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HEEC EEBRICH T 5UEHOMELL NIV EFRERED & ORBE

W B, RE B, 2ARRKEP, B EAY hE BR
RE R, BH BE, XE FB

HEEIVI A -y -2 H-HaEsT,. ThA5kE (NIRS) 2k h g Shi- ks
BEANEIOE LIS 7O Y [oxy(Hb+Mb)] 1, HBEHBEL L IICETT 2, 2L T, 20
ETRICRTBRLREERE > SHESNLABET > F- Y AICHNST 2HEERLBEENEMET
B 2L 0IMERS Y FHFBDLNRTVSE, KBFEOHMIZ. ZOMEEAL >~ F Doxy (Hb+Mb)
LRV EEGHABRER)) (REREENELBRANRE LoBBRERITIZLTHE, BREC
BI2BORELBFEHV:, SHEATERIL 1 5HI2307 v Fo#EEDS > 7EREIC L VESHE
BECERL . EBPoRERE, —HLRERES L CEARIZABIFASIERICL Y breath
by breath# THlE E#7z. NIRSIZ X » TH S Boxy (Hb+Mb) IZEAOHMFHELEZRL TS,
ZZT, MAROLBEEZWTRRICT 5729, oxy(Hb+Mb) % il f1 47 EEY i 0 REHF O F39 1 % 100%.
EBRICER S N155 HoBRRMLBM T OREMEZ0% LT 2EFIRTE L, EBEEORIMIC
PEVy, oxy(Hb+Mb) IXEMMI LML ER L. Z0#%. HHllEcoRBEEMENMEsh-I L%
FIRY 5 88 zoxy (Hb+Mb) OETA, R2Z2OBREPIRICED LN, ZOMERL >~ MBI
%oxy (Hb+Mb) (%oxy@AP) DHEMEI10ZDFEHEIZT53+87% Th o720 %oxy@APIIEEHER
MBLAELZAOHBME (r=-0804. p<001) AH Y. T/, BAUBFETCOBREERELIEEL
HOMBIBME (r=-0935. p<001) H*H-7zc hHOMRIE. APICBIY 2HBEKLAVIEZLEHD
HRFKRNZ RS 2B TH L L 2RBT 5,

<F¥—-7U-F> HEREHE SMILLH. RREREFENE. RANEBRE. 5 7aHES

Relationships between aerobic capacities and muscle oxygenation level at vastus lateralis during
incremental cycle exercise

Isao KAMBAYASHI' , Noriteru MORITA?, Yujiro KANAKI® , Nobuhito ISHIMURA* , Tomonari NAKAMURA*
Eiji UCHIDA®, Hiromasa FUJII® , Hidekatsu TAKEDA®

Muscle oxygenated hemoglobin and oxygenated myoglobin [oxy (Hb+Mb) ] measured by near infrared
spectroscopy (NIRS)  in the vastus lateralis sharply decreased near the work and metabolic rate where significant
lactic acidosis was detected by excess carbon dioxide production, as work rate was increased during incremental
cycle exercise test. The aims of this study were to determine relationships between the level of oxy (Hb+Mb) where
this signal sharply decreased and general aerobic capacities [peak oxygen uptake (VO.peak) and ventilatory
threshold (VT) ]. Twelve healthy male subjects participated in the study. Work rate was increased in a ramp
pattemn (30 watt-min”)  until volitional fatigue. Breath by breath method was used to measure gas exchange with a
metabolic chart. Oxy(Ho+Mb) signals were expressed as percentage oxygenation relative to the overall change
fromtherest (100%6) to the minimum level (0%) obtained during 15-min ischemia after exercise. As work rate
was increased, oxy(Hb+Mb) began to decrease linearly. Afterwards, a sharp decrease, which the rate of muscle
tissue oxygen desaturation accelerated, was observed in 10 of the 12 subjects. Mean oxy(Hb+Mb) level at the
accelerated point (%60xy@AP) was 75.3 + 8.7 %. The %0xy@AP was significantly correlated with VO.peak  (r
=-0.804,p<0.01) and VO@VT (r=-0935,p <0.01) , respectively. These findings suggest that the level of
muscle oxygenation at AP reflects general aerobic capacities.

Key words: Muscle oxygenation, vastus lateralis, peak oxyen uptake, ventilatory threshold, ramp exercise

Bull.Sch.Hith.Sci. Sapporo Med.Univ. 7 : 63 (2004)
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SR, FERVMEEROMESDEE A VWISERASEE: (Near
infrared spectroscopy. BAFNIRS) ®B#EIZE b, BV
NNV COMBBTHRLIFERNIC, BEH - S50
EY B EAREL o7, #MEAREE VAR
CEEFHPICBY AEHGHOREHEIIOVTH. FLD
FEFLENTWE, LALLERES, ZohTEEHPOM,
EBEEEEE BT L CREREERIE (Peak oxygen uptake.
LT VO.peak) REEEMIEEREL Yo ROHAREE
BN L DBREBRE L- b0l Bd nee,

Belardinelli " 13 HEHE & X EHo EEHHHTH 25U
HOEFEIANETOE LI T 7u¥ Y [oxygenated
hemoglobin and oxygenated myoglobin. L Foxy(Hb+Mb)]
IEEREOHME L HICERLHITET L, BAHBE
(Ventilatory threshold. BIFVT) 805 E88ITKT$ 5
B 288 L. LT, Z0oxy(Hb+Mb) HETAHM
HEENBH (Accelerated point. BLFAP) LVTIZBITAS
BEENE B X USEERE L OMICIFFICEVIEOHBE
BEWRE LTS, FRREREDSILBERM L 0BT,
Grassib? X o Td L EINTWwW5B, LALLRDL, Zh
¥ CAPHIERRIC B1) Boxy (Hb+Mb) L XIVOEAEIZD
WTIIEETERTW A,

NIRSIZ & - T b Boxy (Hb+Mb) OEJREIZEAND
R LELTH L0, BREMOLBIZTE v,
ANEOREZTH AR RFEL LT, BIRMIAERIC X %
BRI + U T U — 3 YA B9800, Z hIZRHIR Y
=3I 7T v TEDoxy (Hb+Mb) %#100%. FHIN¥ v
Y7 U= a Yl BRHEAEZ0% L L Toxy (LIb+Mb) %
KT HETDHD, COHEZHWAI LT, APIIBITA
oxy (Hb+Mb) L ARNVOE S ZEARCHES 5 2 L 25]
L %5,

APHIOEFZAEFE L, SMBAEROITEIC X 51
TR TR EE O RN R pHOE T ASBohr bR (NE S T
Y VBEBSEEROAE) 575 L. BEROBEEANEM
FTHILTELBLEENTVS Y, XoT, AMEROIT
EFBECEIZEAPHROHBRELLVAVIE LD EEZ
b, BITHEICBWC BEMZEtEEhOBS L&
VAN BRI S 5 I LASRE S TB Y™,
APROBEEILL NV L& GMAREREN L OBICLE
ENHDHLIRETE 5.

Z 2 TABIZEIR. APEF®oxy (Hb+Mb) % :E&h#4 o il
FxYTL—Yavilk A5 —VTEL, £25H0HR
i (VOpeakEVT) LOBEEHET 2 L2 AR
L35,

I. 5 &

A. #FigE

KEEESRICHEL. BEENNEGZT-oTw5
RV TREI12E (FRm2ld4 = 2088, HEI1723 £ 63
cm. fREG63] % 41 kg) EMRICHEZTo 7. BEE
BT A EEERIIBBICH > T\ oS, HEESHE
FRHEELZHEDO FL—= Y JIZHVTWAEIRWE
Pot MEICELL. BRESBICEAHEOHM.

HEMZEMOREL B

B. XROBIE

1 ICEKBIEORIE ST P IV ER L. BREICE
BHAGHAD< A7, LBEROEEDS L UNIRSD 7
-7 ARG EICESE L. HEREXLVITX—%
— b TEB% TS (Bottom dead center) ¥ T &
B-RECTHH 2R S 3 0HoREZT L8, &
HEREBICEANTISHOY A —3I V7 - 7o 72T
b, 20, 1 5HEIC0WattBWINE TS ¥ 7
BEEZEFREE CERS S, R¥YY U TEEIZA b
o) — A2 bET0rpmEMERFT 5 L) ITHERL. &
Bl O EEIR T ¥ C RO LSS B HEARY AL
WX HICRE S E, EHFREIRI NIRRT ¥
FEEZHEETETWRWI L2 HAOBEFEENIC
JIBT U EERTH, YA 7B I UHEEBZIETLTH
BEZBTBE S, NIRSOTu—7EEMELY
AN IR I M GREEFETEME) %%
L7 HATHIE 2S£ 1. EHEED H8105H OB
%, IEMHEIZ500mHgDIE % 1 2 TR O BRI 57
ZRI153 RERT L7229, Ik OB, 5l1&HE S
SHEOEER % /T 72,

C. Oxy(Hb+Mb) DEIFE
HRAMUER Doxy (Hb+Mb) BLUEAETTOE Y

NIRS measurment

Gas measurement
3-min A £
S-min VEA l 15-min aterial occlusion S-min
rest exercise 10-min rest Tecovery
Start Exhaustion Cuffon Cuff off

Fig. 1 Experimental protocol in this study.
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BOBEZNA—VF V- av¥a—s— KIS
NIRS (2 v YHEHE0200) ZHWT{To7. 70
— TR ERBOEENR 3D DEHFEHL. i
FRIEIZ760nm & 84I0nmDFEEZ Fv iz, Tu— T
E#10~15emD MRS EIZEE L. 35 OBILES)
POREZ X > TFRY, T WEBMIEEEIhT
BEMZBMAE L2 IS, EHONV FEZHWT
BYLZETEEL. E56I12. 2oLy oMEHEDH 5T
—7TRE Lz, EHFORTICL 2E80ED 285
e, Tu—T7LERORICIIEHLZTIRATF v 78
7 v TEFA LIz NIRSOEHINIZ 7o Favz@ELT
0SB DR HHEETITV. 10 ERML L 7% F471C
L7

NIRSIZ & o T b Boxy (Hb+Mb) DfEIZEEAD
AR EZEL VDI 250, BIRMFERIC X
BRIMF ) TV — 3 59 12 & 5 Toxy (Hb+Mb)
ZEHE L 7z SRl FiEEE 3 SR OREEICBIT Soxy
(Hb+Mb) D3t %100%. 1557 O BEh Ik i 5 3 B v
B LNIREERZ0%L L. 8 5hizoxy (Hb+Mb) %
HXHE (%) TELE. K2i12£&7a b aHFdoxy
(Hb+Mb) DZE{LZRL7Z.

I R lWl Exercise [ R ischemia l R l

Oxy(Hb+Mb) (%)
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Fig. 3 A typical example in detection of the accelerated point
(AP) during incremental exercise. L1 (y = -6.53x + 11533, r
= -0.980) and L2 (y = -7.95x + 122.38, r = -0.964) show
regression line above and below the AP, respectively.

D. HRH AP

HEIFR T A HER (I MEFREEHEAE -280S)
ERHV TR HEBRT I TRESENE (T
VO). “ELREHE LTVCO) BiURAE
(LLFVE) %breath by breathZIZ X DHEL. Zhbd
DF—=IPLEBEYE (LLFVE/VO,). ZEbRFEY
B (WTFVE/VCO) BXUHA%H#HIE UFRER) %
HEHM L7z BoNT— %13 8 IHREICREF MRS
TV, EHIC1I0BBICHMTR L2 d o2 5tV 72,
VO.peakid -0 (BUFHR) #%180bpmbl . RERALI
P EZ#7: L7108 B OB EORAMEL Lz, FERA
ADSHT & FIRFICHR Z BB RS AEIC X V) sdkeayicie
L7

VTOHEIR., EEERE DI HHE L'C(DVE?)*‘#
FREGICHEIN S 5 BERE, @VE/VCOJb*Ef [ car ol VE/VOz
AHIMN BEAL B X TOVO.OMINCH LTVCO,0
¥naAs B W E 0 3 DDFEHE2 T 2 ZOKREHEG

Fig. 2 Change of oxy(Hb+Mb) signals during the experimental
protocol. R; rest, W; warm-up(unloaded cycling), Exercise;
incremental (ramp) exercise until volitional fatigue, ischemia;
arterial occlusion wht cuff inflation.

Oxy (Hb+Mb) ZEBHFOME & HITETL. &
FRBICESRICBREEBRRICELAD., EFRET
TETLEIZD T3, ZDoxy (Hb+Mb) OETDE
BIBWT, KTORIEEE2MICHENL - SE2APEL
THIY4 3 Soxy (Hb+Mb) (%oxygenation at AP. LLF
%oxy@AP) %K1z, FHIE 2 BOBRAICE HHRER
ICHE ENAPY DBIIZB VT, oxy (Hb+Mb) ASE
BT 585 % 1 RIERIC X > THMTEL. 2
DOEYREROZZEIZB T Boxy (Hb+Mb) % APEDEE
L Lz (B3). /2. APHHEROESRE
bHEM L, APRBOBINZHERT 50, #EE
1287 8 AICBWTRED BiRE - XEF) % 28RO
MERITT2EEME e, 2B, 1MHZTest 1. 2
[B1H % Test 2& L7z

CEHL. ZOFHMEVTE Lize 25, VIIHHELS
BRFHIE (VO, at VT, MFVO.@VT) THHiiL.
B DB b 3EH L7z

E. ¥EHOE

BoONLFERIFHE L EERE TR L. EHM
DFHEOREIZIWNIEDH 5 t BEZ V. F7-.
HBBROBREIIZE 7V Y REMHEMT 21772 &
BREIVWThoOBEL 5B T2 THEE L., Bk
IZOWTIE5%BX 1%L L7

oL & %

A. VO.peaks KUVT

#1 LvopeaktVTa)ﬁ%&&%‘éE h=12) OF
TR L7 VO.peak J:VO,(,VTu-air =088 (p <
001) DEDHBBMEAED b7z, VO.GVTIZRE X
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hRTV3—FEEA (232 £ 39 ml'kg’-min’) LHFA
HEEEE (493 = 57 ml-kg'-min') OFES ORICHEEL
TWwiz, ¥7:. VTOHEERIZ60 £ 09 minTh-o72,
FHRTETYIC BV B HRBENRT L MRS R T
NFN3175 = 321 Watt2637 + 6185, VO.peakHiBIEE
DHRERERIZI876 = 25 bpm& 146 + 005TH o720

B. 7’0 kb 0Doxy(Hb+Mb) DZE1L
E 2279 b andooxy (Hb+Mb) OB{LHZRL
72o ZRBICBWT—EZ2 R > Tizoxy (Hb+Mb) 1.
EARTOYF—IT - Ty X D#mML. Ao

Table 1. Peak oxygen uptake, ventilatory threshold and the
level of muscle oxygenation at the acceleralated point in
subjects.

VO.peak vo.@VT %oxy@AP
(ml-kg™-min®)  (ml-kg*-min®) (%)
n=12 n=12 n=10
mean 52.2 31.7 75.6
SD 56 5.1 8.2

Vozpeak; peak oxygen uptake, VOZ@VT; oxygen uptake at
ventilatory threshold; %oxy@AP; muscle oxygenation level
at the accelerated point.

65 - y = -0.51x + 90.24
1 =-0.804, p <0.01
o n=10
<60 P
g 55
ol
g
50 P
-g 45 F

40

50 60 70 80 90
%0xy@AP (%)

y =-0.54x + 71.89
o r=0.935,p <0.01
n=10

40

36

32

2 |

VO,@VT (ml-kg ' *min™)
8

20
50 60 70 80 90

%0oxy@AP (%)

Fig. 4 Relationships between the level of muscle oxygenation
at the accelerated point (%0xy@AP) and general aerobic
capacities. The upper and bottom panels show the relation
with peak oxygen uptake and oxygen uptake at ventilatory
threshold, respectively.

BEimott- TEEMICET Lianiz. ZL T Sk

PHESHBRICAPHEHEL -, APHHEE. oxy

(Hb+Mb) B EHICESMICET L. BREEREBRRIGE

T5H. Tt TEFEET CET LT 2EFA

bz, ABFETIZI2EY 2 BOBEREICB W Toxy

(Hb+Mb) IXHMMICIET L. APRHETS I L

AR A o7, U FIANEBELTENESUE VR
KCHARE LS RBD o o7z,

C. APOER4

APHBIOWIEZBHT 570, #EE#E12%H8 %
12 L CRERAIE S 2 BEERL 7z, BRFEEaMIE 2
BORETHE LI o7 (310 £ 146 vs. 3135 = 109
Watt)o APIZ 8 ZEBICBVWTHET A I ENTEL,
Test 18 & UTest 20 APHBIROEE BRI ZN TN
1438 = 122 Watt& 1411 * 118 WattTH V. WEDH
I2idr = 0984 (y =091 x + 1514, p <001) DIEDHE
B#ED bz,

D. 2514 EBTEEES & %oxy@APE DEHE

%0xy@API3634~842%DEHTH V). HREHTH
20% DB & AFRD iz, PHEIZOWTIIER 1 ITRL I
APOHHERERIZ49 = 13 min'Tho7zo B4 I2%o0xy
@APEVO,maxBLUVTE OMBEMEEEZ R LA,
VO.peak & ORI IEr = —0804 (p < 001) DEDAIBIEIR
2% FARICVO.@VTEOMIZbr = —0935 (p < 001) O
HADHBIRERI S Oz,

V. ® %

KB CHELN-ERLGERIE. Hll¥+Y 7L—Ya
VICFHE S N APROBERILL NV, T42bB%
oxy@APIZVO.peak s X U'VO,@VT & A 8 2 & OHBIRIE
WHokllThsd (H4). oI Lhb, K%k
ETdh 5 %oxy@APIZ £ HHOERERIET L BE L2 BT
HHIEPTREEND,

APHEH O EBZMEFEIZ >V TIE, ABOARIZES
REHET > F— Y ADBANE T 0¥ CEHREEHRIZBohrk)
BEH 0T ILILE-TELBEEN TV S, M
BN TOEEERIC L ) “EBLRE0BR4R L &
RIBA G Y oBAEEE, 2k - TS S h,
NEF OV BEFEMBIIABT 5o Stringer 5 133
BapsEyh, BigRkD S MAEZ ML M OEESE.
NEF UV VEREANE,. EREA T VEBE. pHBIU
FBEZHE L. ZoOER BRLPOBREFLER
EEED & Vslopek TR b /- B EZBRIEIET 5
FTIo. 274TorrA H212Torr N FEIE T LA L %
Bdlze LT, ERRERERBHEDERC BV CERREA
T oOEBLEERY. pHEANES OV YEBEBNEOEE



ZETEZHEL VS, ChHDERIE. NIRSIZE 5T
HE SN APHBOEBENERZZHT230TH 5,

Oxy (Hb+Mb) BEERNEBLHERDNT v A ZRTHK
BETH2Y, 20, APIZBohrZ RS M RO
BAICEBNIRS7U— T FOBIEANESOUE Y EROET
Lo THELZWRENEZE X SN, FBIFEICBVWTIE
FEANESRC B 2L OB MKRICOWTE
E§aILizcaiv, HHAFESKOHMAERICOV
THE L - RATiFE T, OEBEEE B> THEE
BNIEIS 5 L S ] 2. QVTRELETIZLAY
YTETFTHECIRET Db, ODBETIZAPHSBL
HMEROEE I 2. QOBAIIGMERY—EICR
NIMEANEZT O L OHMNZ D 25T ERI R 2B
L2 n, MR TOBRKAAES—ETdoxy (Hb+Mb) 7%
SBUCKETS AWMEEMEYDH 5. LA LEAH, APIZVTE
DL IAMCHBALTUEI LD S, QOEEL Lho
eEZHNh3,

HARTERRIC B 2AMAEROTE B E S h b5
WHEY A T LBBRT AL EX SN, EEFRREORMICEE
> THEJICEHR SN AMBMEOBFML. ZoiRI1x
STHMED SFTHRMEDMETE L 5%, F7=. Sale” IIVT®
BEZHZD L, FHICEOFTHMENBIHEShB L L
TW5, FTRHHMEITSTHRMEICILE: L THMIME 0 FEREAs
K< EBmEORBICEN. FRHRILBBKERENST
MHED 3EOBMELRT I LAMEERTWEY, F7-,
FTHAEISTRMEL VI b v FY 7&FRIA VW,
fREERCTHAER SN EIVE VB bar FY 7 CoflE
HEZ ERNWIHHBENICIBIERLEBD L L
b, 3 ba Y F) TEAERERIDLITIUTABAER OTEN
HEb. LoT. HilMEHRATTRMEEMETHLEIX
EHH, ABEROTEIR L EZ bh 5,

WEATEEC B 5 FEH OB ERESEE RSB
7" Tld, VT4 EOEREHEEEREOHT, SHE
BRI 83 5 Z LM ShTwa, FTRMEIGE
BEMCRKBEN T BROFPHESE LT VW L
P ENTB P, FTHRMEDME~ DB E A3 R R
MEDBWZIRET B LEX LD, EEEEDORMICPE
v, Fl—®#E Coxy (Hb+Mb) DFEE KT & ERE
SEOBEELEME V) BEBSHFBH LN TBEY, &
NooZ lh b, FTHREDES~OSHEIC X 55K
DIHENAPEZEL S8 5 LB EN, %oxy@APHE W
HIZESTHMEENBOHBMERRZALTVWBEELL
N Do VO.peak VT ASTHRME S A & 47 %2 E OB
BRICH B L EW]EL TV BETHE™ R oRHFL X
¥3aLEbhs,

BEITOLI A, HENR L APL OBIRERETL
THEIIRLS-6% v, LPALRAES, BErEH I
NIRSIZ & o Tl S 7zoxy (Hb+Mb) DETIZE$ 534
B3, R L A B HBERMRICH 5 T L RE XN
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Tv %, Hamaokab® 3R BEEE R EENIZ 1) 2 BEEG O
DBBREELEEIL. STRELFTRBEOATEEEE
AELCEOHBERICHAZLZED TS, F7-. ZHF
BB T b BIRMFERTIC X ) 4 Ui
HER, STRESEFEFRVHIEILEECI LIFRESHh
Twa", ThoDETHED L. EHPEIMICX>TD
726 Ehizoxy (Hb+Mb) DETIZE§ 5881, Sk
MR L FBELBRICDH D Z LR EN. 5. APICD
WTHELL AN ET S,

Belardinelli®" R°Grassi 5 ZHEEI VT X —% —%H
WoE AR B I B 2 SMIE S Doxy (Hb+Mb) @
ELZWEL, ZOBIHMES 5APE B2, — KT,
oxy (Hb+Mb) IIFMMIICET LT 22 L2BHTVS
g2 R, ABEOE Y — 2 HE LTV 5%
Db, AWETIXRBOBRETIORICAPEZHET 5
CTENTELD, 2BOEREIZBVToxy (Hb+Mb) i
EFPERNICETL, APRHETAZLIITE 2o
7o BRI CTHY 5T BEHARERF—TId 2w
DO, FFFFED EDINHFEEDENE 72 5FERIC
DWTIRP LTI RV AR TAPI D S 2h o7z
2B0¥BEOEMERIEESRoORESEL 70X )
YPU—RF—ThY. HiES 4 THMOBARE B
LTEDSTIHRMERTH S LERENL, TDOIEH. AP
DHEZHERDDIZL 7205 Lz,

V. #®# &

BizEE XE8)IC X 2 Wi EIEs) (5 7EaMNE) %
1202 B ICESREF CEE XS, MIULBON
BEREE [oxy (Hb+Mb)] #3EHRIM5EE (NIRS) 12X
S>THE L. F72. EEHHP, breath by breathiElZ & D
RANRF— 5 & BRI RRAL. REREINE
(VOpeak) LKEBME (VT) ZHlE L7, #EARE
Brp, 128910812 BV THRAITIFE Tty ShTwv boxy
(Hb+Mb) DETHIET S (AP) dEEHbh,. AP%:
ZHfFDoxy (Hb+Mb) #100%. B T105&IC T
22155 HORMIMF ¥ ) 7L —3 a vl E o h - RikfES
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LGB (VOpeak VT) L OBREREIL
720 BRIILLTOBEY TH S,

1) %oxy@APIE753 = 87 %Tdh V). BEHHIH20 %
DEAENBD LN,

2) VOpeakii522 + 56 ml-kg'-min’, VO.@VTI3317 +
51 ml-kg" minTdh - 720

3) %oxy@AP ¥ VO,peaklZidr =—0804 (p < 001). VO,
@VTIZidr =—0935 (p < 001) :W§FhIAELEOH
BIBRAE H iz,

DEo#RX Y, Bll¥+Y 7V— 3 YI2 X o T
SNT-APHBIRIC BT 2HBEILL XV oIz L& 5D
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