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Effects of Aerobic Endurance, Anaerobic
Endurance and Running Economy on
Prolonged Uphill Running Time

Jun NAGAI*, Kaoru TAKAMATSU*, Masaru NAGANUMA**

Abstract

This study investigated effects of aerobic endurance, anaerobic endurance and running economy
on prolonged uphill running by comparing with those of level running. Subjects were three college
male distance runners who had no experience of special training for uphill running. Two of them were
excellent runners either in level or in uphill running, and the last one was a good runner in both types
of running. In level running (0°, 310m/min), maximum oxygen intake, maximum oxygen debt,
maximum number of repetitions of squat exercise (Squat Max), and economy of level running were
not determinants of the difference in the exhaustive running time. On the other hand in uphill running
(8°, 170m/min), both Squat Max and economy of uphill running were determinants of the difference
in the exhaustive running time, although neither maximum oxygen intake nor maximum oxygen debt
was. These results suggest that time in uphill running may be improved by the improvements in
aerobic and/or anaerobic endurance of leg extensors and running skill specific to uphill running.
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Table 1 Physical characteristics of subjects

Subj. Age Body Body

Maximum Maximum Maximum  Record?

height weight oxygen oxygen number of :10000m
intake® debt® squat distance
exercise® running
yrs m kg ml+*kg~'*min™' ml-kg™? times
S 22 1.61 54 72.6 126.3 51 3136"
F 19 1.64 56 72.6 145.6 103 3414”7
H 20 1.75 62 75.5 98.2 183 32'54"

a. Maximum oxygen intake was determined on the treadmill inclined 5°. The
subject was exhausted within about 10 to 12 minutes.
b. Maximum oxygen debt was determined on the treadmill inclined 5°. The subject

was exhausted within about 60 to 90 seconds.

¢. Maximum number of squat exercise with knee joint angle of 70° at the maximum

flexion was determined by using load equal to 409 of subject’s body weight and

repeating in every two seconds.

d. Record was achieved in official meets held during the expeﬁmental period of the

present study.
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Table 2 Exercise conditions and measured items in level and

“uphill treadmill runnings

Exercise

condition time rate

Exhaustive Heart Oxygen Oxygen N of squat
intake debt

exercise

Level running?
Exhaustive run O O
12-min run A O
12-min run B O

Uphill running®
Exhaustive run @)
12-min run A

OO0

12-min run B

00O
O

ONON®)
O

a. Level running :0°, 310m/min
b. Uphill running :8°, 170m/min
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Table 3 The results of level and uphill treadmill runnings.
Subj. Exhaustive Heart Mean Total Oxygen Oxygen N of squat
time rate® oxygen oxygen debtd requirement®  exercisef
intake® " intake®

beats'min™ ml*kg™min" % ml*kg™? ml'kg? % mlkg™' times %
S 28700” 177.6 64.7 89.1 723.0 110.6 87.6 833.6 - 52 102.0
Level running® F 17°30” 201.0 65.8 90.6 737.3 96.6 66.3 833.9 98 95.1
H 14°00” 180.0 65.7 87.0 736.9 84.0 85.5 820.9 161 88.0
S 16°00” 165.0 63.3 87.2  706.8 86.2 68.3  793.0 15 29.4
Uphill running® F 18730” 202.2 64.6 89.0 722.2 95.9  65.9 818.1 83 80.6
H 30700” 181.2 61.5 81.5 686.3 51.1 52.0 737.4 166 90.7

a. Level running : 0°, 310m/min

Uphill running: 8, 170m/min

b. Heart rate is the value immediately before exhaustion.

c. Oxygen intake is the mean value of those in three different runnings, i.e. running during the first 12 minutes of
exhaustive run, 12-min run A, and 12-min run B. Oxygen intake at resting level is included in the mean oxygen intake,
but is not in the total oxygen intake. Symbol % indicates rate to maximum oxygen intake.

d. Oxygen debt was determined after 12-min run A. Symbol % indicates rate to maximum oxygen debt.

e. Oxygen requirement is the sum of total oxygen intake and oxygen debt.

f. Number of squat exercise was determined from the second minute after 12-min run B by using same measurement
method as Table 1. Symbol % indicates rate to maximum number of squat exercise.



BEHEDZE LD BENETH -7,

(3) R2HHEBCBIZETRT I10BORY

7y hEBID KR ES

#3112, ROMERT 1H9BORA 77 v MEE)
DREREEERL Iz,

12K T 1 080X 27 7y MEBIOKER
Bk, FHE, REVFELDRRHBRE LS, K
WTF, SOIETH-7z, ZDIBMIZRARIER
BOIER (F1) LE—Thol, £, FHiFE,
WEDEEDIZ, A7 7y MEEORAKERS
X BETIRT 1 580 KIEERSOEESHE
# 13 ¥ exhaustive time ZTEW I L 2TED SN
720 LU, FEHIETIRWThOWERE b 2 D
FHIX100% 2T, HEREROZEL LT THS
770 TR LT, K E D ETIX exhaustive time
DELENSIEIOEEBMBO 245D HFEL L
BWETH 72,

B¥, BT 19BOA 79y MEBIDORE
[\ & F ORARERS I T 2 EE&E, HIZF
HiE LR EVEEDEFECMETH o728, St
FiiR LD EDBENFHIEDHE L D bEWE
THo72,

E

B B ORERERF O L2, FEHE
BLUORED BRI EVET, H5 03RS
WEFOWBLZ LR RIZE e T WS, F
i &R E D D exhaustive time 2% 123 5
&, SRR VASIRE D EIZFHOEE, H
IR E D EICHEOAEHEIC T ETE, FldiRkb
D&, FHE L ICHFRBEREOEFLLTER
PRBSTOND, ThbDT Lk, EMEETE
DEFFIIITEE T O—BERTH 2 BELKNRATT®
SRR S, H5VITEEN T OELICE -
THRET B LEDbNLT WA, FHiFELIREDE
TRHAI»SHTYH, EEM»LATHRED
BEIERIND ZEETR LTV S,

% TR T, B FHiE LR EDED
SR HE T 52 ORKKRATN], £5DES
BAT, BIUHOERSH - BRERAIOE
BE, SLXOEEL L TBABRERE, BAB
REEE, BLURAZ Yy MEFORAKIERE
PHOWTHRETL 72,

RAMRREBNE L, REMEDO MV —=7%
Bt U 7 WIHAER P DERSR I I R S R E R 5 2 %

—225—

B, BB S N BRI REN R B
EEZLWEAELH D LMESN TRV K
WETH, IhE ToIE LFERFIC, 10000m OF
BROJEN L ABRENEDIEM & EFA—Tk
Molz, £z, FHEDAL TR, REVEKS
W b exhaustive time DNENL & KR EBINE
DMERL L BR—ThRdoT, ZORECE, H&
EREFEHED NV —= Y P2 EEICbE>T
fToTwaZl, EEHFLLEDBEVKECD
Lkl EWEZOND,

(LI &171%, 5000m EDER L RABREEE
EOMICIERERHBEREERERH 2 tHEL T
3, Lo LAZE T, 10000m OiFONERL & &
RERABBOIRML &L EA—Cahroiz, %,
e, K.EDEE b I exhaustive time DJEf:
LERARBRAERDIEM L ZRA—Thhrol, T
DODRFEIZE, FRSWOHENS bFBHON B &
512, 15~304 T exhaustion 272 % X 5 = RiE
BETIBRETERIN T 3BREAEEDOEED
hNsnwZLtsEzZLNS,

A7 Ty EBORAKEEEDIEA L
exhaustive time DIEAL X, FHiFETIZE—T%
Moieds, WEVETIERAZ 7y MEFORAKR
BRI Z W EIF L exhaustive time iZRW 2 &
HIEFED 5Tz, Costill 513, uphill 7 TRSMAA
BO7 Y a—7 CFAESEL 25 LHEL T
2, iz, ERSVIHEY D OMBHFA I OFE
REDERHEDRBEIC KR E BT L L|EL
Twd, Zh6D|E L RFEOERIZTVTRD
MEBwEET 25, BCABNEREORES
B« BRAIFRATTCEN TS Z eI ED ER
BEDTEETHSL Z L ETRBL T3,

MEDERE, BECEEILEBRETE, ¥
HEDEFIZEH OFREFA ST EARBREER
BE71), FOEIFAST (BABRAEEN),
MOERL - BRWRAS (A2 7 v FMEBIOR
KRIEEEST) ODBLCI>THTLUHREL
ZERRBLTNS, ZhizXLT, IKEDED
ERIEEF DBERHBA I 28 OEKAFAS]
DEH L > THTUSPEEL B, HOES
B« BRERASIDESIC X - THRET 5 WREM
DHBZLEREL TG,

AT, WICFEHIRE C R B D EORTSRCE
BT 2 EORBEOEZERIZDWTKRE L, =
BF 7 4 — A, EHEDF— AESY, &R 52



— 226 —

R DE D & 7 W7 NREIEMEE O &I 2 B
KOWTHEL Twb, —H, EOREEDE
5 b REEEEORMCET 2REIHmE LS T
223 RiEEEE, B—HEOB S IBREE
BBV EEORFECEN, EEATCENL
TWwWb I ek 3, —fRiIix, ETHOBEERN
BOKRKNCEOREEOEL RFHET 2 2 L 23%
WA, WIFNIK LTy ZOMREEER, BREN
BETEH2ZOoNBFEDRFER, 71—4, _—
AfEsy, PEREL EOFMORESNIBR LA
BT IEMTES,

AEFFETIE, PHbE, REDEE b WCETHA
6125 F TOET, TEhbLREEEE2ERE
TIBELBREER, BLUZONRTHLE
EENEB L BEAEELL L L TEORE®D
BHERMRET LTz,

EihiE Tld, exhaustive time DIEN & BEHRE
BEEOIEM L EF— Tk » o7z, %7z, Conley
59, Costill &2, BATEEHTO%VO,Max &
EFEFEDO RIS E ORI R EE R ADMEBEBERH
BB EHREL T30, KBS Tl exhaustive
time DB & FHEERERE, %V0,Max D%
JERL D Bl—TRhhroiz, & 512, BEAREE, %0,
DebtMax Q&I & b RI—THR Moz, TDR
Hiz i, AHFROPRENEE LD > TERF
H(bSwy) Thr—=v %L T0w3Z D
Erond, IO ki, BEINEBETA,
DRSS B EOREEDO A THRET 50
Tid7% <, EORBEEELITRL S8@EFATT D
MHEERC Lo THRET S E2REBL TR,

ZRIZR LT, K.EDETIE exhaustive time
DELRVHEBRFTER, VIIRRENE L%
VO,Max, BEAEE L %0,DebtMax 23> 31
LMD 2H LD HENERT L, %72, HIZA
77y b DREAREBRSBCHT 2 120MERT 1
HEORERBROEEIFLHMER R, &
OFERZ, HidEc&#nsdizl, LrbEEs
ANWVE =D OERMEFICOTTwE I %
RBELTW3, AFETE, HBEFIZDOTTH3
REDFEOHAM % 7 2 — A, ~— AWy, Wk
DED» S EAHICRT I 3 TER Y, LiL,
B L7 A DR b EbETELDL L, IR
EYEOEHFERLLT A0, HOESRK -
BSHHBA I 2ED204 TR, WEDEE
BREEOBOERM O FICOT 3 LR

TEETHIEEZOND,

AR DRER X, TEDECHT 2EFOHEMYE
BENER DL —= U IEIRORERICEE T 5 B
BB dbirseErzonb,

78, AP ERE 2 NRIC L E
BIFFEETH 5 DT, SHRPEREREEL THEICR
SNEMZZZEBRNETHS,

E B

W EDEORSFRIZTTE£EDERNREAT,
EHOEKNFAS, HOEKH - BRRAT,
BLUEORBEOEE Y, FHEOHG L b
BL AN SME Ui, #RE I3BEICEMNRIK
EOEDO M- T ET o TR LREETFR
BEHERT 3 4 TH o Iz,

BRZROBEY TH 5,

(1) PrvyRIvicksEHE (0E, 310m/
min) &R E D FE (8 E, 170m/min) D exhaustive
time #» &, FIRE T FHECRFICEN I EF, K
EOFEBENESF, BLUOEHE, KED
AL b CPRECENBTCHT SN,

(2) FEHIFEIZ BT % exhaustive time DIENAL &
BABRENGES, BRABRRARESN, A7 Uy
MEBIDRKRKIERES, B L OEHEORERED
BB WFTRFE—TR2 o7,

(3) WEDEIZHBIF S exhaustive time DJEAL
L RABREIGES, HABRRAEREOEIEA
BuindE—Thsrotz, LHEL, WEYFER
BNBFRIRA Yy MEBORKIKIERN LR
EVEORBEZENTOE Z EBAD ST,

FROER» S, IREDEDRHFERS TS
DIz, MERIES T 2 HOMKH - BRI
ANEBDH L, BIUREY FCRHERER
MEBWOT 2 ENBOTCEETHS EREE
iz,

X - B

1) WEPEsEE, ZFEARIR, BAM—E TREMEE D
Vo,max OREETIIHTE, IHRERXRFZRBHEERL
B, 14:91—93, 1971,

2) Conley, D. L., and Krahenbuhl, G. S., “Running
economy and distance running performance of
highly trained athletes ,” Med. Sci. Sports
Exerc., 12 : 357-60, 1980.

3) Costill, D. L., Thomason, H. and Roberts E.,
“Fractional utilization of the aerobic capacity



4)

5)

6)

7)

8)

9)

10)

during distance running,” Med. Sci. Sports, 5 :
248-52, 1973.

Costill, D. L., Jansson, E., Gollnick, P. D. and
Saltin, B., “Glycogen utilization in leg muscles
of men during level and uphill running,” Acta
Physiol. Scand., 91 : 475-81, 1974.

Foster, C., Costill, D. L., Daniels, J. T. and Fink,
W. J., “Skeletal mpscle enzyme activity, fiber
composition and VO,Max in relation to dis-
tance running performance,” Eur. J. Appl.
Physiol., 39 : 73-80, 1978.

SRE, BnE, FEH TESNRAE N —=
v 7FRICHET 2 ERFSE— by — = ST
DO BHFCEEL C—) HRETAEAR—Y
TRgERTER, 10 11739, 1972,

&FRE, BNE, FLER, FHEHR Thr—=
YT EBLTAERAMDOL S 2 HHET 5E
BRROITSE ) REBEREA R — VAR, 11:
15—37, 1973,

SIRE, ERFK, BN, EHER "5 A%
b —= I FBICE T 2 BRI v —=
VWAV LB E L IBFTO S 2SR AR R O iE
BRI RITTHE —, REHBEREAR-VIF
Y2FreR, 14 : 35—60, 1976,

SIRE, BNE, A, LEEE, EHIER,
HIUBE TRAGECBT 2PREOWHIE, HEK
FHRERERILCE, 1 :65—76, 1978.
EHEN, MEARE, SYxE, WEEH, X

11)

12)

13)

14)

15)

16)

— 227 —

H#E, ST, EHET Thry Pk
IRABBRAHEEOUEELE— vy FIEL b
J v 7L OB — BISEEHEEEHE R
R—V RIS, 1—22, 1968,

EHER, IMEARE, SExE, WEED, X
g, BUR=HE TR RS PREEE R O MR B
BEDEE), BHUEEHAETREAR— Y RZE
ek, Vo 1—10, 1969,

=R, IR, ML, TREBEDA XV
WHE R EBE, AV A0 Y—FRS
(R, BREFHORF )V, FEEFOREN, &
MERBE, 1976, pp.134—44,

BRES, HEOMs CREEER, FEREH
ZEFR, 1970, pp.318—20,

EARERE, WEEE, EAM—E, aTeE, R
BHE TR OIFEEEI B ABREENE L BEE
BELDEEGCOVWT—REMEFOBE—, B
KERFHEEATLE, 11 107—10, 1968,
ERERE =7V v OWR—E [ FIYAE—
F—FrEEE HBRE) /772 L 20, &
[ R E RN AER SR ER TR, 30738,
1969,

EfRE TEEES V-0 Ty —= v Ak

I EEBRN ST — KEORIE, 27! 436—41,

17)

1977,
e —, FAM—AR TREEREE QBRI &
ERESRATRES) ) PRAIRIS, 26 187—95, 1977,



