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Abstract The purpose of this study was to examine the relationships between running perfor-
mance and the cross—sectional area of the psoas major, peak oxygen uptake, and running econo-
my in male junior long—distance runners. The subjects were 37 male junior athletes who achieved
good records in interscholastic athletic competition during 5 years (2011-2015). Their seasonal
best times in a 5,000 m race (5,000m—SB) were 14:04.11 + 0:07.25 (13:53.64-14:16.15). In a
multiple regression analysis, 5,000m—SB was statistical significantly correlated with the cross—
sectional area of psoas major (16.0 = 1.7 cm?) measured on magnetic resonance imaging and peak
oxygen uptake (4.25 £ 0.36 I min [76.9 + 5.8 ml min™ kg™']) during a lactate curve test compris-
ing five stages. However, 5,000m—SB was not related to oxygen uptake at the work—load which
was less than the load at the lactate threshold estimated by using the lactate curve test results.
These results suggest that a high volume of the psoas major, the largest hip—flexor muscle, and
peak oxygen uptake are among the important factors for junior long—distance runner performance.
Jpn J Phys Fitness Sports Med, 65(3): 307-313 (2016)
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TA =< AIKRESCHEGTEIEDIREIN TSR
JERTd %Y. KIEMIE, M & KBREICHEL T
b7, BEFOEMEECRKECERKLTWS2HTH
B0 SR EEEE 2 KRS L 22T IS B VT,
HOEMIIBRKE T EEFED/RT + — < V ADE N
EPHEENTWLY, F7 ST s A EKE
HOBREIBE SN TBY, 22Tk, EHEEED
WARA Y — N & RIER O RERTRRESBEREYF T 5 2
EARENTVEY. —F, EREEEZIIBNTHIO
KEFHHER LRI fTbITwd . 2R s OSefrif
2L, KRR ORI O 82T b THB Y,
Va7 REBEEETIIHImIOMY E, 1) — Y
— 7 ENEESTIZ139+28 cm® OfiE'? & L EIUR
L7z ens, REBEGEDNT 3 =< VY ADPFH L) —
by =7 RHEEER B D RIER OHREKITREATY 2
ZT7EREEE EIRTREVWZEDPHL N E Lo TW
5. 5|2, HHESPE, Fo T NEZEHANEZD
R B L OMENH OB EIT>TBY, TOHWT, &
WEBEED T+ —~Y VY ARET AT NEZD
KIERG OREWIERE (180 cm?) 2WHARNEHE (139+28
cm?) L) BFEFIIRE P o L EHELTVAA
BIEEED /87 + —~ > A & RIERG ORE T IR O B AR
ARETL TRV, I HRSPIE, HARATDY — ME
# (10,000 mE/S—V F IV RZ b 284742738 -30 4%
38%509) xR & LT, 10000 midE/S— FIINRA b &
KBRS ORI AR 12D W THRE L2258, MR
MRS R ON Dozl L2 HELTWE. TDXH
(2, KIS O EInAE & RE#EED/ N7+ —< 2 AD
BARIEIZ DWW THET L TV A BRI R 74 v s, Bk
1EANE A T 2 BB 5L C H AR N R IR EE A ERS Y
WIEBT 572012, AE—FEEAMTEESHE LB E
EZONDLREMHICED L CREMEED N7 +—<
ZNWZOWTHE 2 BERLLENHLEEZONL. &5
12, YZT7EREEEDOL NIVIEVIST =<V AR
FHLTCWDL Y27 by T LN )VEEES &
FAZ L7z, KEER & BEEGED/ ST + —< v ZO R
PR ENTw v, Ya=7HicBi 5 EEiED /S
T A=V AEKEFHOFHEORRLEEZHS 22T 5
LT, HERM Y 7L RVOEKRERBEES DA /3
Tr =R VADERIZOVWTCOMAT 5 N TE L L
EAbND.
ZZTARBIETIE, SRy L ANVEFRIREEEE
DINT = A%, KEHOmHY A X, KIBEFHEI
BRIy v 7o) I —0BE»rORETAZ L
HIE L7
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SRR AT, BEAR—VEEE Y Y =24

RN H AR KE Fgidim e & i L 2011420 5 2015
FEOMMICBWTERIN - ERERIEMES 20 R &
L7-tAlECHE SN T =7 20 Lz wRE L7
DI, BNy TLNVORTREMEEITZTH -
7o, EWS, R, REBIUBMIIE, #hEh, 182+05
year, 1704+51 cm, 553+37 kg B L 195+08 TH »
72, MREOFAEEIIBIT 55000 mED T — X U ERE
% 4 2 (seasonal best: SB) DML, 145704%511
7825 (1347537 64-1445716F015) TH - 72, KTk
T, 5000 m#EDSB (5000 m-SB) = EHiEED /3
TA—< AL F BNy LV EHRHERY
ZT7 by T RNVOREEAT) 72012, HRZ =T by
TLRVDOR TV YERESHOEESRIELE L THW
72. HEYZ7 by L RWVEFEICHET 2T -2 I1ZoW0n
Th, EVAR=YRSE Y v & =205 H AR
i RGERR LB L, 2013 4F 1252 S LRI ERE O
T=F %N L7z, BRY=ZT by 7LV OXF 48
DAERE, JE, KE, BMIB L 05000 mEDHCHKE
5 A4 LONMMIE, 292%30 year, 1745+90 cm, 62.3
+69 kg, 20406 B X 13455011 +15F02CTH -
7o, BB, TORMEOBEB L UONEZHHL,
ERBIMOREEZR. HRZ =7 by TLNLVEZL
g A8, Sl FEko 3 TllE % £ L 725
Ny L N)VEE 244 (n=24, 182%06 year, 170.7+5.3
cm, 555+ 37 kg, 5000 m-SB: 144706 # 85+ 7f57) @
T =& OIE Tz REFFEIL, A ATEEE AN H AR A R —
VIR O 7 — E AR — Y B v Y — B AR
& (K#BFE 1 0215) OEBARTHEM L.

BAEBEBE S LOCBIESZE KT BT 5 Bk mfE
BAFAH T2, A ILE % (magnetic resonance
imaging: MRI) & (2011-2013, 1.5-T Magnetom Sym-
phony, ¥ — X ¥ A, 2014-2015: 3.0-T Magnetom Verio,
V=AY RA) RHWT, MBMLEEII BT ARG T A
Wi L7z, o, Wiy —r AL LTr T
T4 Ty b a—gEE vz FESEE 2011E,S
20134E 2BV, #ED R LR 98 ms, T —REfH] ¢
428 ms, %ML 0 380 % 380 mm, matrix @ 256 X 256,
7w 775 deg, BB 1M, AT 4 AFE 10 mm,
PRAGEEH 240 2 BRI L, 2014 4E7° 5 2015 4F 128\ T,
DR LR 0 90 ms, T I —KEfH 246 ms, IRIZH
3 : 380 %380 mm, matrix : 512x512, 71 v 7 1 55
deg, FEE 1, 274 A& 10 mm, HfEHH : 235
BRA L7 WEOM, I LRIk ofRR%E
TV, PRI X > THEIRDPZEIL L v d ) 12
L7z, 20tk W THonmgza s Ea—45—I2
WY AAH, FH#EGE (Ya¥—54 ) LVIIBITS
FIREITIHAR %, fFTY 7 b (ISIS, HYZ A 74 3) 12 & -
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m min' & L72. 201248 Clx, 4 45EfT, 249kE% 1
AT7—T kL, EHEEL260, 290, 320, 350, 380 m
min? & L7z, 20134EDIETIX, 4 91T, 1 o0RkE%
1 A7—=2& L, EMEL 270, 300, 330, 360, 390 m
minte L7z, FEA7F—JI2BWVT, BEENEL LV
PR RN AT #E#E  (Vmax, Sensor Medics) #
Fi\C breath-by-breath THl%E L, {LHAKIZT L A —%
il (ZS-910P, HALTE) # v CllfelllE L7z, A
HAGHT LD N AKIER L OB ORI, 2 FEHORE
DREHEF A (16% 0s-4% COq balance, 26% O,) B L
246 1OV ) YV EENENHCCER L. FAT—
VLB AMREBNER ISR, AT -VURTHE
B 1Mo a2\ $72, I —75 0=
7T A MEORFEEN R, BAEB L OVHIRORS
flild, 30 EICE N L2 St L7z, ML
BEE, 1ab L E 2080 v — N VIKEDH
2, R OWMEOIMEZHRICL, P FLERIE 754 4
(Lactate Pro, Arkray) # W CHIZEL/Z. HAY =7
Ny FLANVEZEOSIEIX, 201345 & ko 70
FaWiZTHRL T, AT TAMOKAT -
DFEREITR T 5 M FLERIEE B L OBRFEINE D 5 i
INZREFEEHCCENENRRERORZEX L,
ORD S M FLERIEFEAS 2 mmol 17 & 7% 2 AR EE R
fii (Lactate Threshold: LT) BpoiEd#E R & OFEH#HE
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BRI L 725 A7 — ¥ O & lRENE2 S

N5 AREME VT, 5UERE 33 5 BRREE
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2, Sy rIa) =BT 50T O
FERBENT3654DT— 8 & W,

FEMEN R REIRE & LC, RIRIFEOME 21T 5 72,
RERBF=RIE, ZBAEE I X A2 RIRI =R ER (BOD-
POD, LMD) # Ffl\WCTHRE, AEBLOMAEZHEL,
188 LL 0 EBistE %1213 Brozek Y o2 L - T, 18
MmO EREES IS L CldLoman® 012k 5T
FHL 7.

et ETolEMEIE, P EEFETR L. HE
ALER 0L, AREMLEEY 7 by 27 (SPSS19.0.0 for Win-
dows) % Fiv 7z, ARFZE T, 5000 m-SB % fElE 252,
RIFFEICB TS N COREEEH 225 L
L, A7y 774 X% CERIFIN % FEEL 7.
fabfE (P) A%0.05 HKii & A mARE O RLtE & L7-.

B/ R

ZERBEIEC X o TEHI S ARG #IE, 96+27%
ThHolz. KFETHLOY AL —-F 4 L LWIZBIF LK
FERG ORI AR 12160+ 17 cm® TH Y, KED 3570
2 FTH L7212 1102012 cm® kg " Cdh o 7-.

SEBRIT - — T T ST AMNIBUAM
FEIE, BKE, OB L O FLERE EE O i il
X, FNEN425+036 I min' (76958 ml min! kg?),
137.9+169 | min™!, 1951+64 beat min'3 X *106+
21 mmol ' TH o7 (Table 1). F72, AWH—75
VT TANDMERPSER L ALTROERES X
OBEFBIE X, #h2h, 30715 m min?' (270-331
m min?!) BL0339+0.351 min? (59.7+11.2 ml min*
kg!) THorz M4 IZEM L LTICx$ 5 EEE DR
BAl1Z270 m min ' TH o 72720, KiFZeTld, EHE
H270 m min B AMEENES T vy O )
I—OEEL L.

RNy T RXVOBTFREREEZED/RT +—< »
22, EFOEZDPEG LTV AINERL 2T S
DICE RSN & FEM L7z ZORE, RE#EEED/N

Table 1. The peak values of oxygen uptake, ventilation, heart rate and blood lactate concentration

during blood lactate curve test.

Oxygen uptake [I min"'] 425 + 0.36
™  values duri Oxygen uptake [ml min~' kg '] 769 £ 58
e peak values during o o
blood lactate curve test Ventilation [I min™] 137.9 £ 16.9
Heart rate [beat min '] 195.1 = 6.4
Blood lactate concentration [mmol I”'] 106 = 2.1
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T =y A, KM ORI, kIR
BHO2EREMIERE THAERBFASHS N
(Y =901.030 — 1.665x; — 0.394x, x1: AIEMEE IR, X0
REMEEIE F=5534, p=0008). FOHFGEB LV
HEEMOEREREL, T2, 251% (R=0501) B
L0661 sec THo72. 72, 5000 m-SB 24 5 KJE
i 5 T TR R O R HEA LR I R AR BE, AR fiE (-0.396,
P<005) %R L7278, fmBRFBIE OEELRRIE R
B, AELRMEE RS 2o 72 (0307, P=0.050). —77,
5000 m-SB i, AW —7T 5 =0 7T A MNREIZBIT
% 270 m min 1263 2 BERRIE & BIRMEATRED H
Loz,

EIEED/ST 3 =< U ADRENY =T by TN
EEE, voTEELFEMEOTT N TV EFER L 2ER
Fy TLRV (Taz=T) EFHIZBWC, AkRI—TT
AMNDEAT—=VHART =Y FTOR—EMESIC
P9 A REENE B L I h FLERRE & i L 72 (Fig
1A). [F—@EBAMTREOREEEIEL, Y2 =TEED
HBY=TEEEID SEE AR L, T2, FH—E
B OIMAMILRRIEE L, Yo TEZEOHFY T
EHLY bEmWENEZ R L (Fig 1B).

£z ¥

KIFZE T, BNy 7LV OR T EkEREES
DIST F =< AL KIERG ORMEITIRIRE, e ER B
BRIy a3 —LOBRIZOWTIHEL
72. 5000 m-SB &% ft)& &% & L, EEFHAT & Kt L 7=

A, 5,000 m-SBIZIE, K O mRE Wik B & OV
MEh—75 =77 ANTELNREHREERE
DVEEZBREZFESZ o 5z, —7, 5,000
m-SBlE, EMHEEA270 m min N IC BT A BEFEEE L
BARIEASERD SN hro 72,

AKIFZEI2 BT, 5000 m-SB & itlEZ e L, %
THONKHE 2 M ERE L CERGST & FhE L
7okER, 5,000 m-SB AT EHB D KNE 5 o i Ak b 1 A
EREZBABREIEO SN2 ToRRIZ, HARAY =
7)) — MEFEEGES (n=18, 10,000 m average time:
29:39.74+3254) & M HIAT o 72 ATHEZEY O R &£ 13X
HBebbDelo7z. INET, EFRT7r—v AL
KBRS ORI O BARDHGET S -0, HIEEER
HHEWNGE L0 %\w, Ja=T7HIcBIF sk
BT T, RN O BT AR 2% 100 mERE
BT ARARAE=FICHGLTWAZ e s T
WaY F 72, K&5190% 100 m L — AR I R
J5E & RIS O FE RS W A O 2 A & 7 FH R B4R SR8 &
N2 EHREL TS, 72, RS20 Tidkl,
USRI H OWFEIcBWTh, HIZHEIL T
A=FNZBT B3T3 —< ¥ ADSKIER OFG RS &
HBEERZRLZZEDS, BARICBLTHERz L
\F 5 72 DK O i W AR O B TRER S LT
B0 SBIT, BA REEEITo T A ERE 2SR
KBER O AT 2 M52 L 726 Tigeilc B ¢, L
HRREEREH LIS, o —NAT y hAER= VR ED
FEBIWEDSZF DR NT7 + — < ¥ AIZERE LT\ AR

Table 2. Results of the multiple regression analysis that derives the 5000m-
SB from the cross-sectional area of the psoas major and peak oxygen uptake

during lactate curve test.

Variables B SEB B r
step 1
cross—sectional .area 1666 0.662 _0396° -0396
of the psoas major
SEE  6.91
R? 0.157
step 2
cross—sectional .area 1665 0633 ~0.396" -0396
of the psoas major
peak oxygen uptake -0.394 0.194 -0.307 -0.307
SEE  6.61
R?  0.251

B: unstandardized regression coefficient

SEB: standard error of the regression coefficient

B : standard partial regression coefficient

r: correlation coeficient

SEE: standard error of the estimate value

R?: coefficient of determination
P <005
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Fig. 1 Changes in oxygen uptake (A) and blood lactate concentration (B) in junior (filled
circles, n = 24) and senior (open circles, n = 5) athletes during a blood lactate curve test.
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FHRY v —LwoEAY — FPEREINAHEHE I
BV, KEEOBMICERL T2 EEx b5 KIE
50 DR AR S 7 + —~ AR SHET 5720
WCEETHLIENEZONDL. —TJ;, REI#EEE O
JEICBVWTY, F=7 ARH#ES E HRANERBEES
B LR O AITbTRBY, 22T, HRMIZHE
BLCTwbr =7 ARH#EESE (180 cm? n=1) &l
LU CTHANERBES CIIRER/ NS WE (139+
28 cm? n=10) %R LTV 52 RN, o ik 0 A
DHHERLLE LT, AfETIdYav—5 4 vk, Jefr
e CIEEREDEE 4 -5 OB S TOSM AR L THB
I 73E 3 A WAl o R Nl i A Sl = G G= A
WS, KIERG O RMEIRTIRIRE (X, AREFZECRISRE L2V 2
=7 REEEEEOF D, FHRO—K%Y 2~ =7 RiifE

F (F9em’DfEi?) L hd, E5ZIFTY -y =T E
% (13928 c® OfEY?) X0 bEfE% R L7 AT
72810, KIEF OB REAKEWITE, 27
YN EWEEZ SN TWAED, RIFZE TR E
L7z 2= 7 BHEGES DS, BITMEY Tg e L
o) = h L TERELIVL AT U MNEIEWEE
ZAbND. O Ens, REFETIE, A7) U Mg

RENEEZLNLER Yy T LV 0B T-Ef B
EHEERRE L7272, JATHIZEY & 1382 ) KR O
HEWT IR & 5,000 m-SB O W12 A 7 BRI 580 5
el EZONDL. fito T, HHEEEE L B ) B
AR 2 53 2 DIF TR WA, 5000 miEH IS
WIEE R MR SRS Lo 2 BIREEOBHE B 12 B W
Th, BEEOIEIINCEBL T2 REHZ L h £ <
BEELTWLEIEDR, BT+ —< v A%KEET 2 F
THEEL LTS 5.

R — 75 v = 77 A MHI B 2 BEEIED
e EI£430+036 | min ' TH Y, KECTH LIRS
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FHENE3769+58m] min kg TH o 72, KW THE
SN, SEATHFZEY THGE SN 7210000 mAEIZ BT
L5 A AH29EDOHRNY =7 Kl ER OfE
(76324 ml min! kg) EIFIZRETH -7, L L
LS, ROy TEETLTCWELT =7 NEHEOH
(82.0-85.0 ml min* kg'!; Saltin et al) & Hig$ 2 L%
WETH o7z, RIFRICBIT 5T 2 =7 RE#ESEOK
EEERENEOEYEIZr =7 EE X ) R EmT
Holh, WMADOETHRLE, RNy 7LV E
HLEREDL NV TH DI EMBEENEH 80 ml min™
kg BBRDEENL2G\ 2 DT, KFFFEIIBIL
7o by TUOVREREEER OBIZIE, AEREMERE
DIEFIEN TV DLEZEL N L0905,
FATIZEIC BT, RAMKRENEL RHHED /Y
T =V ANZBERIED S B 2 A HE STV BY,
REFZEIZ BT, ERUFHH % FEhit L 72855, 5,000
m-SB X KR O iR B L iR EBRRERE &0
MIH = R BRSO 57z, —J7, 5000 m-SB Xt
T 5 R BN E OB ELRREREIIAE TR
Moz (P=0050). BATHFZE T, mui KEEREIE
LAVREIST =V AL NIV EH LT 5 RS
DHRENRE LTh, WRKBRFENEE X7+ —~ >
A DN BRSO 5N W EATRIE S
TWaY, AFRICBVTYS, BNy TLNVERE
FEHEVI)ROENHFADOWEERETH - 72720, KH
B FZERE 125000 m-SB & A& 7% BRI 52z
o7z (P=0.050). HARTIZREBRESED SN h o
727, EAFESHT OSSR, 5000 m-SB i, KM O
WA OO R & L T MR RN 2 A 212 B
THZENHLNE o7, S5, RO GE I,
=T by TULNVER L RO RERFENEOME Y
RLEZEDD, BNy 7L VOEREEEZIZBW
Th, BOREREEIGEY, BuEHEED/ $7 + —
RYAREARTERO—2 L 25 ML H 5.
EHEEICBVWTE W7 3 =< Y AR 5T 5720
I2iE, = vr a3 —dEETHLIED, £L
O THLE I ENTWEYY SF ) EilEES
& -, F—0@EBAMIIH LT L) RWEREEGE
TETTELIELD, BT+ =<V A% ST 572
ODBEFD—D LD, L2LEDS, RIFZEICBITA
RNy LAV ERERETF CIE, 5000 m-SB & T v
Zyrra)I— GEEEH270 m min x5 EEE
BIUE) (ZIZBREDER0 SNk o Tz, AT Tt
BENTWDL LI, WRIIHRICERENEN) Z
EOEHEEDNT =<V ACEEL o5 TL DD,
RWFFEORRTH HERE Ny 7L NVEFIZEIN
MHETIEE S WIS H 5. 22T, B/
TF =R UVADRFHNYZT by TLNWEEEV 22T

by T LRV EZ O —EEB B 153 5 BRFEIGE %
WLz, ZofE, $LiRD — 77 A FERIBIT B4R
T=UIBWT, Vo TEFOBRFENEN Y =T E
HEV OB R AEMER L. T2, F—EEB B m Ry
DI FLERIEE L, Va2 TEEOHP Y =TEBELD
bEWER Z R L7z BATHIEIC BT, 77U NS
vF—idg vy a3 =L, A—EBE IS
S92 M FLERE R AMRE 2 R T E B ST w2,
72, F—EBEM I 2 IRE ORI 2B VT
b, VanTEBLVTEBOMIIER N EE
AbN5. 2F0, &HEHEMICH L CRREENED
K<, 2o, MmAFLERERE OB MR U, IRE % FH
L72ABEERHREIEN TV D EE 2 5N, Ahf
ZNIBWTC, VaZTEBEOHVPVZTEBLINLE TV
= Y T REOMRFER D, o, M FLEREE OfE
bEDolzicd, VamTRERFIIVTEFL) QIRE
R LT AT =SR2 EZ NS, &
DEI, Ty ITaA)I—FRETLLOLE L
T, TANVF—OFHBENPERO—D & 7 LMD
Ho. —N, T Ia) I -DOERHHETLE
W& LT, AR - SN2 ERZT TR NS T 2
B =7 AMRAE S SRE SN TBY, 22T, Him
R DR R KBS A S LT b 2 A
LPIZENTW D, S, REBEZONXT7+—< A
FHLPIZLTWS BT, Sryoryr7Ta ) I —I12u
BEEBEOMS O FRICHE LT S EDSEEE %2
LrEZLND.
RIFFEDRERN S, AR THRE LomK by 7L
NOVEREEEZICIEZ, SBWAY— FTELOICLER
KEFHOHREZMEHFTL N -2 72 FTHL 012,
MEBEENEZED, 2T, Sry=ryr7x1a/3I—
EMETEDL L) AEBEEO N —= 0 72 FEHT S
CLIZEoT, EHLHBENMENEEINL LEZ
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