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Left ventricular dimension, and maximum oxygen uptake in top male athletes

Shukoh HAGA, Mitsuo MATSUDA, Etsuo UEYA, Ryuhei KOJIMA,
Hideo IKARUGI, Shigeru NASHIBA, Kenji TOGASHI, Toshiaki NAKATANI,
Kunimasa KIDOKORO

Little is known about the structure of an athlete’s heart or its anatomical variations in Japan. The
purpose of this study is to investigate the physical endurance and capacity of top male athletes in the
All Japan Class, by means of echocardiographic and aerobic work capacity measurements. Echocar-
diograms showed interventricular septum thichness (IVST), left ventricular posterior wall thickness
(LVPWT), left ventricular end-diastolic dimension (Dd) and left ventricular end-systolic dimension
(Ds). Many indices of hemodynamic response were calculated to evaluate the left ventricular func-
tions. The top, competitive, athletes who participated in the study, were 12 track and field runners, 19
soccer players, and 19 baseball players, their average age was 22 (ranging from 18 to 28) .

Key words: echocardiography, left ventricular dimension, left ventricular function, maximum oxy-
gen uptake, top male atheletes

uptake per body weight (\.702max/ weight :

‘The results were as follows : ml/kg/min) was significantly found to be

1. Height of track and field G., soccer G. and the highest (71.0 ml/kg/min) in the track
baseball G. were 172.8cm, 172.7cm, 175.7 and field G.
cm. Body weights were 65.5kg, 68.3kg, 71.2 3 . Interventricular septum thickness (IVST)
ke, respectively. . and left ventricular posterior wall thick-
2. Maximum oxygen uptake (VOpmax : 1/ ness (LVPWT) had about same values
min) was 4.57 1/min in the track & field G, among the track and field G. and the soccer '
4.72 1/min in the soccer G. and 4.55 1/min in G.
the baseball G., but the maximum oxygen 4 . The left ventricular end-diastolic dimen-
sions (Dd) measured about 53 min in three
* BAIRF B
¥ % IR R I groups. However, the Dd per body surface
* % R RIS area had the greatest value in the track and
o ok ok FIEK ARG HIFER) field G.
® % % % K FRCORER A 5. The stroke index (SI) of the track and field

% ok ok ok ok ok M| RS S ER G. had greater values than any other
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groups.
6 . Fractional shortning and mVcf as indices

of heart muscle contraction showed the

highest values in the track and field G.

1.% =

—RBBEEENRE L TOREFAMCET 2

WETEBERBREREDOE W20 S, FAL
HHEOE"S 5, H2VEROLEREOEYPSE
BESNTETVS, i, AFEECBVTHE,
WEEOLEEICDOWT, EENEPEEELT
I-HERI - TR ENB L3R, Z0H
EoArRHVIIRERIH AN TV
52)12)14)15)17)18)19)21)0 L/i')btfb§ 6, é%?%ﬁ:létaz
DWTHRARBRREREZHEL, MEOBER A
THEZEEAEASN TRV, F 2 THAR
FCREBRNFEEL L TORABRENE
&, BERLT 2 —RE X 5 AEERBED MITE
REEEIERHIEL, MROME LHE L5, &
DBEOBF—RBEEZEO2BFAMEICD W TRES
LE5&T28DTHS,

2. % &

1. Lxa—[E

D a—-REOERES LU TS
s g pioeeze &g SR BN HHIEL
TELHEEEROFETER L2, AR TR
BMEFEZLLE—ARAF Y iICL TLIHKE
&, bbb, WBLZI-KEHRELEZES,
AT 6 DOME— N E—ANLEHRE (inter-
IVS), ZEEANE (left
ventricular cavity LVCO), EE®E (left
ventricular posterior wall : LVPW) % EZER
VANZB LTRSS X5 IC UTEmL 7z, O
o —Mh o ERIEREANE (left ventricular
end-diastolic dimension : Ds), ZEZIUEREAN
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Table 1 Physical characteristics in track and
field group, soccer group and
baseball group.

Track & Field Group n=8

Mean SD Range
Age (years) 21.4 2.97 18~28
Height (cm) 172.8 6.54 165.0~185.4
Weight (kg) 65.5 11.58 55.5~96.9
BSA (m®) 1.77 0.17 1.64~2.23
Soccer Group n=19
Mean SD Range
Age (years) 23.5 3.27 18~28
Height (cm) 172.7 5.30 165.0~185.0
Weight (kg) 68.3 6.36 60.0~82.0
BSA (m?) 1.82 0.11 1.67~2.07
Baseball Group n=19
Mean SD Range
Age (years) 22.0 2.67 18~28
Height (cm) 175.7 5.34 165.6~183.4
Weight (kg) 71.2 5.69 60.0~80.5
BSA (m?) 1.88 0.10 1.70~2.03

Joo REREME TIXEELEEL. 77Tm:, Vv b —8$1.82
mTH-7z, FEREEZL.8mTH D, D 28
HEREWE (P <0.05) 2RUT, HEETRE
PR LRSS ZETHH 7,

2. BABFENE, RABRKE, &EOHK
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R 2IFRABRRTENE (VO;max : 1/min), #
B @%ﬁ@?’%ﬁﬂyi{ (VO,max/weight :
ml/kg/min), AT E (VEmax : 1/min), H&5
080 (HRmax : beats/min) OFER % 8HHIC
RLIzbDTHS, mARBBINERRELFTL
57 1/min, v & —F 4.72 I/min, BFEREE 4.55 1/
min T3HHEEBEREI 2P olz, HEYLD
DOBRKRBEERETH S L B EFET1.0ml/ke/
min 2R L, v A —E1369.9ml/kg/min TH -
Yoo Eiz, FFEKERIZ64.0ml/kg/min THo7ze
DOFER, BEHIFRBECH L TERIZKREL

(P<0.05), 7% v A —BI BB LER
WWREWE (P<0.01) THol, RABTER
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e BB, Vv & — ¥, BFEREEILIC 145.9 [/min, 145.
2 1/min, 143.6 I/min & EZEAEEZ R L. BE
O 78 #0103 B8 b B 195beats/min, ¥y h — B
193beats/min, BFEREE 188beats/min & & FEEIZ
FEHRE N LEWE (P<0.01) 2RL7, i
b —FHLHFRFCH LAEECEWE (P
0.05) THo7z,

% 3 BOERER L CIITEIREEEEIC DWW T
RLEODTH D, W UDICLEREE (IVST)
WDOWTHB &S 8nm, H v & —FE9. 6mm,
BPEREE10.3mmTH o 7o FFBRER IR FRR LA

BRIRREWE (P<0.01) Tholz, %7z, £E

BEE (LVPWT) 1ZEELRE10.0mm, v b —F
10.5mm, BPEREE12 Omm% 7R L, BPERELIZEE BRI
L (P <0.001), ¥ vA—EzxL (P <0.01),
DERBVIFNLREWI L BRI, RICOHE
DA & & (dimension) A 5HE L L TOEEY
RICHANEE (DA) 12 DWW THh B &, BEEEES2 . Tmm,
v h —FE52 .5mm, EFEKEES2.8mT 3B ER
Exkrol, £z, EEIERINE2EET
L7z b (DA/BSA) TH 5 ¥, [FEEEEX30. Omn/
mtE Y, Yy A —FEi328 . 9o/, BFEREEIZ28.2
mm/m T H o 7z e LRI BRI LERIT K E
WE (P <0.05) Th o 7z, ZENEEEANEE (Ds)
oWk, BEEEE33. 0mm, Vv b —FE33. 7Tom,
FFEREESS. TimTH - 7o, BFERBFIIEE EERIC LT
KRE{E (P<0.05) THolzo LHLEMNS,
EERKEASRE (LDEDV) 38 F#147 . 3m],
B b —FE146.6ml, BFEREEIZ148.5mlTIEIE[EE
BRLTze

£z, LEHENOBEO—DEEZ 5T
ZNREER (FS) ZRELEE, v b —Bf, BB
HTth®ns36.9%, 35.5%, 32.1%%RL7z,
ZORER, BEFIFRECILAERICKLE S
(P<0.0D), ¥ v » —EELEHRECHLER K
E72fE (P<0.05) Tholz, UL, BEEHE
T —EOMICERER D 5Tz, FHNE
HIHETRE (mVef) 3&#E L &4 1.02cire/sec,
0.97circ/sec, 0.89circ/sec Za<L, FEFHIIZ A 3
& B L EEASEFERER IR LB WE(P <0.05) TH -
720 —EHEH B B FTEAS110.3ml, Vv & —EELS
105.9ml, BFEREESS101.8mlTH - 7z, B EREITET
BRERC LAREWE (P<0.05) Tholz, FE—
EUE T T 2 —EfAHGRE (S TH 3L,
EEED62 . 6ml/nt, v A —FEHSS. 2ml/nf, EFEK
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Table 2

Maximum oxygen uptake. maximum

ventiration and, maximum heart rate in track

and field group, soccer group and baseball

group.
Track & Field Group n=38§
' Mean SD Range
\./OZmax (1/min) 4.57 0.46 3.64~5.34
VO2max/Weight  (ml/kg/min) | 71.0 | 10.5 | 53.2~84.3
VEmax (1/min) 145.9 | 19.4 | 112.4~175.0
HRmax (beats/min) 4 195 8.1 181~208
Soccer Group n=19
Mean SD Range
VO2max (1/min) 472 | 0.44 | 3.98~5.65
VO2max/weight  (ml/kg/min) | 69.9 5.6 | 57.0~78.5
\./Emax (1/min) 145.2 16.5 120.2~177.0
HRmax (beats/min) 193 8.9 178~204
Baseball Group n=19
Mean SD Range
\./'OZmaX (1/min) 4.55 0.47 3.88~5.59
\./'OZmax/Weight (ml/kg/min) 64.0 5.22 54.6~72.1
VEmax (1/min) 143.6 | 14.6 |113.7~166.9
HRmax (beats/min) 188 6.4 178~203

PEAI5A . Aml/mP T, B FEER BRI LER K
=W E (P <0.01) Tho', LAHE (CO) i,
EFEREE 6.0 1/min, ¥ v & —85.6 1/min, BFEREE
5.9 1/min & 3 BEMIZIFEMER R L 72, HREME
Mo ) THLIMRBTIREE EEE, Yy B B
BREEZIEL A FRICETER R P> T2,

DB, LR, Yoy, FEERETh
#, 54beats/min, 53beats/min, 58beats/min
TIEIERACETH -7,

4.8 B
EBEIIEEEE - LT ORARIERRE, it
SHETIZ 3BEE b4.6~4.7 1/min OHFE TIZIZF
BETHo1o UL, FEHLY THB LELER
1371.0ml/kg/min, v & —BE 2369, 9ml/ke/min
LR EEER U, L L, BFEREEI264.0ml/ke/
min TH o tz. AFFRIC BT 2 EREDRABER
EREIZHL, IHETHRESNTEREZLEK

T3 &, BRREORFEFOHE, HEAD—H
235V y5vF— (104) W TIE76~83ml/kg/min
<% D FT7Tml/ke/min, A ¥ —IEEEBIEGET (12
£) 197 x70.9ml/kg/min, - RIEEES (7
£) W3 71~T76ml/kg/min TH 3, &7z, EIMC
B 5HEICBOLTIE, Saltin 72 523% < 0%
HEAAR—VEE W B 5 EFORKBRIEN
£1370~80ml/kg/min TH B Z L 2 HATH Y,
Ekblom 7z 514 [E §8 D #F T74.6ml/kg/min T
Hotz LIERT VB, T Ll b A
ZeQRARTER TH s R, Ty 1 —BIRAS
D—FHBEEFL ANV EASORENIEE T 00
rEZONE D, 72, EEFANEETWDLY
3 =¥, EHENLEFORABRRENEIRTO
ml/kg/min ML EZRT D EHEINE, TRD
b, F—=Y Lo TEDSNLEABRE
EEQRRHER, 2 ANEREFO%RE,
A= b BB H70~80ml/ke/min EHEINL, F



BEFEOBERZOVWTHRET 2L, X¥—BE
SEF (124) 19065, 4ml/kg/min L IFIFZEL L, »
D, A X —BFIODKFGEF IO BT B 60~61ml/
ke/min DE L D b K& 2{ETH - 72, BFEREEHM
D 2B UBENETH >0, EErs
B v A B O X 3 B A R EE
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Bl T ABEERNETRE L, T8, R T5F
iy Vo REERNREE OERIKE VIEHR
RICEZDDTHD, ZDEICEBREZEIZD
WTD M=o THAERLMO 2B L ZREDD
DT, 25 LI EMTEL TV 208 5E 0,
LoL, AEbNC I, —RAD ML —=>

Echocardiographic measurements

data in track and field group, soccer

group and baseball group.

Track & Field Group n=8

Mean SD Range
IVST (mm) 8.8 1.8 7.0~12.0
LVPWT (mm) 10.0 1.4 8.0~13.0
Dd (mm) 52.7 2.9 48~58
Dd/BSA (mm/nr) 30.0 2.7 23.8~33.1
Ds (mm) 33.0 3.5 28~38
LVEDV (ml) 147.3 24.6 110.6~195.1
FS (%) 36.9 4.0 32.0~46.0
mVcf (circ/sec) 1.02 0.18 0.81~1.34
SV (ml) 110.3 15.8 | 86.2~140.2
SV/BSA (ml/mr) 62.6 9.3 49.1~78.5
CO (1/min) 6.0 1.73 3.36~8.69
CO/BSA (1/m) 3.38 0.97 2.04~4.90
HR (beats/min) 54 11.5 36~69

Soccer Group n=19

Mean SD Range
IVST (mm) 9.6 1.8 7.0~13
LVPWT (mm) 10.5 1.9 8.0~19
Dd (mm) 52.5 3.3 48~59
Dd/BSA (mm/nt) 28.9 2.2 25.6~33.3
Ds (mm) 33.7 4.8 25.0~43.0
LVEDV (ml) 146.6 28.0 110.6~205.4
FS (%) 35.5 6.0 23.0~47.0
mVecf (circ/sec) 0.97 0.19 0.65~1.30
SV (ml) 105.9 17.3 83.6~142.9
SV/BSA (ml/nv) 58.2 9.1 44.7~74.2
Cco (1/min) 5.6 0.69 4.41~7.00
CO/BSA (1/mt) 3.07 0.42 2.32~3.99
HR (beats/min) 53 6.3 43~68
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Baseball Group n=19

) Mean SD Range
IVST (mm) 10.3 1.4 8.0~13.0
LVPWT (mm) 12.0 1.3 10.0~15.0
Dd (mm) 52.8 2.5 49.0~56.0
Dd/BSA (mm/m’) 28.2 1.9 25.3~32.4
Ds (mm) 35.7 3.5 27.0~41.0
LVEDV (ml) 148.5 20.5 117.7~175.6
FS (%) 32.1 5.0 25.0~46.0
mVecf (circ/sec) 0.89 0.19 0.64~1.53
SV (ml) 101.8 12.0 74.8~119.7
SV/BSA (ml/n?) 54.4 6.9 42.3~68.1
CO (1/min) 5.9 1.59 3.89~10.85
CO/BSA (/o) 3.15 0.81 2.16~5.68
HR (beats/min) 58 14.5 41~103

7D _ERR1Z60ml/kg/min EHEE L T35, LE
WRLIE D CHRBERNRERTI2HEETHL Y
X —BREPKEKBRFOME O KE W LI, BFER
BEFE L THIEFERECEERRNEEELE LT
W3 EEZONDS,

Wiz, T2 LI KBRRERE IS 5 /068
Bl L UEZEREE (left ventricular cavity) @
Dimensional 72K TCHEEEEQE » SRET L T &
e,

EPFFRICBWT, IFOLHEERE, Thbb
IVST 8 X O LVPWT 225 4 % & B -F#8. 8mm,
10.0mm, ¥ & —E£9.6mm, 10.5mm, EFEREE1Q. Smm,
12.0mTHo7, ZHIEIL, THETICIRES
NERBPEO~YS Y VI v F—DERTII,
IVST 1%8.5mm, LVPWT 310.2mm & V> 5 R
BeEND, AR COBELHEIEEALZD<T
Vo vr—OEEECERRL, £z, B
DIED S & B &, KEFEFDIVST : 10, 6mm,
LVPWT : 10.7mm, FE LB 0T - RIAEESEFS
IVST : 11.3mm, LVPWT : 10.9mm, 7 ¥ F 27 v
A Z—3IVST : 13.7mm, LVPWT : 13.0mn % 7~
LTWwb, iz, iRz £ 2 RESEEF YO
ATEIVST : 9. 7mm LVPWT : 9.0mmTdH %, &
5z, MOMET & 2 FANTEGET (20%) 90
IVST 1310.6mm, LVPWT {310.9mm & 3B~ T v
%, o7 anNAry NV R—VEFEVOEEE A
2L, AERFIZIEEN2 mBEE, HHr0iIEN

DERRTENSHNI Eh S, BREOERIZLD
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RV i —BEOEIZHERETF L, oL
ErEzrRTbOrEZOND, X, BE, &
BHEWIHENHERICE2 002, HBWVIFEK
ANELTORBHZBENKRFICL 2 bDO2IER
HThs, BREOBGEIENOERSELALT
Hotz, BHREOOHEENBEWEREZRLEZ
YiE, BEMLO 2LV EBRICKE Lo/ L
BREBLTWAHbENT L, Lal, 2
INEROE > BELVEZOND, Tibb,
FEGEFOEED L —= Y PHRBEBNT, #
Bhirr—=v2, HrugEmrr—=v7t
WO BB EERANER B IO d
HONDBDE L IEOBEN D L WITEOHE
BRI EE5y v 2 2 SFEHEE, D20
isometric ®° isotonic KX K 2T b v—=2 7D
EELD D, I LI ol T L b EREREN
DEERF TR, BULAERRDOEENIERE I
RKEWZLbEZONS, 29 LT EDRIEN
DEDIEAR % S 3L, EEEERY v —FLY
bILEHEEENEN LW FEREERL T 5 R
HHREWEEZBNS,

WIZ £ ZE D dimension & L TOILERIINE
(DA), IHBHHEAREE (Ds) »oRETT 5 &, &

A
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WHRDFER, 3 FEDMEIX DA A352~53m, Ds i
33~36mTH oz LR LIEHEAARTT Y 5
> F—9DiEE, DA 1250, 8mm, Ds 1336.3mn & V> 5
ERRESNT WD, Fiz, K¥EY v 2 —EFDD
B4, DA i352~53mm, Ds iZ36mTdH 0D, AEHFFE
DIERLIEFLALCELWERHEL TV, B
DEE M S AN, Gilbert 2 5NIEAW T
F—® Dd 1342~59mn T FEIE T 1350mm & BERT
W3, %72, Morganroth 72 5 '3 KEDRELT ~
F— 084, DA 1E50~61mm T FHI{E TiE54. Imm
THotzZ kB HTW B, Nishimura 72571320
D 7 1 HEEBEERGETF Tz DA 1355mm, Ds i
36mm & EE L T b, Pavilik 72590 L i
A=A N)TFFYaFIF—LA0HEEEEE &
CRIEHEZ » 7 — OFEEE DA #3553, 4mm, Ds i
36.8mm, Cohen 72 b2z L i, RIS ~ 7 — i
Dd #355.8mm, Ds 1334.7mm & > S {EEIHREL T
b, UEOERD >ENTHE, AHEOESE
dimension 13 Z 11 & THE S il —FRBEiH 5
FOELERBEUCTHL EEZOND  ThbE,
£ @ dimension D& b BHIRRIEEE L TD Dd
B—MOB AR E DS, HREROMEZIZ X -
THRRLH53~5moEHED LR EEZ Sh
X3, L»L, BEARKICAS E60mIZEL LD
WEINTNVD,

Wiz, AHEOER» SRELE, Vv b —8,
BPEREED LRI RN 2 T2y, R 2 1 3EHORE
L) DREABERENREERLIESDTH B,
Be EFE, v A —EF1370.0ml/kg/min & K& <,
BFEREEI364.0ml/kg/min & /NS WETH 577, %
7z, DAkt 2 ARERL D OEEE I » S
A5k, EIREICELFIIAE L, FEREZaw
ETHotc, Thbb, A—EHUETHS LELE
DEZAEIIKRE », Ei2, Vv b—FEbEFERE
R LREWERAZR L, TRhbb, St
T2 DAdDEENRKEVWIEERTIDTH S,
R Ry A —BEd £ 72, [IVST ® LVPWT 28
NV, 2ERAM NV —= Y FORERIC L B0
i > dimension REEFE~NDEE W T 35T
13 Dd Dk, Ds DA & &bz, OEIGELO
R EWIETFICL > T—EHHHEOBAHEL
LT BMEIHBND, £z, MOHREDTIZ
VaF¥r ks b v v S OBE, BAME
BEREORA Lz, —EHHREOMINERD,
ik, Dd L EEIGREREEOBERICE S
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DELTWwE, BiZ, EERWRCLZBEDLKX
EWERNTNE, iz, T2 bLr—=
YT DRI DOWT, LRy 7 —EFEIR
WLTRETLTW 3D, RABREREDOEARL
12 Dd oA b F D, Dd i3 heart ability 12EF
542b0THBS RT3, FiZ, Iv b
BRHW N vV T ORER, LT 25
ZEBORNR IEBIR OYLK (enlargement)
7213, HIEIMTT (collateral circulation) ~ D&
NEZOND ETIHREWbALND,

Tabh, LAEENEL, AENPKEVREWN
HZEiF, BRELTOEEDEKEWI FEE
WORBICL 2D ERbNs, INIEBEECE
J 3 MAFTHENKE <, LHOMWE, HRE W
SHIBAEMZ TIEVIET LI BRICERT 5 b
DErBbhd, Fic, NEEHERLTEHNRELEE
HEROHIEN 2R THEELLTEZONTY
20, BELEEPYy I -BiEIREVWI LD, L
DL D KRERIFEDC & > TRRIMKE Z2HA
FLY, oTLVELDHEBERET L LN
£z ohb, F3O—EFHHFAE (SV/BSA) 3
BRI L TRE WERZ R T 2 L3 F DFEL
LB, ki, BEHRBEOHKELL D ORKEBR
BIERAEY D O Dd DEI/NShole &
IXEFEREED b v — =V S DREBMLD 2 B L R
D, EENECRIZTTHENRELZ D TH2 5,

5. % BB

ARFFITEE W L o — ki L 2 EERNED
R 2 ARBIERRE L L TORAERER
WE» o BF—RBEHEEOEERA LI OVTHR
HLzboThs,

BB I HARE L EFEASSCHIE T 2 EE
HEFrEELEEI2E, HRY -7 1 HFiBET %
EEFY v H ALY, 2EHSATHGETE
AREFIHBORB LB T 5 FEMBFHRTE19A
Thote, ERIZ18~285% T 3 FEDFEHERI1Z22
BRTH-o72,

ERIZROEY TH S,

1) LR, vy —F, BFEEoOEC, &
oW TH B ERRLT2.8cm, 172.7cm,
175.7cm, 152 1365.5ke, 68.3ke, 71.2kg&
TP R D RERETH -7,

2) BAEREIRE O MIE I3 FE 457 1/
min, % v & —& 4.72 1/min, BFEkEE 4551/
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1)

2)

3)

min TH o7z, Lnrl, HELDDEK
TR E T EEESS71 . 0ml/kg/min T
bKE L, ¥y H —BEI269. 9ml/keg/min, FF
HEEIZ64.0ml kg /min TH 5T oTHb B,
Me R, vk —EEIZ B TIid70ml/ke/
min D VRV ERL, AHNO—ROLEFF
AEBEE LB UAKERR L, 72, B
BREE S MOBRER L L, SVWEEE
HIfEZERE 2R LTz,

3) LETREE, AEGEEEIELE, vy
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