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Influence of anaerobic work capacity of upper limbs on 400m

running time and decrease in running speed

Mitsugi Ogata', Megumi Takamoto®® and Shintaro Ito*

Abstract

A study was conducted to investigate the influence of anaerobic work capacity of the upper
limbs on the decrease in running speed during 400 m running. Ten track and field athletes were
used to obtain data on change during 400 m running and anaerobic work capacity of the upper and
lower limbs. Maximal power, mean power and power decreasing ratio during thirty seconds crank-
ing and pedaling were measured. Lactate concentrations after running, cranking and pedaling were
also measured. There was a significant relationship between 400 m running time and the value ob-
tained by dividing lactate concentration after cranking by that after 400 m running (r=-0.761,
p<0.01). Running speed over a distance of 400 m began to decrease after 80 m, and kept on decreas-
ing until the finish. The change in running speed after 80 m was expressed as a linear regression
equation, and the regression gradient was interpreted to be an index of the decrease in running
speed. Subjects who showed a smaller decrease of running speed tended to record a shorter time for
the 400m run. No variables related to anaerobic power had a significant relationship with the index.
However, significant relationships were shown between the power decreasing ratio of cranking and
pedaling, and the decrease in speed from the 320-360 m to the 360—-400 m portion, respectively
(r=0.766, p<0.01; r=0.709, p<0.05). These results suggest that the anaerobic work capacity of the

upper limbs influences 400 m running performance indirectly.

1) HERERERESR 1. Imstitute of Health and Sport Sciences, University of
T 305-8574 HBEOIEHRESE1-1-1 Tsukuba
2) SR KRFEE R EN TR 1-1-1 Tennodas, Tsukuba, Ibaraki 305-8574
T 305-8574 HHEOIEHKRES 1-1-1 2. Doctoral Program in Health and Sport Sciences,
3) KERIEH R University of Tsukuba
T 590-0496  KFRAT R I ARREER AT RAM & 1-1 1-1-1 Tennodai, Tsukuba, Ibaraki 805-8574
4) HEHESSER 3. Osaka University of Health and Sport Sciences
T 061-1412 Jb#EERE T E AT 4-1-1 1-1 Asashirodai, Kumatori-cho, Sennan-gun, Osaka
Eigk B H 590-0496

4. Eniwa-Minami High School
4-1-1 Shirakaba-cho, Eniwa, Shirakaba 061-1412
Corresponding author mitsugu@taitku.tsukuba.ac.jp

NI | -El ectronic Library Service



Japanese Soci ety of Physical Education

574 RRRIZAH

Key words : arm swing, pedaling, cranking, power, lactate acid
(Japan J. Phys. Educ. Hlth. Sport Sci. 48: 573-583, September, 2003)

*—J—KN:IiRY, REYLT, 95%2 7,
INT —, FLBE

| H Ay

ATN Y NGy TIIBITAHENIX, B
M TROFy 7RI Lo TRONS. 2D
7ed, ATV Y PDOINAF R A =7 AR,
THROBMECIERB L72b DA% { (Chapman
and Caldwell, 1983 ; Chapman et al., 1984 ;
Simonsen et al., 1985 ; & T34, 1986 ;
Robertson, 1987 ; F{LiZA, 1986 ; FIYLIZ A,
1988 ; AT A, 1992 ; fREEIZA, 1997b ; 7
BE(Z7>, 1998 ; Paradisis and Cooke, 2001), %
NODOFRER L LT, BOEEEELEANT
TeODEB L EESEVHEICIhTE . £
D—FT, MEBIL I LVA, A7)V b
O LD (B 8ifE) 2oV THHFELE
HoHN, AT Y MIBIABRY OREIZOWV
TOBEP LI hCT&7z (RE - EH, 1979 ;
Hinrichs et al., 1983 ; IWWH (I A, 1986 ;
Bhowmick and Bhattacharyya, 1988 ; {#ik,
1991 ; /MK - BIVL, 1992). Zh o DR S
iR ) OB REBERHTHE, THOBEICIAE
CHRUNZHE LN Y A %85 (Hinrichs et
al, 1983 ; IUMIZA, 1986), MO EAH % &<
LAMIA F2MiXy (R% - ##H, 1979), €
VFRRAMTA FEREST S (i, 1991, R
Y=+ ¥y a2 BOHOEBEZHREL, A b4
FEEMSEsLLBITHEENEBLIILE
1R#3 % (Bhowmick and Bhattacharyya, 1988)
R&led, TOLHITHIRY OFRIZOVTIE
M—LERBIESRTOWRWY, REREL2S
D5 ECHBEHICERLTNS I LIIREI R
Hiid 2w,

A7) Y MBI B8, "M A AH=F R
B RS2 TId R, RBEHEM (KW
i) 2odEELdh, X7 MIBITS

B, N7 —, HRADOEEENHL IS
T&7:. ThOHDOHETHTHEENRELTWS
SOMVEBMICEL L CEHiTD, 1987 ; Alexan-
der, 1989 ; BERIZA, 1990 ; ALHITA, 1992 ;
BA - B, 1992 ; 1hA&IZ 2, 1992 ; Young et
al,, 1995 ; 3% i34, 1997 ; Dowson et al.,
1998 ; BERIZ A, 1998a ; BERIZ A, 1998b ;
Kukolj et al., 1999 ; BE&IZ2>, 2000 ; JERITH,
2000 ; Chelly and Denis, 2001), ERcZE(Y b
T b ok, BEAIES (1996) O Lo
EHE L 100m, 200mED ¥ 1 & & DOREE R
L72bDL»RY5400w. ZO70I2, A7)
Y MNIBT B EEOH TR N7 — O BEEIZIMHE
ENTWBEIEIFVAn, LaLeds, N
veaFd - F1) ¥y 7 400m TiRBEER % 572
U 7 7 B S FC % 400m FE 4 Gl % MRS S 5 72
OITPiRY) ORAEEZ®DL FL—=r 7 %% <
Wy AN (B%, 1993), HEHFIIBVWTLE
OB/ T — kBB b L—= > 7 OBEME
BRI TWB L (B, 1976) &2 5L,
EREDVERBRIZRA T ¥ M7 4 — v RIS
ERIZTERO DKL ER LI ENTELD.
WHSEEBORTHOAMIETHY T/
400m EIC BV TIZ B OB X HHFICEEIC R -
TLBEEXD. L¥%D, 400m L — AR
ABOERLBOT YV F— Y APETLTVE
(Hirvonen et al, 1992), L — AT THE)
TEIXER T 5729 (Sprague and Mann, 1983 ;
2D, 1997 5 FHEIZ A, 2001 ; EHIEH,
1998), ERo@EICL Y, EFE L THRE#EE
DINTG Y Ao, EvFRA T4 FOIK
TRRABRICHIZ 2 BERAAELTL 5 LHET
205 ThHD. 2T, EHEOMEEREIE400mE
DIRNT =V ARERERLICHEL RITT L
W) R % T
CDRAZBIET 572012, AHETIEERED
VERRE & A00mED /ST + —< VA B LU HER
e DBRIZOVTHRE L. Hill (1999) i,

NI | -El ectronic Library Service



Japanese Soci ety of Physical Education

R0 RAVEEREDT400m EICRIT T 575

160rn 120m
200m 80m
40m
OPole
240m o Video camera
eStart
80m Sth lane

320m 360m Flnlsh

Fig. 1 Measurement set up for 400m running trial
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Fig. 2 Posture of pedaling and cranking
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Fig. 3 Changes of power during 30s pedaling and cranking

Table 1
running time

Results of measurements, and relationship with 400m

Variables Mean SD. ﬁ&ﬁﬁ%&

400m running

400m running time (s) 5077 107 —

Lactate concentration (mmol/1) 133 11 0.608
Pedaling

Max. power/BW (Watt/kg) 1251 077 - 0311

Mean power/BW (Watt/kg) 885 050 0.124

Decreasing ratio of power 205 3.0 - 0334

Lactate concentration (mmol/1) 112 1 - 0.152
Cranking

Max. power/BW (Watt/kg) 6.18 046 - 0227

Mean power/BW (Watt/kg) 465 034 - 0.347

Decreasing ratio of power 12.8 11 0.083

Lactate concentration (mmol/1) 83 08 - 0.203

S.D. standard deviation R: coefficient of correlation

*p <005
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Fig. 4 Relationship between the values dividing lactate concentration
after pedaling and cranking by that after 400m running, and 400m
running time.
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Fig. 5 Change of relative running speed from the 80m
point to the finish during 400m running. (mean =+ stan-
dard deviation)

Relative running speed: ratios of the speed in each por-
tion to the speed in 40—80m portion.
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Table 2 Relationships of measurement variables
with regression gradients which show the
decrease on running speed during 400m running

R with regression

Variables gradient

400m running

Lactate concentration (mmol/1) 0.684*
Pedaling

Max. power/BW (Watt/kg) - 0.006

Mean power/BW (Watt/kg) - 0.038

Decreasing ratio of power 0.049

Lactate concentration (mmol/1) 0.374
Cranking

Max. power/BW (Watt/kg) 0.164

Mean power/BW (Watt/kg) - 0.029

Decreasing ratio of power 0.454

Lactate concentration (mmol/1) 0.284

S.D.: standard deviation R: coefficient of correlation
*p < 0.05
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Fig.6 Relationships between anaerobic work capacity of lower and upper limbs,
and change of speed from 320—360m to 360—400m portion.
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