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Abstract

The purpose of this study was to discuss the effect of swimming efficiency (e), buoyancy, and
participation of aerobic and anaerobic metabolism on the relationship between swimming performance
and energy metabolic capacity.

The maximal oxygen debt (O; debtn.,) and maximal oxygen uptake (VOsm.) were measured after
and during swimming in a swimming flume, as a parameter of anaerobic and aerobic capacity,
respectively. Oxygen requirement (E) and swimming efficiency (e) were calculated from O, debt.y,
VO2max, and swimming record. The subjects consisted of 44 freestyle swimmers with different sex, age
and swimming record.

The correlation between O; debt,.. and 100m swimming speed was r=0.551 (p<0.01) for the
group of whole subjects, while the coefficients for the three groups classified in terms of e, (e in
100m swimming) were r=0.739 (p<0.01) for the low e, group (N=14, €,£3.33), r=0.912 (p<0.01) for
the intermediate e, group (N=17, 3.33<e;<4.19), and r=0.645 (p<0.05) for the high e, group (N=13,
4.19<e)).
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The correlation coefficient between Vo3, and 400m swimming speed was r=0.554 (p<0.01) for
the whole group including all the subjects, while these coefficients for the sub-groups formed for e, (e
in 400m swimming) were r=0.730 (p<0.01) for the low e, group (N=14, e,<5.24), r=0.927 (p<0.01) for
the intermediate e, group (N=17, 5.24<e,<6.56) and r=0.486 for the high e, group (N=13, 6.56<e,).
Thus, correlations between swimming performance and metabolic capacity became higher for the
group of subjects with homogeneous e than for the group of whole subjects with greater variability in
their e. This result suggests that the relationship between swimming performance and metabolic
capacity is markedly effected by the factor of e.

Correlations between swimming performance and metabolic capacity were higher in absolute value
than in relative value (/kg). This is probably because body weight is supported by buoyancy in
swimming.

Swimming performances in 100m and 400m races correlated higher with E than with O, debt ..,
or Vosma This suggests that contributions of aerobic metabolism in sprint race, and of anaerobic
metabolism in middle and long distance races should not be underestimated.

(Takashi Kurokawa, Taiji Togashi, Takeo Nomura and Haruo Ikegami, ‘Relationship between
swimming performance and maximal oxygen debt, maximal oxygen uptake, and oxygen requirement”’,
Jap. J. Phys. Educ., 29—4 : 295—305, March, 1985)
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Table 1. Some physiological data and best records in freestyle swimming for the subjects.
Age Height Weight RVo, t Best record(min : sec)
(years) (cm (kg) (ml/min) 100-m 400-m
Male .
I Sl S ol
By mm=0 TS b moe os o ma
X 17.6* 167.6** 63.6 267* 1:07.0** 5:30.8**
Unskilled  (n=5) }; 1.27 4.10 9:.348 18.1 4.2 i2.7
X 20.1 170.1* 66.3 264* 1:01.2** 4:35.8*
Trained (=5 2 0.37 3.50 2.79 23.0 1.6 34.7
me w3 M W00 m o wi e
Female
< . . . . < 06.6%* CB. 4
R i A
I
s ap 3OES W Seome o ver cur

trVo, : resting Vo,

Significant differences from male elite swimmers(*p<0.05, **p<0.00).
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FEFA—BARAE. VomeDBEFICELTIE
Vozo VR A7 REEREL.
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Pk ECRIELL.2//min AHV LT
CBD, AR TRIBESMINEERE TERA
B LIRS 7o dIc D 2B Vo, (BF¢0.3521/
min, ZF70.186//min) I & Bk DR Vo,
Iz i, s, BBE1! o REEfEII5kcal, 1kcal 11
427kgm & L1c,

K¥kEED E (I/min)ix EA+EBXt1 & LCEH
L.

£ R

1. B0 0, debtmax, Vosmaxs & U E

0, debtmax, Vozmar, 100m &400m © E, ¥ X ¢
e i\, EFDOEHE L EZE#ERFZE% Table 2
Rlic,

O; debtmax i3t « 3 « KKEFTIL L T X DE
NELD, KEHGOTDEFF=Y - MFEB.05
DREFEOLEHLTREVER/RLLE, RVWTKE
WORDVEINFED6.99 Thote, PEIRHLEK
BREED O, debtnxXBF=V — P HOEI VEE
&L, ThEFhFD58% (p<0.01) £86% (p<

Table 2.

0.05) T &Ehhote, TFDOEFHD O, debtuax
L3HF=Y - FHOEL b ERIEL, L IE
©4.591, LN BEC5.260, LF =V — + BET5.82
[ THo7e, O debtnaxZ BEY D OETRT L,
X EOBETHRT, EHOENERL L, ©

UCAEIRE, KRB, A¥ERBSIVEF=Y -
PO AROECRAERENL, ThHLOEE
DEZ111—131ml/kg DRI H -7, LaL, 4
EIHELTTFOLBRI0ml/ kg §ik o E xR
L, PEIHLLPTIHTRBET=Y - XD
FETEI- .

Voumax DIESHETIE, BT =Y — B (4.041/
min) 23PEIFE (3.70//min) LIAD 6 Bz L
THERLEWMEX R L, PETR, KRERX.
CREHRI TR EZRBF=Y — + #HD70%, 77%,
NBIHYTHEELRLY, KFOEBHOMHEILE
F=) — b FHEOH60%IZH YT 52.5]/min 774
Thok, Voma KEY D OETRT &, 3t
EOBEERTCEFHOMENETL, VEIH,
VPENBFBIVCBETF=IV -+ HOo3FEDHE

Maximal oxygen debt, maximal oxygen uptake, and oxygen requirement and swimming

efficiency in 100-m and 400-m swimming for each group.

0, debtmax VOzmex

0O, requirement Efficiency

100-m 400-m 100-m  400-m

O /K> Wmin) T (1/min) MUKE/ (1/miny WK/ oy (%)

Male
Boy 1 % 4.68**  96.5° 2.83** 59.1
¢ 1.3 202 0.43 6.6
Boy I % 6.99 1219 3.70  60.3
o 1.44 278 0.50 0.8
. % 6.93* 111.3  3.11** 50.6**
Unskilled o 0.45 5.1 0.37 4.3
. % 8.67 131.1 3.63* 54.8
Trained o 0.8 14.0  0.38 5.3
Elite x 805 118.6 4.04  58.2
o 0.89 1.1 0.18 3.7
Female
) % 4.50%  92.2%+ 2.54**  50.4**
Girl 1 o 0.39 10.9  0.33 3.1
i % 5.26%  97.2  2.43**  45.0%
Girl I o 0.84 14.5 0.71 2.0
. % 5.82°% 103.6 2.51%* 45.3**
Elite o 0.92 21.6  0.29 5.0

6.65%* 137**  3.42** 71.2  4.61*  6.80°
161 21 0.59 7.8 0.8  1.14
10.74 175 477 T8 347 4.9
1.98 25 0.59 3.7  0.67 1.23
8.40°* 134**  3.86** 61.2°* 2.75"* 3.88**
0.72 13 0.40 4.0 0.24  0.50
11.10 168 4.89 740 2.85**  4.96**
0.85 14 0.49 7.4 0.37  0.43
11.52 164 5.32  75.9  3.53  5.82
0.87 9 0.24 3.6  0.25  0.27

6.10** 122** 3.12**  62.4** 4.10** 6.66
0.58 9 0.35 2.9 0.25 0.84
6.74** 125** 3.14** 58.0** 4.03* 6.81**
0.80 14 0.10 1.0 0.18 0.34
7.59** 137 3.36**  60.7°* 4.25** 7.28**

0.77 18 0.21 4.7 0.28 0.74

Significant differences from male elite swimmers(*p<0.05, **p<0.01).
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(58.2—60.3ml/kg/min)ii2FE L o1, K
ER#¥ (50.7ml/kg/min) & &FDEE (46—50ml/
kg/min) (LAEEYS D TRT b VosmadME A - 7.
KHFE (54.8ml/kg/min) (X AERFELBF =) —
FEDOIZITTRICS - 1o,

100m ® E i3 HBF =y — + B (11.52//min)
PEREERRL, KEFRXZDI6%, VEINFL
93%, KEREFEIXT3% (p<0.01), A4 IF358%
(p<0.0D) THot, TFOFTH, TF=Y -
FFEOME (7.59]/min) NEBEHAE L, thidH
T=V— rBED66% (p<0.0D) HY L, bt
I HEPTNBOERETRERBF=Y — O
58% (p<0.01) &59% (p<0.01) THot, {&
BEMHOERAD E, VENF, KERBIUH
F2V)—- P HOIFRIREEZFELL ol
(164—175ml/kg/min), AFE I F, KRFERSI T
TF=V)—-+HEXFF=) -1+ FH082—84%
(p<0.05—0.0D) &, ¥/ IFEL LTI
FDT4—76% (p<0.01) wHYTAHEPRLE.
400m D E ThBEF=Y — b3 (5.32//min) A
EEEPRL, KEFBILORNY, VPEINFI
90%, KEREBEIT3% (p<0.01), A4E T BEi364%
(P<0.0D) THot, TFOEHDOBERFF=
) — FBED59—63% (p<0.01) MM L1, FE
YhoETHBE, PEIF, PEIF KFEH
BIVBF=V— B0 4F0ME (71.2—77.8
ml/kg/min) ZIFZE L I ote. KK, D&
I#, PRIBRIVLZF=Y) - VHEOEREF
=Y — FFEDT6—82% (p<0.01) THoic.

2, KikEiEsk & RBEEH & nER

100m DKHGEE & O, debtmax & DEFRE FEM
BT 3D IEEZEOHBER Y fER L (Fig.
D. BF =Y — B O, debtmax & KBGEEMN &
LB, RosLH L, XF=V—t
2 0, debtmax WHEE T, KKEEXNILIE
WBIR D -1, PENFBZZAGD 2HD0IE
-7, LT, 2hbD IFOERRLE
T O, debtpax DIEVFTCAME 1T B, O IR L
UCALNBEMIE LI, KRBRIZALOEND
i EERILE, T7bb 0, debtpa W HEE
TREEEDEV MBI -7, K¥EHD 5 AF

45

BI60FE 3 A

12

N=44. 1r=0.551

1)
o

Maximal oxygen debt

1.4 1.6

Swimming speed

1.8
(m/s})

Fig. 1 Relationship between maximal oxygen
debt after flume swimming and swimming speed
of the best performance in 100-m race for free-
style swimmers. Boy I A ; Boy II B ; Unskilled
% ; Trained © ; Male elite @ ; Girl I A ; Girl 11
[J; Female elite O.

N=44.r=0.554

{1/min}
»

Maximal oxygen uptake

1.2 1.4

Swimming speed

1.6
(m/s)
Fig. 2 Relationship between maximal oxygen
uptake during flume swimming and swimming

speed of the best performance in 400-m race for
freestyle swimmers. For symbols, see fig. 1.

48, BF=9 - BERPEINBFIEXTO;
debtmay THIRIEEL WA, KEEE TR hE
WD - T,
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400m DKL & Vogmax & DRI R L e D
M Fig 2TH 5B, KEFHEVENFEOMEI LD
ANB-TwB 2 ERBRITE ZoBaicd, 100
m DKEEE & O, debtnax & DBEBRICELL 7=
HHARBD LRI,

PEo X 5w, BN &KEEE & DBIfRIC
BOWTEHBIEBERLEMNBEY HH T, £LT,
DEIHE, BF=) -t ERIULTOLHLYE

DTAFLL, KR, REHBLIUDRIEHL

EDTBHETHE, ABOHEERXBHEHONE
HIERTHRRBREL TV, 20X 5 55 R
fri3, E—ORBENTH L VEL KTz %
RTZEMD, eDFVZ EETRTS, F2T
EHDeRFE2TLDE, 100m OFEIZ, VF
NEFLHTF=Y — B (3.47—3.53%) LIV
FEIRELFOEE (4.03—4.61%) (ZKEREEE
KEFFE (2.75—2.85%) X h BWMEEZRL T,
400m DFEF I, PEIHE BF=) — 1 ERX
U Fo&E (5.82—7.28%) FAENEE, Kk
BEds X OKERE (3.88—4.96%) L h S\ MERT
LTWwie, SOXHi, KkEE ERBEEDED
BIRRIC B WTHIREL T B, e THE
WEZRL T,

Z T, KEHEE &RBEED L oG L E

HT 2L T, £ERELRRBICLEEEE,
I > THBILAHERERENRICLIEE L
HBELTLRK, Thbb, e DERFSAER?D
100m DG icit e, (300m D e)=3.330D 8 (—
0.50 L Fic#iY4, n=14), 3.33<e, =4.190F(—
0.5—+0.50 12HY, n=17) B X 04.19<e, Dt
(0.50 LA i@, n=13)0 3Bt 2 58
L7z (Table 3B, 400m DFEEIIX, e, (400
m®e)<5.240% (—0.5¢ LLTFCiEY, n=14),
5.24<e,<6.56 D8 (—0.5—+0.50 <Y, n=
1B X 16.56>e,0FE0.50 L EiwiEY, n=13)
D 3B GE LT (Table 3TE.

F3, 100m DO KHEHEE & O, debtmax D HEXIE
EDOBRTR, 2EBREFTr=0.551ThH-7cd
DB, e, =3.33DFE T r=0.739, 3.33<e, <4.19
DEFTIZr=0.912, 4.19<e, DFETIEr=0.645&
75 oe, 400m DABGKEE & Voumax DIESHE & D
BIRTdH, TR EHTr=0.554Thocd D
23, e,<5. 2408 T2 r=0.730,5.24<e,<6.56D
B TIixr=0.927, 6.56<e,D T TI1xr=0.486&
Ttote, 2DXOIT, e DRYE—IL WL X
D e DH—TERIC BT, KEGEE & RBEED
DB X B - T,

wicFE 3 5, 100m D KEERE KT % 45

Table 3. Correlation coefficients between swimming performance and maximal oxygen debt, maximal
oxygen uptake, and oxygen requirement in the whole subjects and the group divided by swimming

efficiency.
All subjects oup intermediate e, grou high e, group
(n=44) e, <3. 335:' 14) 3.33<e, £4.19(n=17 4.19<e;(n=13)
0 debtmex  E: O, debtmss  E; O, debtmsx E, O, debtmx  E
Swimming speed r;  0.551**  0.728**  0.739**  0.896**  0.912**  0.978**  0.645*  0.837**
in 100-m race r,  0.371* 0.644**  0.503* 0.766**  0.532* 0.844**  0.393 0.576"
All subjects group intermediate e, grou high e, grou
(n=44) e.=5.24(n=14) 5.24<e,=6.56(n=17 6.56<e,g 13)
v Ozmax ét v Ozmax Ea v Ozmax E, A Ozmax Et
Swimming speed r,  0.554**  0.610**  0.730**  0.840**  0.927**  0.963** 0.486  0.759**
in 400-m race r.  0.323*  0.568**  0.610*  0.819**  0.577*  0.852**  —0.166 —0.026

[ and e Efficiency in 100-m and 400-m swimming, respectively.
E, and E. Oxygen requirement in 100-m and 400-m swimming, respectively.
r; and r; : Correlation coefficient between swimming speed and metabolic parameters expressed in an absolute value
and a relative value (i,e., per kg of weight), respectively.

*=p<0.05, **=p<0.01,
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(3200, debtnax EEE TRE D 1B M % &
% &, O, debtmack D Eic 35\ THB R
0.066—0.200% < 7o 7=, #123.33<e,<4.190
BT, 100m DKBGEEE & 100m © E & Rk
HCE 1=0.97828 b e, FBRIC, Voume®
RDIE & LBAIciE, 400m o KBk okt
+ 5 HE IR 20 £%0.036—0. 2738 < feote, i
5.24<e,<6.56DBETIE, 400m D KHGEEE & 400
MmOE & O IEEICE - r=0.963518 5 h
7.

iz 3 b, REEHOFBELENETR
LicE& s, BEYH OETRLAEEE & TR
EET AHBRENRRAE LN EI R LS L,
100m DBE, BEYM Y OEL Y BEREI IS WT
B4R B0120.084—0. 38085 2> o 72, 400m DB A
THREMRIC, SEMY OMEL Y ENESTH
BERA0120.021—0. 78555 & > 7.

% £

. EHROXRFFLIEF =Y — FEHD O, debtmax
BEKOBF—FHAKKEFOME (8.69/ £118ml/
kg, Cureton®) &I3iE—3 L, BREkDOBFKFEK
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