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Abstract:

Purpose: This study investigated the effects of low-intensity running exercise combined with blood flow restriction (RE-BFR)
on muscle tissue oxygen saturation and hormone responses in athletes. Methods: Twenty endurance-trained male athletes were
pair-matched by VO.max and training history, and randomly assigned to either: (1) running exercise (50% HRR, 3 min x 5 sets, 1
min rest interval) with BFR (occlusion pressure: 153.8 mmHg) group (RE-BFR), or (2) running exercise (50% HRR) only group
(RE). Results: RE-BFR group elicited significantly greater decreases in tissue oxygenation index (79.3% vs. 93.4% TOI, p <.05),
and increases in heart rate (160.8 vs. 141.5 bpm, p <.05) as well as RPE (15.8 vs. 9.5, p <.05) than RE group during exercise. RE-
BFR elicited significant higher in blood lactate (5.3 vs. 1.4 mmol/L, p < .05) than RE group after exercise. Moreover, RE-BFR
elicited significant increases in cortisol concentration (p < .05) at 15 min post-exercise, but not in testosterone concentration.
Conclusion: low-intensity running exercise combined with blood flow restriction results in increases in thigh muscle hypoxia and

metabolic stress. However it did not present any beneficial effects on anabolic hormone response in endurance athletes.

Keywords: blood lactate; testosterone; cortisol; tissue oxygenation index
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1. HERR

#E8)) (running exercise, RE) & ECREBUER) S H RAVES 5= - HAY A3 ORERE - (eErGEzZEd - 10k
ROmERREREER (1,2) - AR EGH R - Fr@Era fEs) > IFEAGERTHE ~ S5REMEEI (high intensity
interval training, HIIT) B§{T > HAzm MERIETHOMIIEE ~ BIERARNEME - EaleEmaEHREA 3-5) - HEEEN

» g RN 5 EACHYIRI R (R HERL RS SRR SEEEIE - A I BRI B T4 fRE AT IR R B S - 24
SUEBNRESTEET TR AT RERE ] (6-8) » 2810 - MBERIMIFE TR & v A B 1R 5 % B iR (cortisol) Y53 - BHINIHI 2 EI R
(testosterone) HYFREFES - HEIMIF(REENRESEIISKIEM (9-11) - FE - S5EHEIEISRATER AR 100% R AR E

(VOsmax) KB - BN —RIRR - EEREREN AN S - 1A —CHIEEIZHER - it - #Ed &8

RFfE] ~ (ESR R FAESh IR 7 U HE O FTIRERY SR ~ HILIAER B B9 & R F BRI A4 AR 4R BRI T Bk
L[ RR LR RER -

PR EA S EhES S MURFR A (blood flow restriction, BFR) EAIANIEFEE T8 (=AHL &) SORER (FEREH
BBl ) P THVIES) > B H AR Sato FTEEHH » AR B KAATSU 34k (12, 13) - SepifIbFFe B8RRI 115 £ 8
EhEE SRR S EBHRFEE R - MALEL (blood lactate, BLa) RFRHIGELHLELE (phosphocreatine) T~ ki
S e > AR E ATREE JT 1T B IV SEEHE - M- H4CEE Y] (neural drive) BLZEEHERrAYIASE » Ho o {lom A EE 4
BURIRHIFTES S HIH B E (electromyogram) B BA 7 e Bl s i ot A BAR L > e Ik b AR S far A 5 SR AL AL ~
B RS T AR E F AV b - A EEEE T (14-17) » BEA1 > (RSRMEIH T E SN S MORIRS] - nI B R R Ty
/NBHLAHA S BN B pH (- AR EEN & EM LIRSS QA RMRMSERRYS B ElNESEN S
FPERT (18-20) » ZAif - AR MU IRAGIAERBHAYBITE 2 Bibka I g g S N ADEE) S B > E A S EENES S IR IRG 5
HHVE SRR AR E - 5 - Al ~ RSRREA SE B SRR > QAL EETH i IR T Lt S FE B R L R
SR MMETTEEERFIARIEFEA] > AU EERE DR - EREl RESRIAE S BV REMER > BRI
EARLIRTRGR - BRI INERTSR

HERIL > AWIFEHATE T SREUR LD EEh 4 & MR PR i B o S s Ty B B S B G B A
WE TR A% B HLI B RIR(21) - ZR0M - HRA R P ERAVE TS - AEESNEE S MR IR S 3 i A
) SRS RS - Wie R A CH BT E LM S E - Z55AF% - Wit > AP EE - BRETRIR
JERE A S A IR R AN ) 2L 2 8 R IR L A AH R A BRI ~ SEERREL R BRI > Se fUEs B e T M2t
{EAISREY 22 (/5 -
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2. ik
2.1 WgEse

AWFEAESE 20 HRE BN DAES) 5 - BEAERHKT REHR 21.6 £2.2 5% > B 177.6+6.8 1277 » #8EH 69.0+6.1
T LTI TR 7.0 £ 2.0 5 F AR E 62.3 + 5.1 ml/kg/min > Yr#EIER 121.6 + 5.0 mmHg - ZEEG AL © (1)
R 18 sk AV EE R - HEA 3 LU Ol 3 ehekss (T REEET - NI T BHIRET ) Q) RABEE

> 55 mlkg/min : (3) MEFEESIMEE (ZHAFMEE >130/80 mmHg)  /CafIVE 55 RAMERR T 5L » AT 8B 2 B AT A 207

JifaiZ REFEXKES - FrAYSE SN eRAEES SRR | HERRHE > 288 - £ EAERIERZH
HEEE - 4T 6 (AN FEESNGECH - WHERIRELER LS - SREREEHE -

2.2 Bl
AU B oR A B i B & U R B 0 AU E) SR LA SR A AN - SEEIEL BRI E - 24 2H
RSB ZlE  RPER T 2R EEEES B EEINEHEER )  BECHS S BE R IRER I RER -
RE L% - FFEWARTR 20 226l E  (REBRARE B SIGERICE 2H % © (1) P ESESMIRRAEE (RE-
BFR;n=10) : (2) g EEhmMRIRAILE (RE; n=10) - =BT 2ol & S eSS slEs) ol OpbR - EEH
E#RA(H (rating of perceived exertion, RPE) EfJ| ASHERE NI - FEREDEBIAT ~ EENERFH I ALNE - AT - HFh
1% 15 oy §E 24 /NRFAC 5% 52 [T B R B IR I - S — - AHFZE B R B /i - 8:00 i 12:00 - Wi 25

ERIEE SRR 48 /N R e I S ) -

23 HEHE
2.3.1 Kb

P et R T 15 ) SRR S - BB B EIRR R f S0%RE LB (heart rate reserve, HRR) » Bob I /7t
By 3 SRS - AHRIRE 1 08 ~ S5 4 (7, 21) > FXHIES B E NS (COS10198, h/p/cosmos, Germany)
ESERL - AFIZERE OB (HRR) SR SRR ARAR MBI - H 0B (maximal heart rate, HRmax) #7

HNE—ZHF LR -

2.3.2 [t PR
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I3 PR A1) o P RS+ (CK-113, Spirit, Taiwan) $EFCAMERHS (67.5 cm x 14.2 cm) BIRFEZPLNBRARRE - DIEEEDAL B2 5
HEERARE L4 (REROERGEEREL) » IIEEFZ R Ry B UUEIER (systolic blood pressure, SBP) “AR{EFELL 1.3 5 » LEIEE
T2 P P BT SO% BB MR & » /D38 SR P RO E b (22, 23) - BV IEBhAS S IURIRHI4E - ARy SR 4
TRAETRBRINEE > HIBARZSE A 153.8 6.6 mmHg - 4EfNEERERT £y 19.5 + 0.2 738 - GXIURIRHIEER S HE—HEAEH

1T HHIFZ NSRS (intra-class correlation coefficient, ICC) £ .86 -

2.33 \EEHEE
KFEPIEAEER 18 > D285 ES5EST (Jenix DS-102, Dong Sang Jenix Co., Ltd., South Korea) HIEFTH~Z
AE G = AR E - DIBURE 4 B B85t (HEM-7000-C1, OMRON healthcare Co., Ltd., Japan) JHI & 5254 & 1 ER

HERTeZAAE 15 3Ll b - A0ECsk 2 TOAERYP(E -

234 AEEE

AFFELL Vmax gEE (T 4% (Vmax29, SensorMedics Corporation, USA) D& M0 14 (C0OS10198, h/p/cosmos,
Germany) Eid Bruce protocol - St s2ad & 17 /g s UEENES - Db KRS B Ba O OBEREIE - AREEH)
TERREATT > 2/ DA 2 AR - A i B EZEIRAREE (7) (1) HEEBREI - SMEE S OPERARE I © (2) RPE

RIR 17 3 (3) DBk ARY 90%E A LBERTEANE - STHATUR + 22044 © (4) MPRACHAARRRY 1.1 -

2.3.5 HLAAHERE BRI

ARHZE LLITAT MR EtE# (near-infrared spectroscopy, NIRS; PortaLite, Artinis Medical Systems, The Netherlands) » Sl &
2l E A RIS MAHL — BIL A SRR BRI - IELIAHSRSE 955 (tissue oxygenation index, TOI) o « TOI GHRARE © &
&4l (oxyhemoglobin) + #8472 (total hemoglobin) x 100% - & ExHAR] NIRS & eSHEEUEZRE By 50Hz » [i§1% LA 10Hz
B H B - S 2A Oxysoft ##G (Artinis Medical Systems) #ETTEHIR T (24) © A el B R HP EBHDNE 10 Jr884
FRE G P B AR NAH SR BRI TE < ABHIELLALEHE TOI {E Bt (100%TOl) - b B ARy TOI

BIEPRLLZAHE TR EAVBER 23 (25) -

2.3.6 fafpH=S
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AHFFELMEE e /A7 (chemiluminescence immunoassay) =¥ {57 & S2 [ BRI S DA SR e R T S 1 o7
7% (chemiluminescence microparticle immunoassay) =FAh 7B REERE o« FFRAVERIMAFE A5 | 8:00~10:00 525k » A FHE&
FEEHAT R S E IR IE R F I ATARARIL > SERIEY 6ml > MUREREERT 24 /NFR o] ETTRIZES) ~ SRS Bk »
AI—MFELG 8 /NFFLL ERYZE & o MURGERERHF G Rt b S BT ~ HEBR 15 Jysil 24 /NEF » ATFE L 2R E S G EE Ky

B BIME R EetE (100%) - A ENRATH I SZEURIR DAZAFE - BT BIE 23R -

2.3.7 MAM
KiFZE LM AL M (Lactate Pro™, KDK Corporation, Japan) Eifn A figst4t (Lactate Pro™ Test Strip) 7325 E

B MM AL BRI - R PRI EIRL AR B BLE SN 1% 3 473 -

2.3.8 LBCRBLUEE H B R
AEFFELLLBEEEE (Polar RS800CX, Polar Electro Oy, Finland) Eii##fE & &% (RPE; 6~20 point scale) » 4:f240 §%7 4

BRI A R BRIy B I A L PR BUE B 5 5825 R -

2.4 st

KA IHE R - DL SPSS 17.0 &iat E 5 AR A 4ET T DA N AvET o34 - FTiSAVEdE & LR (M) Rt
(SD) fRimuititsat - DUEIIEA t e 2l B R A G B EHa - DURESET N T ERE 0 - FRALA
SHARABRIE ~ MALRE - SEEIFHEL A E ARSI » B F SRS /KAERT - L Bonferroni #E{ TSR EEHE Y
T o AWTFE B AKHE > By a=.05

3 B
3.1 EHBLALR
RE-BFR 41511 RE 412325 BTV ALE) 5 » 10\ HHLEES © R BRI A R S HE L - AL P B s 2

H (p>.05) > WNFE—-

3.2 M SR
RE-BFR 4HE% RE 4HHYRE2P S 58 B () 50%HRR AYFHBIERE - RIEbpE20 S W4 2 M =5 (p > .05) - 24
ifi » RE-BFR 4H7F 20 3R BN HART A T RRRIMUR IR > [N IE RE-BFR M0 BkREL RPE S E S RE 41 (p<.05) » 41— -

14
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3.3 WLAAHER A BRI
b SR TOI EXC A (FRZERTE (p<.05) > TR EER T - ERFHIAT-J7H > RE-BFR HAVEIS i#HH)
S TOI {E - B (R ESN AT ZEA#E (p<.05) - RN - FEAHAIA T J51H - RE-BFR 40K TOI {H » BrEAE{KAFY RE 4 (i

AR EHAR] - F =95.98—19.92, p<.05 ; 4HfE(REHAM - F=8.63—6.22,p<.05) - #I[E— -

3.4 [mAFE
D EF R AN GAEF 2% (p<.05) » TR FEEURMT - FERFREIN 7 /5 1H > RE-BFR 4081 RE 4H /Y #H S
BN FRE RS S REE S FEFRT (p<.05) < WAh » 4B HE - EH{Z S > RE-BFR 4HEHE &> RE 40 (F=46.61,

p<.05) {E= -

3.5 SE[H{EH
BT BN 1% SRS A O E IR ERE (p > .05) » HE(T EZRERIT > BN T =R (p > .05) - &I T- R

G225 (p>.05) > AfEY -

3.6 [ER
b SN & SUE RS O A F RS (p<.05) » TR EFZRER I - AERFRIN T T SR E 2252 (p>.05) - BE5)
FESHIN 51 > RE-BFR &HAVIESN(Z 15 ri# NARZRE#E Sk RE 4 (F=5.24,p <.05) > 4ETL °

4. BtEm

A FesE BTN ESR A E Bh4E S IURFRS (RE-BFR) W] BEZE R /I AL & B B AL A SH SRS BRI - (e A5
A FEELCEHTER ) - aEEN AR LBk S B8 B RESET - DUREE & AL R - [HYh - RE-BFR HEZHSE
TN - ZEE) AL BB SR TR Y A sE R ZR . B B RRH R EEN 1% 24 /N REI S -

FEREZS A B58 M T - RE-BFR B RE 4H &t ) S0%(REE. LBk iy M R0 R e T B B AL R 4H VB 2R (9.8
vs. 9.7 km/hr) $EEEE 75 4R RE-BFR 400056 (160.8 vs. 141.5 bpm) & RPE (15.8 vs. 9.5) 54 Hil 7 JEREE =1 RE

4 - HRBHAIB TR E RS B E BN A S IR R - (e ARG AEE S MEAY AT RERSH B » MR PR S Z0F AR MR B A T -
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o7 5 Lo AT S (e L o BB D DRIEE ARERE b QB B BRFR T  A VB AR DAERF IR Ay ISP RE BT R (15, 28,
26) - I1EHh - PEHT 13,000 F37 s E VAR TR RMRGR A SU/IH T E &S SRR F - #ERRETR H T & A e Eh Y
ALAERAER S Fs (B 5 RAYEITER B > IBEEERALAY 2 T Hif 13% ~ EEf iRk 1.3% ~ KR 0.3% ~AFAkiLf 0.06%
BRI ARRIE 0.008%%F (12, 27) » [Nt » FEMIARFRFHRIE R | e RIRs BBt e sk A 2l i AR B RO - A 1A

BHEAREL - EILENF1EES) - Wk T ZEHIIEEE -

HS—RAVE - AWTFUE H AT — R a T RoR P S Eh4S & A PR A 7 AL B T A H AR SR B A Y 22 -
JeRTHIMRPRFIFHEBANTFE - EREEAEH I ESh T iRaEt - 40 Takada 5F (2012) SREHUHIFERUREGREEH =SS &
IR PR - o] B (T p B R BB T/ IBAH AR A BB B - SRS 4ETT - B RSN pH {EBLRIEALMORE T
b A R A AR A TE S - AR EAE RBUG R K582 RE-BFR 405 [ERRRAHS A SR 8 MG 825 -
HHECHER] RE-BFR 4Hsf38eH AR A a0 T -5 EREP R e e R AR 0L At BN & M A MR E AT T RENER -
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R 1. ZHEEAT S E 8

IEH RE-BFR RE p B
T () 21.50 +2.20 21.63+2.13 90
ge (A7) 175.03 + 6.77 180.10 + 6.72 11
BEE (A7) 66.31 +4.42 71.65 +7.87 .08
AT FIENER (45D 7.13+2.36 6.88 +1.64 78
BAREEE (ml/kg/min) 64.25 +4.71 60.32 +5.41 12
ZEFIHEIMEE (mmHg) 118.45 +5.05 124.75 + 4.89 14
REEIIERFZE (mmHg) 153.75 + 6.56 — _
BALBER (bpm) 197.20 + 6.78 204.75 +7.80 .06
ZERLEER (bpm) 66.10 + 6.81 66.50 = 5.86 86
253 (km/hr) 9.81+0.71 9.56 +0.82 47
LR (bpm) 160.75 + 12.42* 141.50 + 4.69 01
RPE 15.75 + 2.25* 9.50 +1.85 01

¥ RE-BFR (n=10) : RE (n=10) :

21

bpm = beats per minute (ZX/53§#) : *p <.05 FREIH 2 HREER -



