxeHuns cepaua 6binm nonyyeHbl B CTaH4APTHBIX MAOCKOCTSX M NO3MUUSAX TpaHcatocepa [5].
[na BblumMcneHns maccol nesoro xenyaoyka (MJTK) ncnonesosanack hopmyna no sepcumn Penn — KOHBEHLUMU C
yyeTom nonpasok Devereux [1]:
MITXK =1,04X[(MXKIT + T3C + KOO)3- KOA 3-13,6 (r);

B koTopon MXKI1 —TonwmHa mexokenygoykoBon neperopogku, T3C—tonwuHa

3agHen cteHkn, n KOO—KoHe4YHo-AnacTonnyeckun guameTp NeBoro xenyaoyxa.

WHpekc maccel nesoro xenygoyka (MMIDXK) seiumcnanca genednem MIDK Ha
nnowaae nosepxHoctn Tena. OTHocuTenbHas TonuwuHa cTteHok (OTC)
BblUMCNANACh Kak OTHoWeHwe cpeaHen BenuumHbl MXKIT n T3C k paguycy BHYTpPEHHeW MNoriocTu NeBOro
xenygouka (JIXK) B gunactony [3].

B cooTBeTCTBUM C NpeABapuTENbHO YCTAHOBMEHHBIMU KpUTepusiMu [6], y4YMTbIBAKOWMMU BEPXHWE TpaHuULbl

Hopwmbl ana MMIDK -124 r/m®> n OTC - 0,44, Gbinn yCTaAHOBMEHbI YETbIpe reoOMeTpU4eckMe MOAENV eBOro
Xenygoyka: (1)koHueHTpuueckas runeptpodms (yBenudenHole WMITK un  OTC); (2)akcueHTpuyeckas
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rmneptpodus  (yBenuueHHbin WMIMIDK un  HopmanbHass OTC); (3) KOHUEHTpUYECKOe peMOoAenMpoBaHue
(HopmanbHbIn UMITXK n yBenuuenHasa OTC); n (4) HopmanbHasa reomeTpus (HopManbHbele UMK n OTC).

Ona onpegeneHuss mMakcumarnbHOrO MNOTPeOneHns Kucnopoda WUCMoNb3oBasiCs BENO3ProMeTPUYECKUin TecT
(Cardiette, ltaly) c Bo3pacTtatowen Harpy3korn go nsHemoxeHus. NMpupocTt Harpysku coctasnan 20 W/muH. Bo
BpeMa MaKCMMalnbHOINo TecCcTa HeNnpepbiBHO WU3MEPANIMCb BEHTUNATOPHbIE MapaMeTpbl C WUCMNOJ1Ib30OBaHNEM
meTabonuyeckoro aHanusatopa MedGraphycs VO2000.

CpeaHne 3HaveHUss U cpegHeKkBagpaTU4ecKoe OTKMOHEeHMEe ANs HOpPManbHOro BapuauMOHHOrO psiga Obinu
BblYNCIIEHbI C MNPUMEHEHWEM onucaTenbHOM CTaTUCTMKU. [JOCTOBEPHOCTb pasnuuMs Mexagy CcpeaHuMu
BENMMYMHaAMM OLIEHMBaNachb Npu NOMOLLM NAapHOro Unn HenapHoro t—-tecta CTblogeHTa, rae ymectHo. Kputepun p
< 0,05 cuntancs ctTaTUCTUYECKM AOCTOBEPHbLIM.

PE3YIIbTATbI

MHTEHCKBHbIE (hU3NYecKne Harpys3ku CrOPTCMEHOB BbICOKOW KBanudukauuyM COMpOBOXOANMCh WU3MEHEHUSMU
MopcomMeTpMmM cepdua U xapakTepus3oBanucb PasfuMyHbIMU reomeTpudeckumu mogensmu runeptpocdpum JDK.
Oxokapanorpaduyeckne napameTpbl npuBedeHol B Tabnuue 1. Pasmep nonoctn JDK un  tonuwwuHa
MEXOKENYA0YKOBOW NeperopoakM B amactony 6binn pgoctoBepHo 6Gonblie y dytbonucto, yem y GOpLOB.
TonwmHa 3agHEen CTeHKW, Takke Kak M OTHOcuTenbHas TonwwmHa cteHok JDK 6GopuoB He oTnvyanacb OT
COOTBETCTBYIOLLMX napameTpoB ¢dyToonuncToB (p>0,20). Macca n ungekc maccol JIXK cdyrbonnctos (207,52+2,84
r n 107,75+1,36 r/m?) 6bin Bbie COOTBETCTBYHOLWMX napameTpoB 6opuos (193,96+5,78 r n 101,79+2,53 r/m?,
p<0,05). Bennunnbl KOO, MXKI1, OTC nesoro xenygoyka, a Takke MIDK n UMIDK 6binv gocToBepHO Bbille y
CMOPTCMEHOB, YEM B KOHTPOSbHOM rpynne.

Tabnuya1. Oxokapduoepaguyeckue OaHHbIE CrIOPMCMEHO8 U KOHMPO/ILHOU  2pynribl.

MapameTp Bopupbl dyTbonucTbl KoHTponbHas rpynna
(n=51) (n=221) (n=48)

MM (mm) 8,20+14"*m 8,61+0,09*** 7,69+0,18

T3C (Mm) 9,0040,14*** 9,06+0,08*** 7,87+0,15

KOO (mm) 52,86+0,52m™** 54,15+0,24*** 48,5440,27

MJTX () 193,9645,78m™* 207,52+2,84*** 177,12+3,44

UMIDK (r/m?) 101,7942,53m* 107,75+1,36*** 95,29+1,14

OoTC 0,327+0,005* 0,329+0,01* 0,301+0,01

mp<0,05 no cpaBHeHuto ¢ dytbonucramu; * p<0,05, ** p<0,01 1 *** p<0,001 NO CpaBHEHWUIO C KOHTPOSbLHOM
rpynnou; MXT — mexokenygoyvkoBas neperopogka B guactony; T3C — TonwmHa 3agHen cteHkn B agnactony; KOO
— KOHeYHo-AuacTonuMyeckuin guametp nesoro xenygodka, MIDK — macca nesoro xenygoyka; MMITDK — nHaexc
Maccbl nesoro xenygouyka; OTC — oTHocuTenbHasa TomMLmMHa cTeHkW. NpuBeaeHbl cpeaHne BeNUYUHbI £ SD.

VO2makc 6opuoB 6bin 56,47+1,33 mn/kr/MyvH u 3TOT NapameTp cnabo koppenuposan ¢ KO neeoro xenygodka
(r=0,16, p<0,05), n umen cpegHen cunsl koppensaumo ¢ UMITXK (r=0,65, p<0,001). VO2makc ¢pyTt6onucTos 6bin
56,31+0,46 mn/kr/mMmnH n Takke cnabo koppenuvposan ¢ KOO nesoro >xenygouka (r=0,19, p<0,001), n nmen
cpenHen cunel koppensaumio ¢ MMIDK (r=0,62, p<0,001). VO2makc KOHTPOMNbHOW rpynmnbl cnabo koppenvposarn
kak ¢ KOO, Tak u ¢ UMIDK (KO4: r=0,12, p<0,05; UMJTXK: r=0,18, p<0,01). Cnabas koppensiums 6bina BbigBreHa
Takke mexgy VO2makc n OTC dytbonnctos, 6opuoB 1 koHTponbHon rpynnsl (r=0,16, p<0,05; r=0,14, p<0,05;
r=0,11, p<0,05 cootBeTcTBEHHO). BenuumHbl VO2makc ¢yTtbonnctoB M GOpLOB AOCTOBEPHO HE OTNUYanuUCb
(p>0,2). Bce cdusnyeckme napameTpbl CMOPTCMEHOB ObifiM OOCTOBEPHO BLIWE, YEM B KOHTPOJSIbHOW rpynne
(Tabnuua 2).
Tabnuya 2. @usudeckue daHHbIe CIOPMCMEHO8 U KOHMPOIIbHOU epynribl.

MapameTp Bopupl (n=51) dyTHONNCTBI KoHTponbHas
(n=221) rpynna (n=48)

BospacT (rogpl) 22,84+0,55 22,76x0,26 23,04+0,27

Mnowaab noBepxHoCTU Tena (m?) 1,91+0,07 1,92+011 1,18+0,17

CnopTuBHBIN cTax (rogpl) 12,06+0,60 12,86+0,26 -

Yucrno cepaeyHbIX CcokpalleHunn | 60,02+1,43 * 61,07+1,08 * 78,12+1,20

(yoapbl'MuH™)

VO2makc (Mn-Kr*-Mun™") 56,47+1,33 * 56,31+0,46 * 41,34+0,48

*p<0,001 B cpaBHEHUN C KOHTPONbLHON rpynnow. [NprBedeHsbl cpeaHne BenuymHbl £ SD.
N3 221 cytbonucta HeogHopoaHas cTpykTypa reometpum JDK Habntoganacek y 46 (20,8%), cpean Hux 37
CyOBEKTOB C IKCLEHTPUYECKOW runepTpodment, 7 C KOHLEHTPUYECKOW rvnepTpodmen, 2 C KOHLEHTPUYECKUM
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pemogenvpoBaHmeM. B To e Bpemsi, y 60puoB BhisiBUIach Oonee ogHopopHas cTpykTtypa reometpum JIXK: y 5
(9,8%) akcueHTpuyeckas runepTpodumsi, y 46 -HopmanbHas reomeTpus. MHTepecHo, 4to VO2makc Obin
OOCTOBEPHO BbIlE Y CMNOPTCMEHOB C MoBbiweHHbIM MMJTK (58,12+0,89 mn/kr/MyH), 4em y CMOPTCMEHOB C
HopmansHon MMJTXK (56,03+0,53 mn/kr/muH, p<0,05).

OBCYXOEHMUE - 3AKINIOYEHUE

MMoBbIlWEeHHbIE nNokasaTenu MopgoMeTpuM NEeBOro >Kenyaoyka CrOpTCMEHOB BbICOKOM  KBanudukaumm
obycrnoBneHbl NPOAOIMKUTENBHOM W MHTEHCUMBHOW dm3myeckon nogrotoskon.  Pasnnuve B BO3pacte u
CMOPTUBHOM CTaxe Mexay 6opuamun u gytbonuctamm BbINO CTAaTUCTMYECKN HEOOCTOBEPHO, CneaoBaTenbHO,
npuynHy ©Oonee uvactonm runeptpodun JDK y dytéonmctoB, Yem y 6GopuoOB, HYXHO WCKaTb B cneuunduke
PU3NYECKMX TPEHMPOBOK B 3TUX HECXOAHbLIX BMAax crnopTta. Mo Hawemy MHeHuto, Habnogaemble U3MEHEHUS B
MopcOMETPMM FEBOro Xenygodka Obinyv CBsi3aHbl C pasHUMUEN B MHTEHCMBHOCTM W MNPOAOIDKUTENBHOCTU
OVHaMUYeCKOro KOMMOHEHTAa B NPOrpaMMe TPEHMPOBOK 3TUX ABYX rPYMM CNOPTCMEHOB.

Pe3ynbTaTbl Hawero nccnefoBaHusi BbIBUMM YBENMYEHNE pa3Mepa MofoCcTM M TOMLWMHBI CTEHOK, Takke Kak U
maccel JDK, ykasbiBas Ha Tun reomeTtpum JDK Gonee xapakTepHbll Ans cepdua, TPEHWPOBAHHOrO Kak Ha
BbIHOCMNMBOCTb, Tak M Ha CUNYy, YeM TPEHUPOBAHHOIO TOMbKO Ha BbIHOCIMBOCTb, NGO TOMLKO Ha cuny. JTO
ABMNSETCA OTpaXKeHWeM XapakTepa TPEeHUPOBOK (yTOONNCTOB, cogepXalmux Harpyskn Ha cepaue AaBleHuem U
06BHEMOM KPOBU B pe3ynbTaTe N3oOMETPUYECKMX N M3OTOHNYECKNX ynpaxkHeHn. CxogHasa Mmogernb, BbiiBNEHHas Yy
6opbLOB, Takke MOXeT ObITb CBA3aHa C KOMBMHUPOBAHWEM Harpy3oK Ha BbIHOCIMBOCTb M CUNY B UX Nporpamme
TPEHMPOBOK. HecMoTpsa Ha TO, YTO Mbl OXMOANU HAWTM Cnyvanm KOHUEHTpUYEcKon runeptpodumn y 60pbLoB,
ncxogsa M3 crneungurkn ynpaxkHEHUn MX TPEHMPOBOK, Halle WCCrefoBaHWE BbISBUMITO BCErO MMLb HECKOJSbKO
cny4aeB (5 u3 51) akcueHTpudeckon runepTpodun. AT Haxogkn TpeOyloT AanbHEWWero KOMMEKCHOMO
nccrnegoBaHust, YToObl YyOOBNETBOPUTENBHO OOBACHUTE UX MPUYMHY.

Haww paHHble nokasbiBaloT, 4To VO2makCc CNOPTCMEHOB BbICOKOW KBanudukauuvm Bbllle, Yem Yy
HeTPEeHNPOBaHHbIX UHAMBUOYYMOB KOHTPOSbLHOW rpynnbl. HecmoTpsa Ha 1o, yto Benuuudbl KOO, MIDK, n UMIDK
¢yTbonmcToB GonbLue, YeM y 6opuUOB, OHU MMET NovTK cxoaHblin VO2make, n yem Boiwe MMITK, Tem 6onblue
VO2makc. Pusnonornyeckass runeptpodus, nmerowas Mecto y CropTCMEHOB, CBA3aHa C MHTEHCUBHOCTBIO U
NPOOOIPKUTENBbHOCTLIO  TPEHWPOBOK WM HaxoguTCs B MPAMOW  KOppensdumm C  ypoBHEM  PU3NYECKOWN
TpeHupoBaHHocTM unm VO2makc. MoxHo 3aknountb, 4to VO2MakCc 3TO napameTp, KOTOpbIA Nny4lle BCero
koppenvpyetr ¢ WMIDK. PesynbTaTbl Hawero uccnegoBaHMs MOTMyT CMOCOBCTBOBATb OLEHKE TEeKyLLero
dm3nyeckoro coctosHus crnopTcMmeHa. Kpome Toro, HeobxoauMMbl AanbHewnlwve uccredoBaHusa AN nydiwlero
MOHMMaHWA TNyGOKUX MexaHW3MOB ajanTaumu cepgua K MpPOAOIDKUTENbHbIM U WMHTEHCUMBHBLIM (hU3NYECKUM
TPEHUpOBKaM.

NMPAKTUYECKOE 3HAYEHUE

CpaBHeHue pa3mepoB cepua ¢ VO2makc BNoAroTOBUTENIBHOM MNEPUMOLE W HAa MUKE Ce30Ha MOXET MOMOYb
TpeHepy moaudmumpoBaTb nNporpammMy TPEHUPOBOK U AOMKHbIM 06pa3om npucnocobutb ee k cneuundunyeckum
noTpebHOCTAM CnopTCMEHa, a TaKkke onpeaenuTb ONTUMarnbHbI 00bEM YMNpaXHeHUn, 4YTobbl u3bexatb
neperpysku Muokapaa.
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RESUME

Plusieurs adaptations de la forme et la fonction cardiaque apparaissent a I'entrainement sportif pour améliorer la
fonction cardiague comme une pompe et augmenter ainsi la capacité aérobie. La consommation maximale
d'oxygene ou VO2max est régulierement utilisée comme indice de condition physique, mais sa relation avec les
parameétres structurels du ventriculaire gauche restent a établir. Nous avons étudié, chez des lutteurs et des
joueurs de football de haut-niveau, l'effet a long terme, sur les réponses cardiaques, de I'entrainement physique
intensif avec des régimes différents. Le but de cette étude était de révéler les paramétres structurels du coeur qui
correspondent le mieux a la capacité aérobie. Ainsi, 51 lutteurs et 221 joueurs de football, et 48 témoins sains de
sexe masculin sédentaires ont subi une évaluation cardio-vasculaire avec suivi médical, examen physique,
électrocardiogramme, échocardiographie et test de consommation maximale d'oxygéne. Les données indiquent
gue athlétes de haut-niveau de sexe masculin avaient un ventricule gauche plus important, une épaisseur plus
importante de la paroi ventriculaire gauche, une plus grande épaisseur relative de cette paroi, une plus grande
masse ventriculaire gauche et indice de masse ventriculaire gauche (LVMI) plus important, une plus grande
valeur de la consommation maximale d'oxygéne par rapport aux témoins. L'hypertrophie physiologique qui
apparait chez les athlétes est liée a lintensité et la durée de I'exercice et est directement liée au niveau de
conditionnement physique ou VO,max. Il a été conclu que le VO,max est la variable qui correspond le mieux a
I'indice de masse du ventricule gauche (LVMI).

MOTS-CLES: échocardiographie, consommation maximale d'oxygéne, hypertrophie ventriculaire gauche,
capacité aérobie, indice de masse ventriculaire gauche (LVMI), modéles de la géométrie ventriculaire gauche.
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