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ABSTRACT

The purpose of this investigation was to determine whether the
critical swimming velocity (V..), which is employed in competitive
swimming, corresponds to the exercise intensity at maximal lactate
steady state. V., is defined as the swimming velocity which could be
theoretically maintained forever without exhaustion and expressed as
the slope of a regression line between swimming distances covered
and the corresponding times. '

A total of eight swimers were instructed to swim two different
distances (200 m and 400 m) at maximal effort and the time taken to
swim each distance was measured. In the present study, V.. is cal-
culated as the slope of the line connecting the two times required to

swim 200 m and 400 m. V. determined by this new simple method
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~ was correlated significantly with swimming velocity at 4 mmol/l of

blood lactate concentration (r= (.914, P< 0.01) and mean velocity in
the 400 m freestyle (r= 0977, P< 0.01).

In the maximal lactate steady—state test, the subjects were in-
structed to swim 1,600 m (4 X 400 m) freestyle at three constant
velocities (98%, 100% and 102% of V... At 100% V.. blood lactate
concentration showed a steady—state level of approximately 3.2
mmol/l from the first to the third stage and at 98% of V.. lactate
concentration decreased significantly at the fourth stage. On the
other hand, at 102% of V., blood lactate concentration increased
progressively and those of the third and fourth stages were signifi-
cantly higher than those at 100% of V.. (P< (.05). These data
suggest that V.., which can be calculated by performing two timed,
maximal effort swimming tests, may correspond to the exercise in-
tensity at maximal lactate steady state.
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BERE 1L, KFEKAEHBEOR T84
194 £ 038 Thoto. #HEREOSENEES
SUHMEHAR 1 ITRL .

2) BABMEBENE Vo, ) OHE
ARFICBY B R KRB HENE L, Costill 5¥
OHFEICEVRES i, BERER Hm0E
N7 =iz T 400 mARBNkEfT5. BRER,
WEREM T— LT 5 1 R bo—2gilic, $RED
BRIC T — W 4 K SIER = R 7 %24, 20 fHf
DA R % T 75 A8y 71T 5. $7EL
SNIFPRA R 5, BRRIEHGR, LRk
J[EBLURIEREANTS. ZLT, Zhbo
7 — 4 % Costill 5 DBEHABIEHEER (T
SLIC/RT) YT, RABRBENEREZIEL
1l

v=10.916x+ 0.426 (x ; 20 PlEOBEEEIE,

v ; BRRRFEBIER)

3) OBLA RED - HD[MHFEF X b
BHERE O R ANERIRE £ 74 5 7o,
Heck 574 & ¢f Madsen & Lohberg®® & [&]6E,

Critical Swimming Velocity (Veri)

600 r
Subject 1

Veri=1.443
400

200 \

Distance (m)

0 1 | i

y=23.52+1.443x

OBLA (onset of blood lactate accumulation)
ZERA L, MmPPLRRIE 4 mmol/l ISHE 3 5tk
B (Voua) Z2HH LI, A7 2 T, Vo %
RET B 721z, Mader 5?2 % X U Olbrecht
5%¥M two—speed test ZHW 7z,

HERE L, BUDIA0mDNR LI A a5
B E N BRGHRE D 85% I1<HH 49 B PR
TO 400 m#k, % LT2EBEREKRSITD 400
m¥PkDEt 2 BlD 400 m k&7 - 2. € DREDKE
&, 3BEHIRLES U, % oREss 2 5 H o
BWE S ICEE L. 2D 400 mikig, fREL
D ERILIMZER, 358, 54RO 3 [EHREL
L, IMmepFLBREEEa04r L (YSI23L, Yellow
Springs Instruments), Z LT, BkdEEICB T
ZHBRMEELT, HROEVEOSDERAL.

SHERE LT, DX &b PLERERE OB
25, FLERIEE 4 mmol/l icHHY 3 2 UkEEE 2N
kg SR C KO RE L.

4) Critical Swimming Velocity (V..) DRE

1@ Va OREHFEICODVWTRT. A
BB Vi3, two—trial test W/, Th
3, HEREICH L T4 S LI 5 EIORAS T
AZH L T\l Wakayoshi 5*® D HE:% & 0 fi

Vmultiplied by T makes D:
D=VxXT(Q1)

Equation of regression line:
D=a+bxXT(2)

D can be substituted by VX T (1):
V=a/T+ b(3)

If we could set the velocity level at

which one perform indefinitely
T—eo, a/T=0

Veri can be expressed as the slope:
Veri=b

0 200
Time (s)

BJ1 Relationship between time and the predetermined swimming distance
(200 m and 400 m) for subject 1. V., Critical swimming velocity
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BELTRDHONBILENTE S,
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Xz ENEK S OIREL AR
PKEEHEE (D), woEE (V) = LT () &9
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D=VXT (1
B D EAR I,

D=a+bXT (2)
(2) oz (1) 2RAT3E

VX T=a+bXT

V=a/T+b (3)

HERIIC Vo 1, KEBERKERTSILOTE
BIHIEETH B 5, TAHERK (T—x) THS
ERET A E, a/T RIS QilESE, ZL
TV@RbIEEE, Zhwi, V., BEEOZX
O—7ELTRIIENTES,

Vei=b

Vi ZRES B 108720, ThdOfgkEER
LEBHRBTREOEBDTHS., FHFIEREL
T, H0m, 100m, 200m, 400m, 800m % LT
1500 m @ 6 FEH OB A Ntk%E, 4 NOWEBRE
withdi, ZofR, 200 Pl EofEHIcBL
T, ki) & pkEEREDBIMR I3 —EAR Lichi@E L <
B, 200 m & 400 m D& S, 3.0% AT OR
ZEH0PHIC 1,500 m DICFAMEE TE 5 T &AM
L7z, &5 Ettema® &, 200 m#»5 1,500 m £
TOREE L T OFFH] Gogd & DBk, 33—
B LICE 5 & WS, AL [EREHEREZRL
TW3, L7chi->T, AHRETE, Vo OPREITE
L, 200 m& 400 mo 2 FEH SRS Nfe,
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5) BARIBRER 7 R b

AF A M3, two—trial test THREEI NI Ve
B, AIBER L NVICBY 2 EEREEEL
WBRICH A EIEGTTHIETH S, K2
&, AFFEICHWIRARLBREE 7 X M &7 ¥4
YLEkbDTHB AFRX+DETHETDH S
Scheen 5%1&, & F & F 1 EHEREE T—EHN
EHHIc B B 20 SR oM ILBEE 0ZXH %
HIE L, ABFRIc BT bR, SBRER
Ve @ 98%, 100%, Z LT 102% D 3 BeFg D pkad
B (Veseis Vises Viesa) WBWVT, 400 m X
4 [E TRk E L7z 1,600 mik21T - 7z,
—EREIC B 5 EB MG, 18LIET
HY, &+ 74 7 VOKRERRIG 3 Rl E & L
fe. Mg+ v 70 v 7 3KBIRT £ B0, A
A, 2400 mfij® L CEASOERK, 30%., 554
BICEE L, MPARBEOLEHZREL:. &
400 mfEicid, MEHHO 728, 3070 & 45 B
ORERRIZ N - fo. KEFEO—ELEZXK S
B, BEPR—2AA-HELT, 7—NHA Fi
Ilmlticw—2 854 v%E, YXAYzxy
F (X b/ — s lEKREEBEEED) 0TS
DB Xl Fhick-T, HBRER
NR=ZARX=HADHITAE = FIZ@bETHKS LD
il TR, #HBREIE1 -5 7 4

Max. Lactate Steady State Test

3X1,600m swims (400X 4) at 98, 100 and 102% of Ve,

Rest rest period rest period rest period

! | 400m 15t H 400m 2nd ]”-wmnsrd Illiﬂl}mith ]

f | f I tH
Blood Blood Blood Blood Blood
sampling li 5 li sampling sampling

B2 The experimental design of maximal lactate
steady-state lactate test for examining the
relationship between 400 m interval swimm-
ing test at three velocities (98926, 100% and
102% of V.) and change of blood lactate
concentration
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=y Ya2a¥T, HoPLDRD SN TWVIKHH
G L 2WOHMPENTHE T 5 LB TSR,

2. %8 &R

® 1013, JIHREOSANRE, EHMEHE, &
KEHKI & B 200 m% & U 400 m O FIGHAE
(Var, Vi), & L TAHADOEKR TR LN/ T~
5 %9, Vi id 1.554 ~ 1.726 m/s T4 1.626
m/s (SE=x 0.018), % LT Vi i3 1.445 ~ 1.608
m/s T 1.526 m/s (SE*+0.021) TH- 1.
Vo 8LV Vig OZBFEIL, ZHhEN 32% &
3.9% TH by, AUFFEOHERE R IIHETHIHE
® (homogeneous) MW7/ N—7THBREWVZ L
5. MELEEF 2 ¢ (two—speed test) o & b3k
B 5N Vora 1, 1.370 ~ 1.468 m/s DHiPH T
#71.404 = 0.014 m/s (SE), % L T two—trial
test ICk » THREI NIz Vo 13, 1.333 ~ 1.509
m/sTFH 143Tm/s (0.02) THo7e Vi ld
Voma &0 b 5% KETHELSRMEERL, Vi
B Vora BLU Ve KD b 1 % KETHELS
fizmrL 7.

B3, Vi & Vosa, Vai & Vi, Vi & Vopra,

ZLTVy & {702“,‘&2 OPFRERYT. BELE
WAHBEBAMRIE, Ve & Vo = 0.3087 + 0.8468 x,
r= 0977, P<0.01), ZLT Ve & Vomn =
0.6218 + 0.5444x, r= 0914, P< 0.0D) ic&5h
f2. XBIT, Vo & Voma KBVLTH 19 kit
EELAHBARRE R L. (v=0.4193 + 0.6455x,
r=0939, P<00D. —4, Vin& Vo, (r=
0.403, NS) BXU Vo, & Ve (r= 0480, NS)
iid, AREGBRSFELELSD - I,

413, 3BEO—EREE Vosen Viosers
Vigse) W8BT3 1,600 m (400 m X 4 =) HkEi,
tkhZ U Tk oA BRBE 0ZLE, LT
213, SHEBRECBTA2MPIEBEEE 400 m
FSA TV N—EIC BT B EREROE X &
[EF R E R

%1 EHD 400 mBiCHlE < n /i FERIEE
id, 3 ODKEREE ERRIE(EERL /2D, 2
EIHLI#ICE 5 EFRBRE IS E - - (R - R
JEER LT BbEVKEE (Vi) T, TR
BERFE1ILOEICHLITHEERETEZRL,
EUREHOBEX 2, TXTOHBREICBVWTHD
BEERLE. KDEOKEE (Vi) TlE, 28R

2 1 The Physical characteristics, the performance and test results for each subject

_Sub-| Age Height | Mass | Speci- {"Ozmax Vion | Vaw | Voma | Ven a
ject | (yrs) (cm) (ke) ality (mi/kg/min) | (m/s) | (m/s) | (m/s) | (m/s) | (m)
1 18 171.0 70.3 Fr-S 65.1 1.635 | 1.533 | 1.422 | 1.443 | 23.48
2 19 176.8 85.1 Fr-S 56.5 1.726 | 1.608 | 1.468 | 1.506 | 25.37
3 19 171.0 67.0 Fr-S 65.5 1.656 | 1.579 | 1.423 | 1.509 | 17.73
4 20 182.7 63.2 Fr-S 58.3 1.638 | 1.555 | 1.423 | 1.480 | 19.29
5 20 172.3 60.9 Fr-L 61.6 1.612 | 1.539 | 1.416 | 1.473 | 17.15
6 20 176.0 68.1 FL 1.576 | 1.445 | 1.341 | 1.333 | 31.00
7 19 173.9 66.1 FL 55.0 1.554 | 1.446 | 1.371 | 1.351 {26.28
8 20 171.1 64.0 IM 62.0 1.616 | 1.502 | 1.370 { 1.404 | 26.10
mean| 19.4 174.4 68.1 60.0 1.626 | 1.526 | 1.404 | 1.437 | 23.30
SEM 0.3 1.4 2.7 1.5 0.018 | 0.021 | 0.014 | 0.024 1.72

Fr, Freestyle (S 50m, 100m or 200m, L 400m or 1,500m) ; FL, Butterfly ; IM, Individual medley, 200m
and 400m ; Vo,,.,, Maximal oxygen consumption ; Ve and Vi, Velocity of 200m and 400m free-
style ; Vosra, Intercept for the relationship D=a+b* T ; D, Distance; T, Time
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B3 Relationships between critical swimming velocity (V..) and A velocity at onset of blood
lactate accumulation (Voss) (P< 0.01) and B mean velocity over 400 m (Vi) (P< 0.01) and
between Viy and C Vosa (P< 0.01) and D maximal oxygen consumption (Vozmx)

5r Slope of
regresﬂgn
P SE
T 4l +0.311 0.117
S
E
£
<
= 3
38 —0.043 0.054
2 =0.170 0.047
-l
3
E cri
—e— 102%
1

Rest Tst 2nd 3rd 4th
1,600m Swimming (400m X 4)

B4 The relationship between blood lactate concentration and the number of 400 m
swimming stages swum at three constant velocities of 98% (M) 100% ((]) and

102% (@) of V., for maximal lactate steady-state test. Vertical bars indicate
SEM

Y¢=P< (.05 (ANOVA), %=P< (.05 (paired t-test)
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222 The slopes of the regression lines and the regression coefficients
between blood lactate concentration and time taken to swim 1,600m
(4 X 400m) at constant velocity (98%, 100% and 102% of V..,) for

each subject

98% of Ver 100% of Ven 102% of Ve
Subject
~ Slope r Slope r Slope r
1 —0.068 0.447 +0.228 0.910 +0.979 0.974
2 —0.131 0.614 +0.031 0.513 +0.427 0.817
3 —0.132 0.894 —0.129 0.913 —0.125 0.991
4 —0.246 | 0.729 | —0.182 | 0.962 | +0.143 | 0.887
5 —0.114 0.918 —0.096 0.666 +0.187 0.929
6 —0.129 0.880 —0.203 0.995 +0.447 0.983
7 —0.069 0.948 +0.118 0.673 +0.355 0.955
8 —0.469 0.969 —0.107 (0.861 +0.074 0.693

Slop, Slop of regression line ; r, Regression coefficient ; V., Critical swim-

ming velocity
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HE®D 43% ~ 11%) T—Ea M OES) % 20 53
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FB& Freund 5013, & % & 3 EHRITICH
WT 340 G BES O EBEIGR], EEhE
LCGEH% &, St Ll FLERERE 2 RIE L7
R, BEERIcBVLTS, REEILERKRT
% 2 LIS SEPMICIE T I 2 EEICH B &
FRLTOVS, Thwi, AFERICAVSQhR
RIMEH 7 R b3, RAIBERICB T 5EH)
MRS L COREBEARET 57000, HEA
RIEEMEEILTWE EER 5.

FATHIR TR, BARIBRER 7 A bicshL i
W, RIS - Fo BRI T R b Ak
LIOE#H AT RN R 59, ks, B
MDA P VREZFRBINERSB D -
JhRSRB  fo ) 2 ¥ Scheen 5YHSH 72 EER
T3, #ERE L 6 B o EEsREE (R ABRFRIEEL
B0 43% ~ 71%) TZhZFhic 20 HfEoESE) %
fT-oTWw3, MA T, Wakayoshi 523, fgHE

BLUET BB IES T 58 icdy,

L—=v 7S, MhPBRBEENET S s
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D 2EORRENKICE > TRETAHTLDTX
% Ve 13, BAFLEREHR L NV TORKEE Z R
L, 7, RAKEZRDOEEE LTHVWh
TW3 Voran EHELGHMBKREZRLALI LD
5, BBFTELICHHEN L —= v SRELHRET
31D OIBMASIEEL LTETH S LEL
5n 5,

&I, V& Vi3, < ERSHBIMZRY
Ao, Ve RED il 7 ikEEEE & BhS
EoEYRE D=a+b*x T O (a) DFH(E
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X7, 400 mEBEKBAKE OB S, (KE

FA=FELTD Va (Vaiseed) ZFHMET ST L
DEREE 78D, Vaispe 2KD B0 DRUL, Fid
DEHITEB.

Veairprea= (400 — 23.30) /tiw

ZORER,  Vaispe 1E Ve DIRKIRZE 2 % OFi
FNOEE S5, T TR, tw 13 400 mEAEH
PROKHEITH 5.

ST D critical velocity (V) ®® < crit-
ical power (W )" 610 oyuse o B8 L, #EERE 1L
0855 2HMETD, HoLLHRHOLNT
WEEREE ICB VT, 40 L < IS 6 BlORK
BNETIMBEND >z, AHRICBIT S Ve i
two-trial test EWHOFHTLWAEIC K » THRES
h, ToOHikid, #EREH 200 mB XV 400 mD
2 EDFRARBHKEITYV, £0E 0O Goid)
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