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Relationship between power and sprint performance
and blood lactate level after the maximal anaerobic test
in high-school sprinters and jumpers

F5 EE BN HE"Y B WS kOB, @8 BT

Takanort TesHMA', Yostmro Hostikawa' ?, Hiroakt Natsur?, Koner Sato®, ToMOKO SADAMOTO?

Abstract

Although the blood lactate level (BLa) during or after sprinting for medium to long
distances (ex. 400-m or 800-m) has been recently examined in detail, few studies have
reported the BLa after maximal exercise for a shorter duration to clarify the
association of anaerobic glycolytic capability with sprinting for shorter distances (ex.
100-m). In this study, the peak BLa in both sexes after the maximal anaerobic power
test were investigated in 55 high-school sprinters and high and long jumpers. The
maximal anaerobic power (MP) was calculated from peak power values generated
during maximal pedaling for 10 seconds with three different loads on a cycle
ergometer. In addition, the 30-m sprint time was measured using infrared sensors. No
significant difference between the sprinters and jumpers was found in MP in terms of
the relative values to body mass (BM) or fat-free mass (FFM). The peak BLa after the
power test was 11 to 12 mmol/L except in female high jumpers, and no difference was
found among the athletic event groups. FFM was highly correlated (r = 0.85) with the
MP and an equation of MP = 16.833 X FFM-48.252 was derived. The MP corrected by
BM and FFM was significantly correlated with the peak BLa. In males, the differences
between MP measured by the power test and that calculated using the equation
exhibited moderate but significant positive and negative correlations with the peak
BLa and 30-m sprint time, respectively. This suggests that maximal power that high-
school sprinters and jumpers can generate within 10 seconds depends on the FFM and
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anaerobic glycolysis, and this may positively affect short-distance sprinting in males.

Key words: Anaerobic power, Short sprinting, Fat-free mass, Sex-difference

AR — > AHEESEIC B o I L ER I
1%, F W M B fE < OBLA (Onset of Blood
Lactate Accumulation) 7z &, HEEZEMHEA S
DOFHIIR 87 4 —< v 2% FRT HEL LT
INSFHENTw S, AEREN L —=v 7
X O REMAROEIZ, F—mE oHE)
AT 2B OAMPEEROE T (ZOFEE,
FIAREEOKT) 207256 L, RANERHZ
FOEVIRECHEBT L LEAREET S, B
RV L L C oMb RIS ECZD F L —
=V 2T & BT O W TR B 72 B DS
T an, FAEELE Lol FmRE
DFRAEEEAL TV D (JUH 2007, 2008).

Fio, MEFENE, AEEMED T 3L X — 4G
BEREDY & DICE I < Bk, 2 1F 400m
800m EZETF DR S FHIT & L Tl&, Rusko et al.
(1993) 1 £ b MART (Maximal Anaerobic
Running Test) & M-i34 3 @A T 250m
Dh SR E B IR HIE % 11 5 % B &
7 A PRI N TS, 400~800m & i1
B0 o 2 0BEOEHTHY, T1VF—
PR I R R DS IRORIRICE) < 7200, BERARICIZ
A FEEIEE 12 15mmol/L 28 2 3 E L X
N3 (FRm 2008, £fH 2009, #H: 2008, Tesch
etal. 1978). # L T, 400m % 800m #EFETFIc
BWLTIE, HATEENCE T B IMPILIERE D
K &b b, RAHEEIKS L ITRIEHEZD
MAFBREDOBE S 2387 + —< > A FHENH]
MEn s, EEPFLRBIRE O S 5 400m £
800m ENT A —< A ELEREICHET S &
B orHESNTED (FRir 2008, B
2008, Tesch et al. 1978), M FLEREE OE &
i, TRV X—JRE LTRSS, T

b bR RO Ric & 2 IBELEED
BINAKIE 2 E£2Z 60 TW5,

ZFD—75, BHEREA 10 B o G R £
FHHVEIBEDOBARAR—VEFICBEWT
&, 87 4 —< v AFHICEIIEE L LT
HRBREPEATE 20EDPIRIFEE A LIRS
vy, ZoMEE LT, 10 RO
MR I B 1T 5 = 2L X — 4551, Fic ATP-CP
RICHKTE LSRR D 5.7 2R REN & 78
HehTtwzrzenEzZ6Ns, LirL, HFE
OIFFRIE, 100m BBV TH T3 F—AEGic
K95 fEHER O EEE1ZF 50% H 0 (Greenhaff
and Timoons 1998, J\H 2007, 2008), ft¥k#
ALNTVEBRELIEVI EPHL IS
TWw3, FEEE, Korhoneetal (2005) 1%, 30 1%
DTAY =T A) — MZBWT 100m EE DR
Bl FLRE A 12-15mmol/L B ETH b,
[6—EE T8 200m 5 400m FEH IR i E
FABEE X D EPPEVDH DD, Hn LR
WCHhBHIEERELTWS, X561z, Korhonen
et al (2005) 1%, 100m A O et Lk
JEizoWwTh, 74— A0S L ERN
BHBHIELERRLTEY, Zhid R fiE
HREENIPE O LKL T2 EEZ 6N
%, Lizd-> T, 100m EICRFES N 55 R
MAEVEREFICBWTYH, £EH RO
FUBIBEE 3R IR & L CE AT dH 2 mlgiiEDs
H5.

LT, BINEMD (2010) 1384 gl
2R —ViEF 854 L& WRE LT, 30D
Wingate 7 2 2D i m MR FLRRE 2 #dE L
Tw3, ZORTIEELE b ICHEEREEF
TR b E L EH T 13-14mmol/L % R
L, ficw Tk, BEEFOIET, Yy h—,
INZT Y bR =)V EDIRFGEF S L 50,
RIEHEZETF S 9-10mmol/L R Tl bRV ET
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ol thPHEsnTw, I5ICAE)
(2013) %, Wingate 7 2 s O 87 — LR
BG A H R %% 0.8 DI Lo E wBIfRME: A2 R T
ZEFRPASPICLE BT, EBRICRES RS
U =% OEFORIENEY> 5 FHISh 5 Mk
Th D EFPOHREIE EREIMTILIRIRE D &
<, WcRBEFE? s PSS To T —
FIOFEF OB TR E M IR E 2K »
TEERLTWVS, 51, HEiEE, B
BFESBRIEHE> S TSN 5L Lo FHE <
U —ZRTHEAERE L TCws, 2 (2013)
&, C OFSREIEREE, BEEFICEUT 23
L D i RRAEREL K & SO B3 2 AT BRI, 203
BT 2 A OB EE L v o RN & K
Bed 2 AJHEME A R L T 5,

Lo efTirsek, R0 &) EE O 7
AMZBWTT —FHE L b ICRERE, &
BIHIHMRIREZ NS 2 LT, ZOEFOH
BRAERL AR T — S I T 2 B 0B EX 0T
Rals L3 cE ARk E "R T 5. —fik
I RFfE 28 30 O R EE @ Wingate 7 A b & ATP-
CP %, MEREN%2HbE, AKR—VEFD
fEEEMER T 2R AT 27 2 P LT
s n, ELEFoRL S TR REREH,
ANy PAR=YRELLDAR=VEFD
MEREEIERE 2 ST 2 IS S RIS T v
5. Z20—HTIOMX3+ty FTHEEINS
AR FE N7 —F 2 M iE, ATP-CP Z#EHD
ESEFHE T 2 HWTERS (PR S 1984,
BT 1986), 3EEoEfIcT 54 10 B
DRIV T XY, RAST—DFHEIND B
BHEEME KD A THEAAT—REET S
CLERELT S ABESRYY VRO XKE
R —F, P v oam E REROR TR
E9 5, Wingate 7 2 b3 1 DM ((AH
DT5%) DAICKT BT v 7% b IS
U—%EETAOICNLT, 3EBoAafHTR
G T EAT ) RN T —T A P DIH
D FMET O —FEORE S 2 FHI L <
w3 EtEZLNS, L7z2d->7T, 100m £k L

27 v b8 T F—= v 2ADHER 3

D b AL S BhEGE T e E BRI 2 10
B Lz hRioRis oMmRaE 1%
S92 B2, Wingate 7 2 b & D & e KIERS
FR—T A MEMAT 2 APEY EEZ N
%,

F U7z & 50 10 BRE o AEBNIC B »
T, fBERIZ T 2L ¥ —fEE~DEEIK X
Wi, EIREEET O T +—< v AICEE
LTCWw3, 72 100mEDNZ M A L LR
g, EEREEET L v —REMNCE
WTHEDHBEBR SN (ZE 2009), &5
2%, RAKEEFE ST —T R b0 3 B AR
T 32N EFNOE—2780 — LIRIEED
M 1Z MBI 6R % 0.71~0.84 0 583> HHEIRI % A
brlthPHEEEh w3 (HbhEAaH
2011). L7d3-C, BIEMD (2010) 2%
L7z Wingate 7 2 F OfEROAL 59, &K
fEfEE 87 —F 2 F2B W T IR ST — 1T
ZCHRIENI& & mI P AMEE L2 HRS &
T, iR O VAR T H 5 v Ik bR
RBED AR — VB F OB M LIcE T 54
RERBHT LN TELAEBENEL NS,
RO <13 BEIAR I & 2 BRE DB
FEWNRLET DY, BEMRIAERES FHRHERL
KELEWTHHTH S L EbiT, HAFR
FBLHELTIL—FE Y F 4 AEVETY
Hb, RAREREE T —F A MIBWT, FEE
7 —, BRIRIFE B & CRE b AR EE DR
R b2 % ik, BEPEE, 5 RAKE
SHEMCBVWTEDE SR L —=v 72T
REPIOVTHHAZEREZRET 2EE2 6
ns,

Z TTARME TR, MR IR ok S e
ELCoFHAEEZ RIS C L 2RI, SKE
DO FEFEEE L X CBEEF 2 N RICL TR
KGR ST —F A L TOIH T — L fElfl
FABBREE L2z oEEEFIND Z L
ZHE L7z, &6, ZofMEER2 7
VERTx—=r A B0mELZA L) LT
WET I EHDLETON LI,



4 Teshima T. et al.

Jiik

1) P

B 1, FIEEREE L BEE EIE T 5 A
AR FEEETF 4 (BT 1324, L1
234) Thoto. HEMEED, EmEk BEbk
DEF % HI (High Jumper) 7, AEIEDk, 3B
PkoET-% L] (Long Jumper) #, 100m 7,
200m &, N— FVE (Z+100m, B+ 110m)
D#EF % SP (Sprinter) FE L7z, EFIIIN
5 DA D 400m £ 400m N — FvaE, Y
L—fEH, 7R CEROEICHEES
LTwieh, RADE BT LEHICL-T
STz, KRS L 28T, EAE
BHALETF 7=V K- ONREFETH
D, avFivazry Iy R—rEECBIS
BHREICSIL, TRTOF—=IBZ 557
EPEENRE Lz, £72, #E 1013 2 5/
I > TRITENE IS L 2B F G 75,
ZDEe, WEMEFEE L2 oWEEOMEE L
THIF U7, #iE L2 ofd#sicx, FEc
HEEFE X CHAROFHEZT VL, [LESMD
FEZEHEIC L DBk, #HREIFAEICS
.

2) Bk

#EEOHRIX, BRFEHVT, FEIE
HilZHWTEHIL 72, RIEAELE, Fx U
NR=Ric &k b EHEEE X OBHRE N OKT
MEWE2FHAIL, R4 (1972) @ 15-18 HD
520 D G AR E e E I Tk o 724K,
Brozek iz & 0 IR EZH T2 C LTk
iz, IR, ARE> SEEEZ5< C
ETRD 2, BERF QTR O & E AL %
Table 1 Ic& &7z,

3) WARIEEH ST —
RAERE VT — OHEE L, B HIEET
N X —% (Power Max VI, 225 3 #8) i

Wik S h 2 MEREAA7—F 2+ 2HVTE
fEL7z, ZoFAME, RAREBHICL2 108
Mo HiREH# % 2 ol oREEZHRAT3 £y
FMEDIET EVWI D THD (FR 5 1984).
1ty FHOAMIE, SHEHEOFEICLST
WEIN, Z0H02€y FHBLUR3 Y b
HIZBOWTIREWEEEDOHKEL 28ty Mk
3 _NWEEERIC & > THBWICREI NS
EVIHIbDTH- . WERRICHELS, T
I A — 5 DY FIOVALE & SR O fof 7o (L E
ICRRE L BRI HBRE 2 S S, BiE%EME
Dry =2y T~V FTHEELZ, D,
BB IR BB T DS~ v 2B &
Eii L7, AR TIE, 3ty FoLfies
YT & bR S B & R RRIEE & O RYF
EfR P SHEINE AT —DREEEEL, A
fe s — (W) & LZDEDINICHIAL7-.
BEHORAMBE AT — D B &k R
#Table 1 ICE LDz,

4) MirPFLBRE

A FLEEEE o HIE X, Lactate Pro & > #—
(7= vAtE) 2HVT, RREBFE T —
TAFOBERTHE, 1, 3,5, 6700T0d
2HEICB W THEBRE DR & b IR % I L
T2 o7z, O, FRIMIXFEBICFRE U 72 Ehf
Ik b&e, A ICEE L 72 5 X2 CfT
b, FERHORAESR O M AR
W, SEEIE TIER & 0 HIEEIE 3-5 9 TRARIC
LI EPMLENTWS (JUH 2007). 724K
MRICBWT, 30kE50HD 2 RTHIEL
7o HEBaH 15 Z Rk, mPIARERE X2
NnZF1 10.3 + 2.3mmol/L, 10.3 = 2.1mmol/
LTHvIZIFRLCTHho7z. 2 I TAFETIX
WEEEEEBDT— 9N 255 5H LLIE69%
D % s I ALER R (Lapeak) & LTk
v, DB SHTIic w7z,

5) AFVY b7 4=V A
R ST —F 2 M RTH T IBEM o
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Table 1 Characteristics of high-school jumpers and sprinters

Number  Age(yrs) Heightcm) ~Body Mass(kg)  FFM(kg) P“g;’g:?\f\}) 30m Time(s)

Female HJ 158407  1662+49  542+46  443+47 656+£84  460+0.15

Ly 3 16702  1606+17  514+21 415+15 615+£14  461+0.17

sp 14 162408  1608+29  524+42 422426 664+81  438+0.10*

Average 162+08  1622+42  527+42  426+33 65678  447+0.17

Male  HJ 162407  1755+40  642+18  573+13 86263  4.26+0.10

Ly 8 166+04  1724+69  632+£24  566+23 895+£59  4.05+0.17*

sp 19 16206 1751 +67  653+5.1 582+47 973112  400=007*

Average 163+06  1745+65  646+43  576+39  036+105  405+0.14
“p<0.05

FFM fat-free mass; HJ high jumper group; LJ long jumper group; SP sprinter group

KEZ L o728, HBaEIELSBESEHALT v
PWCTCATI v b8 T 4 —< 2L LT 30miE
A4 LOWMEEITo T2, 30mEET v I a—
Ik vfrbnrz, 30mEDRY — MIRAY v
FAVITAY—rEL, A= RFOBRAED
Bz < b 24 v FIC K DAL R & — bR
e L7, 30m#ESY A LIFRAY — FFRlED» 5
30m AT ERE L7tk v — (v S H)
ZUIMIT 2 ECORME L, W&z 2 —
SEDOEITEITV, kbH W 30mEY 1 L2
PricwWre, B0 30m#ESY 1 LOYEE LU
TEHEE 22 % Table 1 10 & 7z,

6) bt

HAREE 3P EEEERE TR L7z, AR
fas ST —1%, MRHEE L HICHRETRL &
HIb, BRIEEMECRLUZZBREBEZFEL
7o, Fio, FEHEE ST —OffHELAEN, fid
FLURE 2 Elc B CREREBRED H 5 Al HE
Wb s-0, £91FHI, LI, SPEOiKE
Tofe. 2L, HECHREBIK 2H %
TedBLINC ) v XA Yy JOFETH D
Kruskal-Wallis i % ] ] LU 7z, Kruskal-Wallis
MBI Ot H I EIR S R e N 5d
ERMEL LT/ Y89 X MY v 7 S EITH
%€ Steel-Dwass £ %2 W T KB L o il %
1T 7z. Steel-Dwass EIZB W Tid T 7 2 IVik
(W 2011) oV 7 bz T REAL.
%7, SHEHEMORRMEZE T Y v O

FRE & 0 B L 72,

7z, BN (2012), B (2013) %
Z2E ICRIR 2 & R REREE Y — BRIk %
BRI L7z & 24, Rtz B THmHF I
HHEE 2R o 7o GEIERERNICER), 22
T, RAEBME T -2 EEEE, WIEEZE
MANZZEEE LT, BRIBVIEDY? S FHlEh 2K
fEEEF T —o—XEllEAE RO 7. Rig, &
KRG8 7 — O ENIE & A o BRIEN =
EZo—XFR L b FHlS b RAMERTE <
7 —DFHIEE DS (difference) %Ko,
30mEY A &, P IRREE L OMEBISHT
BTz, TOEFDVT T ADEEIZZE DHER
FOBRIERE D 5 A CFEHE I RE 70 e KI5 <
D=L D REW EEERT S, Rz,
30mEY A LDBBELEDBICSPHICBVLWTHR
BN TW=DT, OB IZSEE %2
WNRELGAICA, SPHOAZNRE LT
BALITo7, BMTBICBOTIREHRES %Ak
T & G EKEE L LTz

IS

1) IKIEBH T —

ARG T — Offfi ki % Table 1 1278 L
L BLREBICERRBEEEZTALN D -
7o, WRERFZ U —DREEB X CRIE&ET
BrU7-fE (fREM, BRIEEL) % Fig. 1 12mR
L7z, fREH, BRIBVIEH L b, BLwvin

r\‘ﬂ.,
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Fig. 1 Relative values of maximal power to

b SP AEWHIIC & - 7 TR B B2 13 7%
ol iz, B (LT /BT X 100) 1,
HORHEAS 70.1% TH - T DIcxF LT, (REH,
BRIERGELLIZ, 85.6%, 94.4%Tdh -7z,

2) i LR L

BE M FLEIERE % Fig. 2 107 L7, Bt
HICHBEICEEEZRAON G-z, KFTik
HI 2SBEEF AR EIANC & - 7253, BB s
AT ERZICIE RS o Tz,
RAIERESE 7 — offodtfE, REN, BRI
B REh LR E OMHBERERI, HiRE
LR TRESEZ N Z NG r = 0.36,
0.50, 0.43 ThH o7z, HMukHE L I3TH R RHEBIH
AbNizhrolond, KREN, BRIEHERCOW
TWRHERELMABEBEREZZRD 2. By o

| I I '
u SP HJ u SP

HJ

[y
-

Lapeak{mmol/L)
=]

o~ 0 W
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Fig. 2 Lapeak after maximal anaerobic power test
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s
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body mass (left) and fat-free mass (right)

WL 728d, ZFTikedhicd ARk MBI
RIEASNZ o 1Dy, BTl AR
CREM, BRIENTR L L ICHEBER% r = 0.50,
0.54 OHFE BB R 6T,

3) ExlENiG & KR 87 — DR E
HJ, L], SP &#EaE I &k 2 BIEH&E & &K
iR T — oMK, BrzhZh Tl
ARG (r=0.46, 0.41) ichotz. B
ZE L GAIFHBREr = 0.85 (p < 0.05)
DIEF ICE WHEBIRE RD, Zo—XEF
%, RAREEREE ST —= 16.833 X REfE-
48.252 TdH -7z (Fig. 3). %7 SP DA% &
RLELESAY, WHFCEr=0.85 (p < 0.05)
DECHBERGRSH b, —XEFERIE, R

1300
1200 ®
1100 |_y.=16.883x-48.252 % _
= @] e
gmw ° ‘m' =
g o . e%e ®
S 800
3 D e
2 700 o
o O
ggo o
600 =
@]
500 L i | - .
20 40 50 60 70
FFM(kg)

Fig. 3 Relation between FFM and maximal power
(OFemale @ Male)
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e3¢0 —=17.381 X RhEf= 51.519 TH -
7z.

4) B RREREH 7 — 2 & Tt 25y &
e LB E, 30m E2 4 L DRIG
DUERE R RNRE LGE L T&, ES
SRS, 30m 4 4 L OHEIRR
zhzinr=0.26, -0.23 ThH b HEEIH
ENkhot, ZO—HTHTTIE, ZhZEh
r=0.54 (p<0.01), -0.43 (p < 0.05) T&H
b, HELHEBEBERICH -7, Fig. 4134+ (=
B, B (TB) e 2Rt 2 XKL 72
bDTH 5.
SPREANRE LIcHE LT T, Zoik
S FLEE R, 30m Y A LICH B e AHBERE

27 v b8 T F—= v 2ADHER 7

RIEFBD SN oT, ELBFICBVTY,
F#o L 30mEY A LOBEREIRr=-031Tdh
WEEESR N R ot L L, ENLE
P I A FLR I I B W A fR B r = 0.60 (p
<0.01) oHEERBERESAR SN, Fig. 5%
ZF (LB, BF (TE) o8 2mEARHE%
MRL7ZbDTH 2,

B

ATl ERAE OMIHEEE, BEEET %X
RIZ, 10X 3ty FDRAMEE T —F 2
MCB T BFEE AT — L 7 2 RO REEILTEL
BRI L & BT U 72, ARBFZRIC 81 2 IR R
T =1k, WFTBXZHENL12-13W/kg, &
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Fig. 4 Relation between the difference of maximal power and Lapeak (left) and 30-m time (right) in female (upper

panel) and male (lower panel) in all group athletes.
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Fig. 5 Relation between the difference of maximal power and Lapeak (left) and 30-m time (right) in female (upper

panel) and male (lower panel) SP groups.

T-CRE 13-16W/kg TH - 7. mARERESE
X7 —F A+ OFHifiERE (FF 1986) %M
T2 L, KDL T DOFAE 52.7kg, ¥
87 —656W 13 TENTWw 3 (7 BB -
75 3EMEH) ), BT 0K E 64.6kg,
X7 —936W 13 T (7 BREETAm 4 B RS
H)) Thotz, —FH, TOKEDFRH ST —IC
LT, 7R MEOREIMHFARRE $ 27 HI
DA 11-12mmol/L ¢ &% b, Wingate 7 A +
# o 13-14mmol/L. (21 2013) & IZIFFERE
2, bEPIEOWRETH - 2, ARHEKRE S
7 — DRERME & s L FLER IR EE I I3 AHB A3 A&
SN o 1D, AL ST — OREL,
BRAGIA R L P FLER IR PR (r =
0.5 FEEE) MBI L 72, 2T LB A

10F % L 132 Nk o gt o 3l & v
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