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Changes in skeletal muscle oxygenation during intermittent exercise

Koji Kato?, Shohei Ohnishi?

The purpose of this study was to investigate the changes of oxygenation in working skeletal muscle during intermittent
exercise. Six healthy subjects repeated 30 bouts of intermittent cycle exercise with a work: recovery ratio of 15s: 10s. The
exercise workloads were 90% and 100%. of maximal oxygen uptake (VOzmaX). Changes in oxygenation in the vastus later-
alis muscle were monitored using near-infrared spectroscopy (NIRS). Muscle oxygenation levels showed the pattern of that
the decrease during every work period and the increase during recovery. From the onset of exercise at each workload,
muscle oxygenation levels declined and then reached the minimum during the 2nd work period. However there was no
difference between the two intensities. After the 25th pedalling a dynamic steady state for muscle oxygenation level was
observed. The mean values of muscle oxygenation during last six work periods were 61.8+7.3% (mean=SD) and 54.8+
11.2% at 90% and 100%, respectively. While the values for recovery periods were 79.91+8.6% and 72.7+15.0%, respectively.
The values for both periods at 100%V02max were lower (p<{0.05). These data indicate a consequence of the interaction
between work and recovery period, and it can be considered that the NIRS curve presented here is a typical change in
muscle oxygenation during intermittent exercise.
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BENR 2 ORYN S, BRI OBRERNE
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DR A 58 & OB & KSR Z 8 0 K R AEE N THD, MEREERGEGRZE > TENT 5 ENRE
2l HoND, EbhbnidbohLoRboniza ETNTW5S (Poole et al. 1992, Knight et al. 1992), 1HE)
DIFEZZTT 2HE, REGNEZREBELUED SRS E i COBRENEER, Mk 3BEBERIERE 5L
EHTHEHBINCERERITO> L0 b, (EELKREEZRIK BEFFAGEIZ KL TR, EIHAOBREMREE
BORLITY AME O DI WEFETFEEKILENS & EBICTHRIGEH D/ T =V AFRRET SHEER
TERHSTWD, TOXDICHIRIGES) AL T ETE HAFThs, TNETEIFICHITIHMAEERR, B
BETHLNZMDTERENEZLEDTHD, AADENK B Ris £ 2 2 W7E (Jorfeldt and Wahren 1971) ¥ %
* BB IR AR E SR ST 24 1) Assistant Professor, Institute of Physical Education, Keio University

o EERBKZE RV EZNE Y 2 — 8% 2) Professor, Sports Medicine Research Center, Keio University

_7_



TETFHMEENTE R, LALENRD, TOHEKIIEIE
T, FEfifaNEEEH» S XA F 3y J B ORE
CEERATERVE WS HIID S D, FRAEBIROE
BB 2BEBEEICOVTIERZELMIE>TW
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=T, ME, RN IE (NIRS, Near infrared
spectroscopy) BBEFEE N, HIHABRAOBERO M &1
BONRT Y ARIEREINCAET 522 EHAJBEIC -
Teo TORER, EHFRIEOH B HEEFRBICHT A2NE
oy (Hb) &34 7oy (Mb) OBREERER
FALZEDOT, 443y 7EHHO Hb+Mb O
#ib, WEBERCOREZEFRNICHET S LENTES
(Chance et al. 1992), THh TO NIRS Z BV 72HFET
13, EEEELEEEIC Y 2 HEBAOBEEREIC OV
ToO#ET (Chance et al. 1992, A< 1992, Belardinelli et
al. 1995, Hamaoka et al. 1996, Homma et al. 1996) »'%
IEENTVAD, BRIESFOBEREED/ (X —
VICHET AR HE 0 ENTHE ST, Christmass
et al. (19992, 1999b) IC LB MENALNLEETH 5,
Z T CAMETE, NIRSZHWT, ThETHRE S
Tt o Te R R Bl R o 1 PN e 2R Bl RE 72 AR B Y 1 HIE
L, Z2OZEEBEOHB L HBDONS VA 6RET
3B E LT, aBlIXEERE, EFHHBIT
WEEORE &% ORI, EENADIEEAROKE X,
REHONE GERRENTTRRED) & ERLTE
REBATV2OEBOEABTDENEZLND D,
ARZE T AR — V5 THREICH BN 3 R e
DOEEIEA L REEIN 5 75 2 HRAER ZID LiF B &
U7,
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1. HEBRE -

WERE L, ERCBTAREE6H (18~22K) Tho
2o WEREOHER XUHRERZFNEN, 169.9+3.6cm,
638--52kg CHME + EHERR) Th o 7e,
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Brbic, RERICHELBEGEET VI A — 42—
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HERE X HERE FT 3 oMORE R E-> Ikic, BER
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NEDBBLUHZE) S v 7 2§35 L58RLE, 25
fFeoflEix, WEedxd s s AU EST, 720
EZE D XL Uiz, WTNOERICBWTS, #ER
F 13 EERBAR24BERA DL AT B B L W B ATEED 2 R,
AIAEZZIR 0 (Al U R RIS I BIE 2 R0 L 72,
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R E S5 DR B RN CHIESEE (F Lo
Vi, IHREENV T o R T = X — HE0-200) ZH
WTHIE U7z BIEESLIZARBEEIMALT TH - 120
COEBOTO— 713 760nm H X U 840nm D 2K E
DEFRIAEFIET % 2 DOFMFEL & 1 DDA
RLTHD, REBRTHEALZTa— TR &2
RIDEEEED 3 cm Tdh o7z, Patterson et al. (1989) I &
UL, EFRIDCOFEREA O TR ILOGR & 2 R
BEORKIH DI DT, REBRCTOFREEIIRFTRELD
¥1bcm ThHo e L HEETND, O~ T EBHER
FOHERFEMEREERRD (FRES BLOH 11~
13cm) IKEE LT, HIKF0O LA OHMENY RTH
BTl Ta—TDOXLEFNE, JlEER, &%
FRIF A 5 30081 D R R FLEERE 7 REE TiERE L THINORE
He~eroey /4 7nvy @EHRELNLV) 0%
fbZ2eeR LT, ERIERRIEIEOZ b E T2 — T/l
BT, HEEEOKRESRER 05WICREL, EE)
HZ150M, AEEI0ME O FEEz ThThERL
720

FRAETHBLNBEELNIVOEB ZHEMET
S % 7z i, BRMFtERETHE (Chance et al. 1992,
Hamaoka et al. 1996) % W TEIE L7z, BEHE T4,
R ORIE ST & 0 UL DO KBEH IR KR~ >
v rw MEEE, 250mmHg FEE THE L TRIESRM O
MR L, BELLSNVNLANY VT FTICES E
T o oo AR TRIMFERFICE S NzBRIEL AN
WOREMER 0 %, RFRFOL~NVEI0% EEERLT
ST BT LT LTz,
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MO tIE R Az, RefifRiEIc > FilgRib L v o
FERIZ TR E DN X AT ETT - 12, #HR
W ERER S AR EEKEL LTRA L,
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B 11290% VO,max 35 & U 100% VOsmax O & T8 E
TRIREE #1757z & ZDMNMUEFIC B 2= L
~NVOEEER Uz, K2 BXUK 3 ICIXBERVER O
EHH KB OBELL )VDEHE ST TEL,
PIEORR, BXRVESFOHEETEE, EIHiE
TURERIC RS 238 — 2R LT,
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L, 100% VOsmax T & 5[5 H LA 3 —FIc o
770 90% VO,max OEEIE, W20tz ) mh
LHETIZIF—E Lo, WEHH2EEED 530 B %
TOMENLL VDT, 90% VO;max ¥ & BF100%
VOymax DZIRETEN TN 79.9186%, 72.7150%
THY, MEMTEERENIRD LN (K5),

= =

/REVES) Al C OEBFEBRE L LREOZEKICH
BNB LI, HIHEKRBHNEWICEEZRIELD
WIENSEBFSEEER L, FOEEZNBMERT
EEZ BN TWS (Christensen et al. 1960, Saltin et al.
1976), AL TH L NI RILEBIR O BT E S I
B BBRALL VI, EEFG, O 2EHRT T,
HEHEICET L, KB LH T 5/32— 2Rl (W
1), Saltin et al. (1976) DE L 7z IR FLES)H O B
FEMEBOIGE/AZ— 2 EHELL Tz, ABZE T,
BRI NHBIEHFROREN 5, BRIV
IR TR U ERER, 2ffe U TIRAI BRT
ZIEBRGD, (EE &R D EEE I DV TG E
A 7z,

1. EERRER ORI

1 EHOEEICBEL L NVERE 2EAE F 2R
Ufzo ¥ (1993) &, —EAM CRERAYIC HinELEE)
ZiTHhE T, BRI HBRIEL NV O2ais
ETFHAHONBCEZEL TV BN, AL TERE
iz 1 EE OEBHA T OBELL NV ORBEE T

MOERLHDBI LN TES, TbLEHGBE S
KEE S EMEFZRICH LT, EEFITH 2L T
OREFEDIREED (O extraction) HEMLIZT & &,
HEFH TH AN O MM T2 5 IRETH > e fedic,
BREENMEaERE ERI-o e bR it kdb DL
E% 5N %, 7z Hampson and Piantadoshi (1988) 0
WEEBEICT R L, SEADERTERNEIOLVE
DELZRFER L TORWD, 2548 & &5RE TOES)
Tholefedd, NHY) 2 THREOFFIGRC 5 BRRIEE
(mechanical compression) 4 U T, i\ O Mk % i)
RLUTWEATREM G H %, DEVEEH TOBEREFER
DML, BRI DOFRADN 77 THRLRAEB N
DVTWEN ST EDHELNEHBIENTES,

2. EEFHRSR OB RENRE

SEEIH 2 FIBICREE L LNV RREIGE L1, &
HHATORTEREBIATO ERZRORLEN L2k E
UTIRRAZICHEINL 72, BRI NEBELLNIVOR
{EfE (38E90% VOsmax T 27.1+11.2%, 100% VO;max
T269+11.1%) &, STiTH5% (Haga 1998, Bae et al.
1996) THEIN TV AHIEER DT Y TR X 5 &
KEHFEOZNLIENTHLMICEN o, TDT &
X, EGRETEENRBEING L, EHYEL 5 RS
IS 1) B BERAE LIEB DN Y AN K b K E A
N, BEHREBENBAICX O KELYT N 5k
WNBHBERRBL TS, Lz - CRIRHGES T
LRFREDIZEIC I, BRICLANVOREMENZNIEFE
RIERRT LIZEZBNZV, F I EREEREO”X
FEENTE, FFHPOBRRERRITTOENSEK
HIRE M BALIC /TN (Astrand et al. 1960b, McCartney
et al. 1986, Cheetham et al. 1986), #Z CIEHNIA Y
0 EERREEIIC BE R RE 2RIz L s hTwn
5, DEODBIA IO E L TEZ ONTEEE
NEEEHORIETAIC b N, T OREERRIAREH
RS TREE N, ROESHICHERN AR & %
. LTzho TR T EHIIHCERELI A Juey
NEE LRI ZEASNS, LA LAEMNSE NIRS T
ENETOE Y eI AT 0y ORI D T
FL TV aedFnNTnEo8 L CHIET % T LIER
AJRETH > 7z, F 7z Chance et al. (1992) *® Wilson et
al. (1989) &, NIRSIK XA HEEEICANET L VD
BleeRBLIEEDTHS L LTED, AEBROEEH

W OBRMHBICI A Tne RN EnZUEEL, B



BRLIEMC DV TIRER T E R,

2 BIHDEOEESE CEBRLL VN T EEIEZEXR
ERETZRE G >l —RIC, EEZROEIERICE
EERIANOME sk U, Bims & U TRtz
BREEZ LD > TWB, REFEICBVTE,
DIMFRIER OBV ER OFEBHHIC K T, BEMEIEM
W EEo A6 E, FOEFICERS L L0Z D
BEBODVATRERIRBIC A > TVWBED TR EVESS
Do DEOEEMZIEICK D, FUHED 2o OIS
DEREN, I haY RY 7 TOBEOIRTED HMETF
L, BRMEAEHEI L 72 REE CROEEFHZ T H %
TVWREEZBRTENTED, TOEHEAREDEDIR
UDWVRA IR E RIS S/ ER, EBlic L5/
FEBEN 1 EEFEERE ez LEZ C 2o
72D TIE T VD,

REEOBEEL L VI, 100% VO;max DEft Tl
EENIE 5 BIELIETIRIE EICED, 90% VOzmax T
IIHEE L7218, BEIIZIE—E Lok (M3), Th
FERBREMEVE D, BRGEF OB FICBNTEAK
BHATOREMERFI BT EZREBLTVS, £k,
AREHOBELLRVD—EICZ>Tend T e, 1k
BHCHETEALNVOERICELZEEZSZC LD
TELD, HEEFHICNT 2REHOBERLL ALV FR
X, 3EEZVWLAREBEOHREHEZY -2 L LT ERD
BB LTz, EEHAIC B AL L NIVOETO
BlEANER L, REHOEEDEELERT 205 T
L%, HEEE L AREH ORI LV OED, K&
K& BIWERAICH L, BRIELNIVDIRIENVNE
BBERERLTVS, CHMAERITOBELLLAN
IHBRWEBET—EICE>TWAT b, REMIKS
JBEENETBIC A5 —)T, EEEIREDKEICE
LAV, EHHOMEFEICT ZMEMBIRLICH
FEINDDOHBT LR, HHEBTOBIEORIHMEND
THTOENOEE > TWBAEEEND 5,
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3. EFBRFOHERIE

RA/RHSEEN S OBEE(L L ~ULi, SEEH, (KB e
LZNZNRIE—E Lo, THIEEOESE CRE
FERIBICT 2BREED LO2EE&MRIE—EI A S
Lo, REHICBW TRBERBIBENEY R
BZESEIFIE B Ao T L EEKRT 5, £2EH
25 B A 5300 B & TOMBEEL L )V OFEHEE,
100% VOymax THEICEM > 72, T DREEIE, BER

BREESRE LF L L IKERT S L0 Jor-
feldt and Wahren (1971) OFIR & —%d %, & 5I1CHE
FELRNVOETRFICBI ABBEEE LR % L&
26N 5D, 90%VOmax &100% VOymax THEE(L
LANWICERH LN T LI, MREROBENEICE
MEUIET & ZH#HERIE ¥ %, Christmass et al. (1999b)
&, ETREOMRIGESRICHBREANE /o VEE
WKEAFIVT « RTT 40« ATA MRBRENBT A
WEL TV, H5 DRSNS & I3EFKRN, SREE
BRUEHA CRBHAORMR EDETRERSZH, A
FIC BV TERE S NI ERWHEEIR OB RE T
5OWME L FREAER o 7. DLEORERIK, B
HEEOEHIRRED & 5 HIBFIRROELE U I KR R
BEHFCBVWTLERENSAREEZRTEDTHZ, T
D& S ICERIGES TI1E, EE L AREERKIET %8ET
MERIEERRD ) A% 5D b 5 HhOE)E MR
KBNTBZ2TWEEICEDNE, 8 LTDEAF
VY RATT 4 ATA BRI D XS IEHOM
IRIEGEBNZ B, —ED) XLDE LIES L RE R
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THEZ3ENFEEIN, SEBE SIS HE
BN S,
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ARFGE T, SRR R O R R A B o o SIS
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BIEL, ZOEBICOWTEEOHKR EBWBEDNT VA
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BRAE30E I8 Uiz, BFEREIZI0% VOymax &
100% VO.max @ 2 &£ TH - 12, BENTHERIZLLT
DD TH B, WVWTNOEHFREIC BN T L FHBRERE
EFHAICETL, KRB ER$ 282~V ER LT,
TN RER BB O DEECC B RBEE O E /2 —
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