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Abstract

BACKGROUND: Blood flow restriction training, as an emerging training method, can effectively increase muscle cross-sectional area and improve muscular
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function, providing a new way for sports intervention of dyskinesia. However, there are many controversies in the field from mechanism to application.
OBJECTIVE: To explore the current research hotspots and main contents in the application of blood flow restriction training, and to provide new ideas and

directions for future research and development in this field.

METHODS: A total of 441 articles regarding blood flow restriction training published from 2009 to 2019 were retrieved from the Web of Science Core Collection
database for a visual analysis using CiteSpace 5.6.R3. Based on key literatures, the analysis was performed by integration of mapping and data.

RESULTS AND CONCLUSION: The research on blood flow restriction training has been on an upward trend since the 21st century, mainly published by the
United States, Japan and their institutions with more achievements and higher influence. The development of the research theme has gradually changed

from the impact on local tissues and organs to the impact on body functions, from the training and application in general populations to intervention therapy
in special populations. Hot keywords are blood flow restriction, strength, skeletal muscle, muscle hypertrophy, growth hormone, and adaptation; its research
hotspots mainly include different physiological adaptation mechanisms, training methods that influence variables, rehabilitation for people with dyskinesia,
effects on cardiovascular function, etc. Low-intensity blood flow restriction training as an effective exercise intervention is mainly used in the clinical treatment
and rehabilitation of musculoskeletal, cardiovascular, metabolic, and neurological diseases. Future research can focus on long-term exercise benefits,
physiological adaptation mechanisms, application effects in different populations, and safety of training methods.
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0 5|= Introduction

% [Hiz 51 % 4> (American College of Sports Medicine,
ACSM) Ji S [H P& 25T 2007 fEFL R iz ) /& R I (Exercise
Is Medicine, EIM) {gFE(EHETH , 12 2 3 Ak e 20 8 X
T FE YT B M TR A AT 78 4 ENE EIM SRS,
BENT LR ERHN E ARG, TS 3T ) e fE g 2
—HUSkRI# G, A E, TS5 2Es)FEE R EER
W, XFFARGE BMNR BRSNS, KT 532
PR vk A 6 ) i R ] 3= 37 30 e 7k T 44 R AN [R) 2
REFERT @, HHEAIEH 84 d MEMNARIZIHLA /) A] 6 R
40%, JILPZES 17%".

1175 PR 1 1l 2% (blood flow restriction training, BFRT) iz
01 25 BB A AR A S dE AT A1 DA R R KRR, DA 20%
(K] 1> K HL R IREY (repetition maximum,  RM) (1 6 i 24741
PHIZ B A A 2 GE LI Th g . SR m AT S R 245 ),
HARBCT A& 48 1 I SR A Aar sl N 30 4 AU A HL &) T332,
NI T Hhfe g AR — it e 7.

AR, [ N AMIT TR S MRt BRI 2R B T R
FER S AR FH AN 7 A R R AT LR R R AR
RBHESEM KRR, FERDFI R ITEAREEZ BN E
FRFR, BT AR R G AE . BT R S AR
BESE T B A e L BIF 0 T i BRI SR AR K
NAEB RS BEUMATAS T, Kt, SCFIZH CiteSpace
BAF AT FR BB T AL A AT, B R e AR DG Ak 1 3
FTER. Y. 8. B, #1510k BT a1
W A OCHE, AR AT SRR, BRI R AR
@, R ERTEEN R, DURBEAR R, NIRA
FF R SUIREH NG IR TAER 2235 e T X it s,

1 &A% Data and Methods

1.1 FRROR EE T 2020 4F 2 HAG R, I [A]#5 5 2009 4F
#2019 45 A% R HUHE P O Web of Science 1% 0 & 4R, E 5
N SCI-EXPANDED; #f& & #F 0%: & & 3: (TS=( “blood flow
restrict*” training OR KAATSU training OR “vascular occlusion”

training)) AND iE Ffi. (English) AND 3 ik 25 %. (Article OR
Review), FL/5 30k 442 55 .

1.2 AR AL 7 &

121w mZER R HURRA LR S 5 HS% G,
A, S CiteSpace 5.6.R3 Hff, STHRALFAIFR 1 5%
SCHRIESRAS BAEMSCHIRE, 19 441 550k B E SHT X
4% 2009 #2019 4, 4rfI0y “27 Ao A RIE SR JEER
AL, AR TRE N Top20 AT R, EIUHE B I8 IR
IR 1E T-48 (Pathfinder). 1EET] A M 4% (Pruning sliced net-
works). BEI-E /%% (Pruning the merged network); #1&m
A BRI 3% £ 50 25 SR HE AL IR (Cluster View-Static) 12 7x & JF
2% (Show Merged Network),

1.2.2 TR A RNERE K. Y. SR, ARMEILIL
YR, RS 1 R T A I s R B B SRR
e gl EE, Mg BRI SRS 51 0, w5 | SCERIE SRR
YT, AT R EE . DA EARYEAS RS A A B B A R RE,
BT ER AR ERE, IS g s .

1.2.3 fRPRAEEE UK (frequency) 97 s I IREL, ik
SR ] S Bl 2RI TR R, A ST R SRR
ILEAA, AT S Bt Bt 7t s 0 FE (Sigma B ) LR
A O PR R A, O S AU AN A
] ORFIR AL, A “ARAL” PER, RS S] ST R 4y
B o 5| ST RN S5 SE EE, BUEARR T s LA
NAEDY, BB A R A, AR AR AR R
ANZT R BRSOk (centrality), S B35 H i) OC 8 71

[10-11]
T

2 453 Results

21 RXEF  MFREIIIZR0T TR SRR 2GS - P A2 -
W LTS, LB 1, | 2009 4FIT 4 B K, 2010
% 2014 FEROCE RRGERBIRE, 2015 (EEA RPEE L
Tt AT 2 SR SRR BN, Ul B BR 1 I ZRAH SSRE S AN
W 52 222 H A TR EAL

22 FAHA F R 2R S Tk B R (246)
FiIA: 5925 (186)2 AN RIS, I B LR S S W20 AL
PR RRE AR Lo AR, IR WL 25 Rt B
BRRMK, IWIELHE AR, MLEESE, THREA
I, BRI LSRR, IR 0
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Figure 1 | The annual trend of publications regarding blood flow
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restriction training

Fz1 | MRRFINELE XEEF RS Topl0
Table 1 | Top 10 main disciplines involved in the literatures regarding
blood flow restriction training

W 2R ABIR %
Sport Science KE R 246 55.8
Physiology S 186 422
Medicine Research Experimental  JERli[ZE 6 5¢ 19 43
Rehabilitation EE¥ 18 4.1
Neurosciences UiEZy S 17 3.9
Geriatrics Gerontology SRS 11 2.5
Nutrition Dietetics i 10 2.3
Orthopedics BRI 9 2.0
Clinical Neurology TR 8 1.8
Biophysics W 6 1.4

ks BT HOR PR R — SCRRTT AEBE 20 2 Rk Bl 1 93, LI B3 T
441 B3R
TR, W T UL BB R . A4 1 A e 093 AR
P/ R T

23 HrRFrA A 5A

231 EZESHPMINT  SEELE MR G I 2R 7R SR
K182 B, HAK CE 615, {F(E5IME (Burst=12.98), 3%
YO BTG (81). WRICFIE (38). FEH (30). INEEK (25). FhE
(21) FEEE (15) 25, DAHA, HE. B2 fp S5 1 E
K EERZ, 10 E A A 2 5, B AFFREE
br oM . SEEL P, HAFE AR 4 FHF ML
FAb-FA S oA, TR AT AR Mm 77 « S [ 2 78 75 L oK 2% (49)
WA B2, OO SERiAT oK% (44) H AR 50 K% (33).
AR KA (25) A vy K5 (10), 17 M S A K R Sk
R, HIENMRE, F0E RN 042, WWE 2.

Univ Sao Paulo

BRAZIL caNADA

DENMARK
NEW ZEALAND
.ENGLAND
SERMANY .;@]TAPAN
(S : =
g__?’_l[liv sTokyo) it C@,l,JSA
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AUSTRALIAY
® @Univ Mississippi

El2 | B/ EEEXRERE

Figure 2 | Map of country/institution cooperation relationship
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2.3.2 {EEEREZMTIHT SUKHET 5 08k 51 /3% TAKARADA
Y(255 X ). LOENNEKE JP(246 {X ). ABE T(202 /X ). YASUDA
T(189 ¥/ ) A1 KARABULUT M(119 ¥R ), AAZHIF 5 A0 it 5 de A
#, BAEREZEARMAL. Sk, FOEHLETHTIA O
Appl Physiol) (401 &, 1.25), {Med Sci Sport Exer) (398 ¥k,
0.80), {EurJ Appl Physiol) (397 X, 0.72), {J Streng Cond
Res) (274), {ScandJ Med SciSport) (271 ¥k, 0.42), VL& 3,
FEONIE A 2 RAR B R AU e A &

" &) SPORT SCI
{GLIN PHYSIOL FUNCT |

"s) APPL PHYSIOL

SCAND"MED SCI SPOR
SPORTS MED

)PHYSIOL-LONDON

PLOS,ONEGMED SCI SPORT EXER
dNT J SPORTS MED

4EUR J APPL PHYSIOL
{EUR.J APPL PHYSIOL O

&) STRENGTH COND RES
JdNT J KAATSU TRAININ

3 | MRPREIVISE & SCHATI 244 5 | B3
Figure 3 | The co-citation map of journals regarding blood flow restriction
training

2.4 RALAZISHT  EHIKOSHE R A L BT (vascular oc-
clusion, 187 ¥k ). Ji& (strength, 182 ¥ ). ILifiFR#Hl (blood
flow restriction, 127 X ). ‘& #% Al (skeletal muscle, 97 ¥X ).
WLAE K (muscle hypertrophy, 90 X ); & HH 0 B 18] 9 AR KB
% (growth hormone, 1.14). Jj & (strength, 1.09). ‘& #% L
(skeletal muscle , 0.59). i& i (adaptation , 0.57). J i/ (response,,
0.45), UL.E 4. RF log-likelihood ratio £ 7% (LLR) i Hy 3% g i
197 N F R, WLE 5, BIHUE (Modularity Q)=0.69> 0.5,
RGN B3, PR EME (Mean Silhouette)=0.92> 0.7,
SR, SRR AR B, R O LER 2.

“WLAThie. AEKBER. DUEK” 292009 £ 2014 41
R RL,  “HUAEA SR 05 2011 £ 2016 R
B, WER 3, Ui MR PRI SR E B NUEES . DhRER 20
S H AR PR IE B 2 A TS DR OGN
AR R AR UL R DT TH : $Es sl R . i

gntensity resistance exercise
thypertrophy _resjstance exercise
@vascular occlusion

ggrowth hormone
resistance training
intensity,
astrength

iSkeletal muscle ©.
b {adaptation

gmuscle hypertrophy

<human skeletal muscle
Wblood flow restriction

° exercise

cresponse

tkaatsu
gnuscle .

4 | MFRPRHINISG & 3K SR IR EE
Figure 4 | Cooccurrence map of keywords regarding blood flow restriction
training
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Figure 5 | Cluster map of keywords regarding blood flow restriction
training

®2 | MIRMRENNGR LR BIRBENTR

Table 2 | Cluster analysis of keywords regarding blood flow restriction
training

A D FTREER

#0 LM AE . F0oE B AR V. MURTEAG Q. IR
FRIEAN T TR J A TR R A A i i 45

#1 JRFVENIZSE . JoR . MR IR I h s UL A R T AR A

#2 IENSR. g, BME. RE . M4 R FULE e, B

T 4 2%
#3 AR AR SR TEsh i, OiFERE. Mksh /5. JoE RS
aE

#a WMABRL MUAAEK ik, Bmen, 43, a3ms. 2.
WUBERIEE . J3HE A IR RS

#5 ARKEER. EWE ERER. R, RRSREKRE T 25, JULK.
WA RARIZ . SR E R AR FLBI ) 5 i A KL 55

#6 ORISR, WUAESY . MESEARSR . 7 . L0 55 e EE AR R 4 45

3 | MRRFINGELRMIAEER

Table 3 | Information on burst words regarding blood flow restriction
training

HRSCORERR] LSO 1A T 2009 7 2019 4

A K E Growth Hormone  8.1127 [—

ALK Muscle Hypertrophy 7.8874 —

WA T fE Muscular Function  10.2514 [RE——

J1&iII%:  Strength Training 3.8345 e —

&IV Hormonal Response 2.7762 —

LA Muscle 3.0807 —

HEA K Protein Synthesis  7.5854 (—

i 71 Endurance 4.4078 —

Wk Activation 5.0629 i
TR %5 Occlusion Training  5.0690 ———
R “um” AR A

AR 5577 W o X O Dhee. Mah 715, AR
REREM th A i T U s 22—, AR 2, BEE AT TT R )
AN R, LA PR A I 22 N AR LA L i I
P ACUIRERT (REIRE . BEME ). Sl 5 S .
2.5 LRG| 4T KA LR SHIEFK 0T, EE B (E
(Q)=0.73>0.5, RIKLHM 17 3E, FHREME (MS)=0.70,
BIRRAIME R . I AR, BT R/ NS AR
SRIEEG; AR HBRR, Ui B 5] SO [RlBRRE, 2 [F2E, b
Rl 5 CL T A B S BT A SR BV A5 GBS RIS R
gz 4. o B AR, g PR ) I 2R R B R OK B B
JLHA ZFIN ] (2007 SFRT ). RGERIEI ] (2008 % 2015 4F ),
A R ] (2016 AR5 ), WLE 6.

2018 s
£ 5.6.R3 (B4bit)
csT

o0 == #0 anterior cruciate ligament reconstruction

#1 blood flow restriction

Z o S #2 cardi function
b 2 e #3 chest muscle hypertrophy
@® —@—o Te #4 chronic testosterone response
(TS am SN #5 brachial artery vasodilation
} #6 perceptual response

#7 resistance exercises
#8 human muscle protein synthesis

#9 low-intensity resistance exercise

Bl AR Sk AR 5] SCH BR8], S0 7 I M 2% 2 A R B
RIHRZE Y [F) I JHHE 9T 3 R

6 | MFRBRHIIIZRSCHK L4 5| Bt a) 2k &

Figure 6 | Timeline for literature co-citation regarding blood flow
restriction training

F4 | HESI DRI

Table 4 | Co-citation analysis of key literatures

= gy Sk PO EENE

TAKARADA % ") 2004 14  0.67 AR AT TRV GRS 0 R A AR 5 &
WYL ThRE, Bt AN B A=
ML

TAKANO % 12 2005 31  0.49 AR A7 A I PR A1) 1 5 B i3 3 e
VLS MRS 32228 4, B O AR
95 IR 5L 187 T T i

FUJITA 25 @ 2007 60  1.10 R HH LA R ) 11 2 5 AR UL A I K T
TR LA 20 B o WL

RATAMESS 25 ® 2009 80  0.14 A HE LI R, A 3 414
5| AL ASE B

FRY 2% 14 2010 70 0.4 I 37 R A 1 2 i 2 N R R UL P 2
KR H AU o7 iL, $E AL
Al B 528 T A

KARABULUT % 2 2010 75 0.14 et LA 7 g 10 97 R 1) )1 255 4 G b B
YIRLE R NI TR (R

LAURENTINO % 1 2012 101  1.27 B M I 97 B A I L P A A R R
BTV L LEN L]

LOENNEKE % "9 2012 121 0.60 S BRI B P 2 T % el 9

W, R LA BRI T A
e

LA BRHN R T E ML 60 48, HIHAREEE IR
e, fRETE 21 S B ST 75 S0k AT R B R SR 0
VRBRFINZRIR BN AT WUIEI . O IS e B B 3 2R S i AR 4,
SRR TT. 2007 4F FUNITA 25 ™ 45 H ifi 7 BR 1 11 5 i o B
Mo RS A (R SR 1 S6) R IL I N, BuEm AL
IR 558, DMESNAnEEAaK, YIPER
T HUAE KIS R AE AR 77 #2008 2 2015 A1 AU
FOHR I BT, SRR FUAN AR B oK, DAVLEF4E
AR WL, TEMHEE M. g K R LR R A A R
i, Fgen FNAE OGS BEEES TR 5
SR N A R IFIR N FFERE LRI 7T e 0] PRy 25 B9 222
FRINIRAEAE 2 4E B AR UL AR RHLAI, LAURENTINO 2 B9
HFFF4E H i 3t BR i DI SRR ROE R S AR KA 2 (Myostatin)
JFHIRAE KA T 1 mRNA RIE LA ¢

[F] 4], LOENNEKE 2% " $2 th ifi 978 PR 1] )1 45 7 vk 2 vh i
ARSI, BEETRFZRAKSMHR—4% %,
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MREE

& ${f 35 Bl £ 50-300 mmHg(1 mmHg=0.133 kPa), {H i [d]
N T J A LB B B~ LI A AR AL R AL A W 4 5% A
SBR[ — IR T PR A0 L R, R A AN R R
FHOGHERE S FH A 78 LA BR 1l I SR 4 3R 4 T 2 2 IR
BEEARYE . 2016 4F 22 4 17 BR 1l VI ZAH SR PO A fe,
JEZ N RTEARFEAUE AR AR, £ VLA ThRE
WA AR L5 9 B0 25 1 AP AE I 2 1 i

3 11 Discussion

CEE SRR, LI PR IR T A 4R ok kS B R
s, SRS, SEEL BN G, REXL
BRECE A, TP E AR AU SRR BN, Bk,
5l ] 2 2 i [ AMZ AU LR 1 2SS A E,
[ S R T P A0 =B A R, R Tt [ P i U 7T
K, RN 58 E PRI 7. () Appl Physiol) A1 {(Med Sci
Sport Exer) Ay BESCHR AR HATI, U0 SOk e BURIF 5 HT 2
&, B e RS %, CEE T CiteSpace F1F AT L
53 BRI DA B B 93 12 AT T B R AR O, AR T VAR RE
FEAEA R, QDR — T AT A TEIE TR 24 24 5
PEFE . BEIE AR  NTT 5o 3 SCE SCBRAI N AURYE T Web of
Science a2, XSS 7L AT A AE — € PRI, 7k
—5EdE. DNk, SCEREE— 2B SCER I 51 45 VR o
i T L GEY
3.1 AR ABENE Ty hefers TR, MR HIIZR
TEWLPE B8 DhREREAS T H LA WG N, & EAFE 2R
TR WIRE i AR ) ARG DhBRHM (RT2E
X A SO B ) A K SR (BRI DG TTRE A
PRIEWIZE ) 25, 59 7 5 2L & R B T 1lkiE =2,
LOPES %5 P Bf 50 %ot 1 4 8 N i FH 0K 3 5 1f 37 PR 41 )1 4 — 5
FERE FIEZIAZER, $EEILAIThAE. HUGHES %5 ™ i 5u 45
H I 978 BIR ) 1 0 AT LA BB KRR 5 bk 42 R s 9 1 4D 0 A
M, FHIMETIEZNVEE . YOW 25 P H 56 2 161 BR i by 2L 15
HAE 30%IRM 71 fif L JAE BRI 255 0 6 J8 P RIS Al . i
BRI GRA R miEahae /1. ARSI R, RV B &
DIfeRE AT PR R R . RN E T B

A58 R 1) I 25 P 2 3 L) A UL R T AR, DU FRE AN
XTI LA 2075 B4 2 B 220, MAY 48 P RE g4 R R
I3 B A DI G5 mT 38 hn 2201 25 B D 2 AL R A AR, 1ok
YN B g hn, (BRI AR A, I R
HIVNGRAT =R 2 WLALE S, PR VLR 3 s T Re 5
HNENGITHEIM G A K. —BURGNELRIRTE H I BRI 25
TR RS A T BRI B A ARARAE R, W ARSI TR b
B (CHEBEREY ) R, Wb RAREY (1 B R
AR LR K ) ik BY 7E 14 JE I i PR A R BR A g
P RIE ) R A A 7 A AR Ak B i BR 1
A X HUAIE 3 R GE AR R 28 B AL AR AR MR s, (R, R4
PRANBETT LR Z 48R / SR BEULRAE K . $Em L /75 8%
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TEIZE) IR EHE RIS S T, ARG I
T PRI 2T 2 AT — 52 BB A B2

3.2 ARSI SR o PR A8 IR BRI S50 )
B D EK LB, SR HUE BIERR . RSN 71535 K A
—EAMY,. SHIMIZU %% BY Bff 50 75 248 ABEF,  20%1RM 4744 I
T BRI 5 B S 78 ifi i B8ORS 28 e A e 350 4 2 3 o,
WERE SRR M, Mk IIgeitm. AAMATREE
Lo 8 Ji (30%—40% 1RM) Fi et Fee I 7 PR i) Il 5 J5 1L it
N B, AR R PR 6.77 mmHg™. T i 37 BR
NZRP= AR A MG R, 2 518875 5 M8 A4 AR O
IR, LA BRI A L A R AR KR T (vascular
endothelial growth factor, VEGF) f H. 3% {4 (VEGFR-2). B IHS:
T 1o DR — SRR AR mRNA k190 B9,

—H B A EE e —E B A, T ESE
NP B R M AT KR T, DAERR I e e B B
W FLFE HAR AT TG BR ) I 2505 W] Re98i/ 18 3175 I N 52 AH 41
Mzh B3, T e R A g B I 3 PR A A kA R
. o3E N TS, OIS B . R R A 22 0 A 5 Y
HIT 5 R R AT AR R Y,

A LA PR A )1 o0t o 1L D e SE M A 8 B0F =& 1R R 1),
HOAWAIRE AR/ PR, FET R R M
g, HEER A At RAE. RENZI 2 ™ WSt fig A
L1 e 7t [ 2 g 5 e O = 4 R P 1
ERPIKThRE TN M. PINTO & " BT 0 Hig H vy I £ 3 7 i 97 PR
TR OR, IR SFkE. O B a1 i &
. AR PRI ZRAR DI ACRERGE T, O R N
Bl HARTE A2 3 B RIE A R IR 2 s

ETHERTE, MR YR /70T fe S5 80 & B 7k

7B B RS P FEA, I e S R0 U 9 3t N R e A
AERE, SN AU, S AR AL
) 3T, T A A ) T S S R AR Y, AT R
MY, SRR ME R L, B Mg A R R4
AR 1 it 38 PR SR N B0 A B i gt L Th g, H— TR S
PEEEIR TG HY AT 195 PR 1 25 5 i gk . T REAE AT 5 X
H A TG PRBEAL S RS, 45 A R, &R A T 7
ghit. gk, IR RR Y ZRN o M A 52 K FLAL I AF TR %
G, R RGEVELEIR AT, EARSCIG R R, ATh
wmift—itit.
3.3 it RS MR IR Y252 —F R 20 E 3+
5, TRMNAEGEUIAL O ME . AU R Z 5% 1l R
WHITEURE T, BRI E U R % 1§36
FRG )5 S & B AR AL SO, KR R E
TR I, 2 MK R A 2 3 B RS [ % B R AL
RESZI R RE, ME B NFEI SRR e ik A BET TR T R
H AR 2 B Ar AR R I ) /I, SR SR 9 v ] o . 47 PR 1) 11
GRIEHMEE . EEBE R A FEA N R
WH RS ENETERE.



g oTmk: XFikit. BAREEG S —EH T k. TAHRER RIS —
5 A H R R AR, GBI TR T AL,

FIEEHZR: LF bR 20, RAMAFXETREIRRFEFN A
+R,

S{EeRE: MAETEREFHNLHEER S (FAMT LR ERE
o B F T %3R5 KA QIRAHLY |

NEEE: LEHRITOL2TE LRI G LR ARAITIAREE,

XEINE: XFZPRATINTERREINT, RATIFUAN X FHEH
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