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Abstract

BACKGROUND: Blood flow restriction (also known as pressure training) combined with low-intensity resistance training has been proved to promote muscle
adaptation in different populations. However, it is unclear about how this training method affects the muscle fitness and related mechanism of subjects,
because of the different methods.

OBJECTIVE: To review the application and possible mechanism of blood flow restriction combined with low-intensity resistance training in promoting muscle
hypertrophy and muscle strength growth, so as to provide some useful references for sports science researchers, coaches and athletes in future research or
training practice.
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METHODS: Relevant literatures were searched in Web of Science, Index Medicus, EMBASE, CNKI and other databases, with “blood flow restriction training,
pressure training, resistance training, training volume, training frequency, interval time, muscle fitness, muscle hypertrophy, low intensity training, muscle
metabolism” as keywords in English and Chinese, respectively. The search deadline was March 1, 2021. According to the inclusion and exclusion criteria, 63
typical literatures were finally obtained.

RESULTS AND CONCLUSION: Blood flow restriction training can cause tissue hypoxia and pH decrease in the process of exercise, promote the secretion of growth
hormone and mTOR pathway activation, increase the muscle synthesis, and improve the effect of lateral migration. It can not only improve the muscle fitness of the
compression part, but also enhance the muscle strength and cross-sectional area of the non-compression muscle group, and avoid the risk of injury caused by high-
intensity resistance training. There is a dose matching effect of exercise prescription in the effect of blood flow restriction training, that is, the matching between
the degree of blood flow restriction (50-250 mmhg) and low-intensity resistance (20%-50%1RM). The best training effect can be obtained by considering the width
of pressure band, pressure position, training amount, frequency and interval time. Low-intensity resistance training prescription may be a better alternative training
method for the elderly or the injured rehabilitation population including athletes. However, there is a lack of research on this aspect as yet. To conclude, low-
intensity resistance training (20%-50%1RM) combined with blood flow restriction can promote muscle hypertrophy and increase muscle strength, and the effect

is similar to that of high-intensity resistance training. However, for subjects of different ages and different physical fitness levels, especially for those with physical
defects, more data from further studies are needed to clarify the training effect and possible risks of low-intensity resistance training.

Key words: blood flow restriction; low-intensity resistance; muscle fitness; physiological benefits; pressure training; training volume; training frequency; interval
time; muscle hypertrophy; muscle metabolism
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MR” FEEITE, 5% E KA 20%-40%1RM, JE 775 H
JE 144-230 mmHg. 34T = w940 (A48 15-30 5k, ZA194K 8 30-
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W, BREBAA NG ESGTERER, £E2E£—LER
JE I %7 @ACR I R OO, @ AR Y| AR S A
223t 8-16 Bl ) AR F N %5 (R =K/ A ), BAREFht .
ZFAM IRM. K /. FH LA LA BT & AR B LA
A @EMAREXETE, KM ‘FHRERTFREM
H+A(R)mE” W%, ERENE “FiRESGEEAMA)
Yo+ ARG FRAT FAT BRI hu I Fe 1L fe K 64 2L R Y,
{248 AR AL L PP “O5%1RM+ A (K ) e R | LAe
“50%1RM+ A (&) AmEDI%” , D%etiE 4 B, 3./ . &
R34, BREIN, AMmEINAGHERNE, 1IRM B R KIK
WAERE ST RMmEN e My, H “S0%LIRM+ Aa/E> | %My
R ESE ST “25%IRM+ fn/E” D% elr. @K ik
PR SR 38 Ao 55 (Sokk ) AL 55 38 4k 5 5% B AP 4R 2R
AL, 42 “Hn)E + FHIREILIL D) kbR F IR E LAY %4 E
A, BAZ% 6 BEEI, LA A ERFZR L4,
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K

F2 | MRRFIZESRE DGR R IABER I E 2

W PUEA 2575 50 RS
ABE % © 16 fifgf  BFRT, LRT; 160-240 mmHg, 20%1RM; 3K 2 K, 2 Ji: IRESAIMEAAG M,  BR b ge CSAL B =3k MEPUSk. B KWV &, BFRTM, LRT>; K
(2006) Bk 34115 F, IR: 30s 1RM: 4% N, BREE%E#H IRM: BFRTA, LRT<>; IGF-1: BFRT &
[, 2 FER#E D IRT&
MAMMUCARI 2 P9 11 fi{# ¢ BFRT §7. J5fll; 160-220 mmHg, 20%1RM; %K 2 %k, &1 /8. XU & DU Sk CSAT3.5%; L P & 14.8%; K Jiik i [8] CSA 13.1%; MVCM17%:;
(2007) S A, 12630, FF34115°F, IR: 30s 1RMM18%; CK. W&, AN % 66
PATTERSON 24 2 16 fiiffFf  BFRT, LRT, MROT, MRT; 25%1RM, 50%1RM; J& Zj {£, 3 41 RTF, 1RM: A &4 L JE, 50%1RM > 25%1RM; MVC. 25 3# Jj%i:. MROT >
(2010) otk IR: 1 min, 55— RKING T RERE: 34, 13, 9; a1 XIIZFH  BFRT > MRT > LRT
REE: 92, 33, 21, 110mmHg, &H 3K, K4 . HE
KARABULUT %5 ) 37 BI#:f#  BFRT, HRT; BFRT(205 mmHg+20%1RM). HRT(80%1RM); 45 & 3 ¥k, 6 &l ( I W% N, —SkWLES 25, J§ 426, 1RM: BFRT>HRT; L7448 /5 45 -
(2010) HEEEN e W TR 8 B2 TSV RE FREIE: BEEHHERE . BR 200 <; BEIHERS . M8 1RM: BFRT> HRT; JR UL 2% 5 45 L:
g ); BFRT( &Rf Lf2h1E 3 4 8 ; A NaNE 14430 7, F 2 HRT>BFRT BHERS: M AISCE EorLh: 4 <
4115 F); IR: 1min; HRT(&EFh3N1E 3 418 F, IR: 1min)
YASUDA 24 1421 40 JBPEft  HRT, BFRT, CB-PT, CON; BFRT: 30%1RM. 100-160 mmHg; HRT: 1RM: [& CON, JL {1 #0 1; 1RM & 48 7 4> Lb: HRT, CB-PT > BFRT,
(2011) FEZAEN 75%1RM;  4F f& 3k, Jy 6 J&: EbHE: HRT: 34110 K, IR: 2.0- CON; MVC: HRT, CB-PT/, BFRT. CON¢>; MVC i 4% 7 4% Lt: HRT,
3.0 min. BFRT: 14130 F, {34115 F, IR: 30s. CB-PT: 4§ =¥k CB-PT>BFRT. CON; fiz =3k, KL CSA: B CON, A4l s KL,
FIRTPI AT, BFRT, J5—IKHAT HRT =< CSA 448 Fi 4y Lb: HRT>BFRT, CB-PT, CON
PARK 2% 159 16 fufg i  BFRT, LRT; 160-220 mmHg, 20%1RM; f§ H 2 3%, 1 J8: XU FE, 1 CSA, 1RM: BFRT>LRT; MVC, CK, [I4ifi/r# 6. NLEA <
(2015) Bt 430 F, 34115 F, IR: 30s
Kim 4 & 9fiZ N, £ 4EBFRT, 4F % BFRT, £ 4F HRT; 7 B FH J1 Il 45, 25%1RM K 320 MVC & 1, 3 AT CSA B 1, L rha24F BFRT> 24E HRT; Z4E4
(2017) 8 firtEE N S0%IRM, 441, 307Kk /4; 4 Ak ML B E <>, MAEARA M. U248 A AT AR5 2 K A I 2R 1) g 52
TR i A et AL A A 35
HILL 25 30 fufdHE  BFRT, LRT, CON; Z55#NI%%, 754 [ WIS RAEE 120 ()/ sl 2 J &% 4 JA#E  BFRT &5 LRT i) O HLAR R S5 K ATLAE 5 B 3% T CON, {H BFRT 7£ [ Lo 41 A 1)
(2020) HAE ATAI SR L S T RT 41, SRS RN IAR L. [ %%
R, DHEELES
RODRIGUES %5 ¥ 25 fiiff#f  CBFRT 4l (20%1RM, 180 mmHg, % 4% /Il /& ). BFRT 41 (20%1RM,  CBFRT, BFRT J% LRT 7ERE — kLWL AE K (MH). ZhZ&SHL7T (DMS), 25K
(2019) HE 180 mmHg). LRT(20%1RM, JCli/k ): 4 IRERYIZ, #E 2%, L6 WJs (IMS)3 4[] «>; CBFRT, BFRT 7E/mHBLAIM /7 (LME) &3 & T LRT

ik BFRT Yl PR + KSR L I UIZRAL; MROT At IR + s BB IIZRAL; LRT Sl B 04, OT 9 s diihn I ZRAL; HRT Jy i s SR /s 41; MRT Dy s taich

SJERH J2H; CB-PT JyHfitifit ARl + F i i B2 + ARARPERE I 2k CON N2 CK( WIBRHAAR ); EIZHIA 3R 6( 140N 3% 6); CSA(LABAITTAR );

RS ) RTFOREERES ), “17 “©” “U7 2R BTt AR

1 mmHg=0.133 kPa

3 | IRRFILEARENDVGMKEIB R AR EEE

MVC( Fek B 4 ); IR( 4L

iviey

ROES

ISy

WA R

TAKARADA %
(2002)
TAKARADA % 1471
(2004)

SUMIDE % 4
(2009)

ABE % 1)
(2010)

YASUDA 4 181
(2014)
YASUDA % 91
(2015)

YASUDA % €01
(2016)
LETIERI 4% ©
(2018)

17 44 Sk 0y

18 4 B85 i

21 o fd e 3 1k

19 for i 3 fid e 55 1

BFRT, LRT; 196 mmHg, 50%1RM; 2 ¥t/ &, 8 J&: XU
J&, 4 41 RTF(16 7% ), IR: 30s

OT, LRT, BFRT; 218 mmHg, 20%1RM; 2 ik / Ji, 8 Jil;
SUBAHE, 5 21 RTF(17 %), IR: 1min

JEJE. 50 mmHg. 150 mmHg. 250 mmHg; 20%1RM; 3 I/
Ji, 8 F; faME. WERATHI. AME, & LA (S ESERES s,
K 55)

TNH . JCH; 160-210 mmHg 52 VO,,,40% 31X/, 8 J4;
BEIESZEN 25 D044 VR 15 min,  JE 41457k 40 min

19 N BFRT, CON; BFRT $Zjifi 20%-30%1RM, 120-270 mmHg; {HifiF
FERIZEZ, 24d/ 4, 12 J; IR: 30s

17 fEAEN BFRT, CON; 4L i i dk AT M frufey 8 45 il A =Sk UL
[ Nizzh, 441, FREK 75K, 2d/ i, 12 F, BFRT [}
JBnJE (120-270 mmhg)

30 e tE AN BFRT, HRT, CON; 160-240 mmHg, 20%1RM; | B i EE 5,

56 i L EFEN

2d/ A, 3512 8; IR: 30s

HROT, BFRT, HRI, LRI, CON; 16 J& [ /7 Il &, 180 mmHg
J% 100 mmHg, HROT J% BFRTizzhib /7 /v 3, 44, 15KEE
(20%-30% f] 1RM), TR: 30s, ZOfEA FRE. JERE. IR
Jl&; HRI: 70%-80% (¥ 1RM, 3, 4 416-8 X T, TR: 60s;
CON H it

ey SR RV 73 (S AR R, B K JI%E ): BFRT>LRT, CON;
CSA: BFRT

CSA: BFRT/M10.3%, LRT. OT ¢>; MVC. %53 fJl /7 (30, 60, 180 i ):
BFRTM, LRT, OT¢>; ffi i J¥: BFRTMN9.2%, LRT/ 3.1%. OT 12.8%;
GH: BFRT>LRT, OT

CSA. ZEELJ) (60 J5 ) B AIA N3 : 180 FE: BRCEA, AR N WA
JfET R 50, 150 mmHg 41 1, 250 mmHg 41 &

DR 4L KR P g K N CSA KR 13.4%. DY Sk M.6%. LA
B (BEE 13.8%. MUk N5.1%; LIE4L: <5 BE MvC: sl
N7.7%. ToIR4 M1.4%; [ MvCce

BFRT 4 I JB UL CSA i U Sk JUL (18.0%) « P ISLIVL (16.5%) AR KL (14.4%)
JRAHFIRE E 1-RM 78 (1M26.1% F1 133.4%)CON&>

BFRT 4 CSA Ji JE L (1M17.6%) R (117.4%), JE fisf Fl i fiT MVC 53531
4 7.8% F1 16.1%; il CON&>

BFRT ZH /I VU Sk L CSA(16.9%) I 5615 i B MVC(113.7%), {H HRI A1
CON&>

HROT, BFRT, HRI 7= A5 M il 4% 58 UL J5 46 (45 1M27.2%. 1M15.75% Al
M3.81%). ( /£ 25.2%1. 118.95% #1 130.39%): 72 47 W Jw i, (45
36.7% M. 22.79%1 1 34.97% ). (/£ 35.8% 4. 24.93% 1 Fl 26.14% 1)

ik BFRT Yyt BR ) + {3522 B I R4

SR BT AR B 1 mmHg=0.133 kPa

3 i Discussion

3.1 DUEARNEBERE 251 ARIA BIR Y A8 A o f

MO R S 04 3, BB AL 4 ARA B 45w s
AE FAE A 3pH) ( RAEL ) LR AR F iR, R, SRED %
ERBF AR (Fl B RE. FRKE. SUERIEF HE
RENGE ), D] % RA B GakiE £ % —Fr it
HBHREE. RMAMAEZMABNEELR R oH, Fiib
FOMFIE. VGG &R B L% % 2R,
4o AR 5R )| 4R BP RS L B LA BE K BCR . ILEF B B I %4 e

MROT J it PR + s BERH 7 254 HROT S i PR ] + w9 BEREL 73 I R4 OT g sl Mt PR A 4 LRT g S A IR ot 2 L 7 )l R
MRT JyBairp i BH 720 HRT= A BB D IIZRA: MVC iRk H 0 4e; CSA ALAREITEIRL: RM NI RR SZIREL: IR WZH I PR B RTF J9 )i 52 28 3 3

L N

FRE M AR 18] Bp T A BB Sh AL A, AR AT L F A AV R E
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FeAZ A A 4

FAOXT /B3 Ao b SR A R, B )| BT 5 AE 40| AR B 4%
LAIF A, EN%GesFaE, W% ERA RN
TRAE 64 T A T ELAS 5T A8 89 RIS HEFR 50, D 4R B A% A Ao /R 47 Ao
JEF LM A TGRS, A0 R A RS R ) i AT A At
k. i
Pk 3R AN A e Bk R A s 40 B Ao kA A9 K. R AT R
JE A AR AR F 1S, A BEAT S IR An R R BT, B A
FRIBHN LN EERM, FHA

ARG BILRAREE RS E, L b Hrain/ER{LE)

B A B9 IE B RLAE,
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32 NEMSANEEBERFERMNME #Z%5ExE 10 £ X ik
PR 2509 2L KB 42 RAT T 2@, 455 3ihde 7 BEat.
43 3030 2 b K AR I ST R B A S RE, B4
i PR ) D 2 TR A D) 4R R R 649 51 AT 5B JE A 20%-30%1RM, X
5L EiEFHEFAGEBAL (T0%IRM A L) B B4&, UL 4%
GREE A RIK, BAR B, BANL L2455 T TEid bk
LB ILBE AT R . RCBERT. SEnTie R b K, du AR 4
WHAEXAT LR R ERNEZRA, BAHIA AR KD
T R Fa B ) 44 AL P AP RR P20, LA BR R A B AU T AT IE
IR F R, Mo Bk P e IL ARG A ARSI A P
R FAL )| ZhA ik p B SR BLEA A9 LA PRI %, BPAE AR IR
TR G, APIKEG LR BB 6 BALLFARIF —&ET R, X
TR R 4G LA A B ARE KRR MALILA B E B R
KEGFBE, LR BEERKZILA @I Keg 3847, @it ik
A A LR JE KAZ 5 84 kR 2 — BT 4,

I A AR B 2R 3T FR AL D Gh A B A, R 4 45
EARTR AT DD A AERR 5 ([ R e ILLF 4, X T8t L i
R ILBAE R, BEHELT, KR hsE SRR
H 4,75 5% M ) )| 46 T LA LR A F—5 B %, 5T
VAR ] o AR ) 2R RS AEAR 1T BRI LET 4, o 11 B e 4 LA 42 5T 4%
R R A Zhif L LA S K R AR 69 R B 2 — ", Az 2hi))
HADKRIDF 0 BB RIGA BER TR FEILR e R L,
A2 FFR B D 45 B TIRSR A B 4505, eIt L e X,
BAILALE DI ARG FEERBE, LRERAEGEH—F
B, AFZAT I A PR D A BOR A, RARRAG AN %, &
RIRH DN ARG AN EHEBN RS 5 H35 PP, Wik, h
AR D Zhat i B AR LA 3G KRR AR —2, X THRZ T
YR NG E BN G FARGARTF 69 £ 75| 2269, bR
Bl Grxt AP 2 E F AR M, BRI GRS e A L
RAERILE, BT RKIAE I, AA3TALA 423G e, ik
b B A LR AR K LR, RKAIA G hn, {aAast LA 2054
W ST, o PR D SRR R A AR R IE KL, H LA 3 e
AR IUR JE R R4, B FRAFAT 238 FL a2, BRIl 4 F
B KR 64 3T % B R A KK
3.3 ZEEARISIRME AN 4 T A S RERAE, ok
TR H LT #EAT I 4 R ik A0S A de ik i d MRt L g0 A
Bldm, AT RRIAER . RESF#. RREEFHH XA AR & E
TR D DN &, TR AW T —R RRRM: KT,
FRAL R d, AR, Hikdis, A E. BEIURRE. B
Ao b PR Bql, B 30 B ik s sk R Rk L ER T £
I, Rk PV R TR AE L A AR 0T, b TR A Ak,
Tt o Ae AR, LA . EHHEH BRI FANEE S5 @5
P i A ) AR R

HAT AR D D A, AR H R, B, B
BRF D BRI XA, mERRE R R hh
RE, A RE KA mER (4 11.5cm 2 5.0 cm), LIk
R A AR AT T MU E R A /A, JE A 50 mmHg
Tt E, 1ERREFELBETRNEBIEH R, 2LNEFY
239.4 mmHg T T A BB d ik, W% 4 LA w/EA 3L 500 mmHg 17
Tk P Sh Bkt ik B, B B 0t & L5 64 A0 R A FTAE R R A
PR 6 R I ) Fols . D SRAT 6 R AL 2, vl A R B0 B Bk
Ao AR T8GR A AR 6 e R R T KR SHIEE, 4RA
I, A 2 A 2 o AR D SR A0 R A i E Ae K 17%-20% F fE R A
FEL B Am R 3R 45 2h kod i BV, Bk, RORa fn AR D R A
TR H PR A R EVARSARE P, B gAML ES

Ko MASR E Ao Kok m L, RA XA oA R PR D] ShiX — 37
SE S %o Ko £ m 6Tk,

34 i O REHTERFRBPI%, AR AGEDE
RIS A AR E S RME S, MERUAZG SR, HHT
RHRKMKL S, IRM B ALAM B @A, Hitiks] 5 84 55%
JETR A g ARDL G SR, @ TR B R R 84 B JE ) — k35
#| £ 50-250 mmHg, L PF3EEL e 5% E A 20%-50%1RM, 4t
3t RE| AR, Ao/EJEHBALILIRE R GE LRI TRA, HF
ReRAFAL Rk, BT B | My & 5 5 XA R B A7,
@ SFIR A D S BT 5 & A LU 44 =T B MU —ARTE S B,
QI KT A ML 423k, AKRE 50638 . mTOR %
BREN, ZEEQKBBRZIE. BORERSWHAT. @
JRF RS 5 423t 42,

3.5 RFEVERIWN Ofaifrks)dl %5z &k R H R S K E T
AT AT . fik. V2 AGRAAAEFERGE,; Ik
WA hFATA LB T, STFEGHidRdE R A5
A, AL EAEAE A A AR Sy by T A AR A 2 AR % B
E#h, AR EE BRI R B &, ol ki
Yoo Ao B R E A AKE E, A AR %R M B %
HMBHRKA. Qs T8 R AA KL FBAREE, A AFRH +
1RIREFLIL” | 2 R ZARG LA 38 m 532 5 LA F6g 844k
HHr R, Rin, 2454 GhH 548 S A H mEN%GFR
MRS, BXEALTFAERRTNE, Bk, EERAZT R,
TR F) B ) 5% B 6 A E Ak £ 5 BT AR R AR 2UE,
O FRA| D %48 A B UL JE R ZCR, MU LRGN % e
B BE B, Mt R BT A BB ShAEL, e Rk A ZE N,
FAART A BRI HRRRE, RARARE LS F R E
Fe o 5 4% o] S ABBEAE A, M /= A SR ARIE Zh LA,

BUs: R OLIFTEF IR B8 AR R IR RIF 0 TR E T &, Bl
FREHS AR IR T AR LK, AR LG ERE—IA 56985,

TEE T LERbE A NFX, MR AR ES & AL kI L F iR
. RRAAFELHTFR.

BEIHE: ZXFELT “BE O AAFEAE (31360254)” 49K, 2RFT
HAEK U, %% LB Yoh LS Ao st B SR AL R Gt oA AL
JRiE.,

FEHZE: FAAERATXEARLALA RS R,

SRR : AR S (A RGEFREESHIREIL) (PRISMA &8 ).

NEEE: LFLRTCLTF LRI LR ALHEITIREE.

XEIE: XFLDRATIT ERRFF, RATPOAH LFFSHFIL
BEE.

BRI : LFERAT A O AL BERASRE T AL £ .

FEHGRENERR: 12 — B AR IE, BB (iRt ZF TR “F 8 -
FEF LML - AR F XL F 407 £, ASEINANEALT, AFRALIER
Atk B9 T RIXA TR, AR &, RNAKER P AE. TR HN.
frid, ATPP. Ak R AR, FAZET L], ARSI R
BT AR AR,
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