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Abstract

Objective: To systematically evaluate the effect of BFR technology combined with low-intensity
exercise training on muscle thickness, and strive to provide help for the refinement of subsequent
BFR application. Methods: A computer-based search of Chinese databases (CNKI, WanFang Data,
VIP) and English databases (Pubmed, Web of science, Cochrane library) for all randomized con-
trolled trials on the effect of BFR on muscle thickness, as of March 7, 2024. The included literature
was analyzed using online Rev Man software. Results: A total of 1610 related literatures were re-
trieved, and 19 literatures were selected, including 16 high-quality literatures and 3 low-quality
literatures. The results showed that BFR combined with low-intensity exercise training could ef-
fectively improve the muscle thickness of rectus femoris (P = 0.04), lateral femoris muscle (P = 0.04)
and intermediate femoris muscle (P < 0.05) in healthy people and those who needed rehabilitation,
but had poor effect on biceps (P = 0.25) and biceps femoris (P = 0.27). Conclusion: BFR technology
combined with low-intensity exercise training can promote muscle hypertrophy in different popula-
tions, with obvious effect on quadriceps, especially lateral femoris, but poor effect on biceps and bi-
ceps femoris. The effect on other muscles needs further and more detailed research.
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1. 51§

F 1999 FFHICIEE — iR SCHk R R LK, kT My R (Blood Flow Restriction, BFR):: A [t 75 T f&
PNk, HIEHTEREEUT, EEREARE. BT R wOm . BITEEE LI, R
e TE SRR ity 0 FH VI 255 CAGI 32532 2 ) R e ok 0L 978 170 A BIR 1) 3 kB RO A%, e % LU 20%~30%
1RM MR FE ISR 1T LA BT 65% 1RM & FE YNGR 8RR —— (R BV 13K LAAE R [1]. [FIRT,
BFR AR AR MVE KB R . M8 N A KR A e 2 5 4 S, PR A BN [2]. IXFER)
RORTCEE T AN T LR 248 . WU Esp s s, thinfmpe . s Em &8s, 2. BFR
B ZE LR BB K R CEN LRI ) O BFE PR A T T . — MUK 77, WLAINE KR AR AEN IR 1% S B d R
LR LTRSS, PIIILT 4E 5 3 AOUTRI S, AL PR) 200 M B P S ey 3o e 3 o s sk sz 2 gk,
PR A A EE R PR g, IRk T S BULAMENURIE 1BE, 41 mTOR. MAPK VS {KffimiE, 455
FNAG RGN A—EENSRAEE D), Tl AT AR R, X — IR R A S AR A
R S ) AR T SO FE R PR, SRR A A A FE A R N AR 2R, X ] LS SOV K 5 FLAR
W= T BAE A 5 4 DIt R IS B, TEIRE R DA VLA AR K BT s SR A R R A 3]

JEINE, A R E RIA T A REER. £ Hill, E. C.H#FTTH, 454 7 BFR HIA.LIE sl
TRCrHB N R RE R IR I K [4]; TS 18, Kwasi Ampomah 25 A7E 5 & 1 B B b o7 P D R M i
& BFR %k, JH&A RIERTNLAIBE K I02E B8, WA RISV B2 AR K [5]. A4 BFR 1)
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JULPAI R A P B D HOL I 2 xS A UL AT ) 5 R ] 2 BFR AEAS R AR50 24 i 75 A AR R )
ROR? HAET BFR EHENIANE KA AR S WA ? XL AT MBS R TT, LA B2 fa] B B HLA AL
IPPAS LA R /NI FR AR, & AR SCHSAR T [ 9 4 BFR AT JUL AT B S I 1) STk, Sl xF 3R 1) i HEAT 4R
K, FRHON A2E BFR A AN SR B .

2. #RERFE
2.1. R

ESCHE E “Pubmed. Web of science. Cochrane library” W SCHUE B “An, 484, T35 &
WP Sk, Hdh sk & A aFE “BFR” . “Blood Flow Restriction” « “Vascular occlusion” . “Katsu”.
“Muscle Thickness” . “Muscle Volume” . “Muscle Hypertrophy” , 1k 2 5008 e 4644 fu v, T PR i1l 4%
42y “Randomized Controlled Trial” ; H 30 ZAGHE “ MRS ” < “IENZ” - “FHMIIZ” |
“WIAJERE” o “HIABIR” o “DIARK” , Sa—xm N 2024 3 H 7 H.

2.2. PNFRE

1) KT BFR BRIV JE B S0 ) R AT 78, 7% 9B ATL 6T 045 (Randomized  Controlled Trial,
RCT), 4r2HPA;

2) SZRE OIS RE TR EE, AR,

3) TG MoK IE s I g, IR BFR HAR;

4) g Rt EFERIEERS . CT. MR BUGARE AR BV ERE, HAR R A%,

2.3. HERRARE

1) B3 ZRRTskm AL ER, EZhINZRIAIER. BBl ZR)a i PR
2) of M rp v 0 2 I Bl I SR e LA s LA P A Sl ) BT 3K 5
3) ME. R BRI AETC B AR KR S0k

2.4. HERRETEMN

1 2 AW 37075 A R SO R Jadad 170 4 UG AN B SCRREEAT SCHRBREE PP AL, 1Al 9 A B0 45
BENLRP SR A BENUACRRR . B BARTT & i IR AR, B08 7 70, 1~3 70 MR & STk,
4~T7 J3 e SR -

2.5. AR TE

AHIFERIAELE Rev Man BUAEXTSREUKI B AT 00, THEBURER A SE R (RR) S 95%Cl
R, TEBURER UL 95%CI R . Bi A Fd 1L E A BRI, ARKERIZ ], Meta
M, BLP <0.05 AEA SR L. MR 17 < 5000, RTINS B PR, R ] R A
ST 12 > 50%RY, REIBEI L AFE RO E, SR BN B AT /00T o R T P A
LA ESEZARS, {8 1] Rev man 2R 46 TR A IR S 5 meta 20 4T; B0 FORES T (H bR 2
I, AR Rev man R 8 e e TRAFEM ARG 25 meta 04 AN EBL LB S A 7 — 2k
SR, #HEAT meta M, RAT—MTTERY,  HEATHEAE T

3. R
Fr B b SCik 180 K5, BESCOCHR 1430 K5, HERR T A S0k 367 K5, S AR B R EEHERR O 4 S0
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Bk 1109 F, BAEE 1 134 R SCHR 430, RERARREALN ORI B A AR T FE . o RS . 45 R
PR WA S FEAESCHR 115 7%, 528 19 45 SCBRAIA meta 73 M, ELFE P SCSCHR 3 0%, 9E3CCHR 16 5%, I
FEHLA 1o

BiEERRI S5 EEHE
RICERILT 1610 WP
180 55, L 1430 &)

MR EECERI6TE ([

ST CHR11098

.[ ] B2 A H AR

v

FKELCER 13478
(P28, EXI1128)

B & 195 RCIZ AmetaZy
(P35, HEL165)

Figure 1. Flow chart of inclusion literature
Bl 1. ASCEORIZE

3.1 ANCEREASFHE

ZIN meta (ISCHRAT 19 f, AT REALG BGREG, ARIEVE AR, RBTESCEROY 3 9SOk, A
B SR AR AR Z, R BRI E B R B TR R
G AREA, LIRS 205 N, XA 254 N S5 )RTEARANLAERE, W KB RLAA B Y kAL
RSk FHERLSS: DI ZR50E 2 48R TE 20%~30% 1RM; IR 007 K o0 4 Fp e R I iy VI 25
WA 1.

3.2. BR=kANIF LA 5347

PURE S UUDLA JE B R &E R AR AR SCERA 7 75, REGALRG 94 N, SRS 91 N, SRR
BIR 12 <50%, JEPEFEE RN, Meta 20T 45 R Eor: 91H 0.01 em, 95% Cl 4[-0.01, 0.04], &A%k
N Z N 1.14 (P =0.25), P8RRI A A RAEE SR ALK A Gt %25, WK 2.

3.3. REHLILA 54T

DA ELILILIA JE B A 45 J R hR I SCRA 5 4, iRIG4Lait 82 A, SHIRALET 71 A, REMERKE
7N 12> 50%, EFEFEHLNARER . Meta M7 45 B R PR 25858 0.13 cm, 95% CI M[0.00, 0.26], ik
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Table 1. Includes basic characteristics of the study

® L AR EKRSHE

= AR Sk A WL Vs TN FB AL ENEE
255 [6] 6 A BB A=k 25% 1RM  JEAYTRAE 5 KIE, 6
JELL
P 7] 6 fEEEA PRI B AR TR AL 20% 1RM igﬁ‘:;fi 3, 12
i g Ay %$’l' 1 NSSEN D 7] Ve | [ ER
YR E[8] 4 R BEEAL. BRI 30% 1RM KEEARES 6/, 4
. " . . 60%~70% PNl i S -
Behringer, M., etal.[9] 5 BEN  BEN. B SR B3k o i 2 I, 6
Colomer-Poveda, D., JE 55 5 Ah R e B B AT i N - -
et al. [10] 5 RN 50%. 70% (H H fall) 25% MVC Bt 3R, 4
Gavanda, S. etal. [11] 7 A FHERA AL 30% 1RM e~ 20, 6
Giles, L., etal. [12] 6  EEEEE iU BN 30% 1RM KHBAR B 9 8
Hill, E. C. [4] 5 1IN Wi —SL L 30% 1RM itk 3WIA, 48
Hill, E. C. [13] 5 235N i =S AL 30% 1RM ek 3WIE, 4
Hill, E. C. [14] 6 15 IN Jil kAL 30% 1RM fitkinss  3WE, 4
Isrctn [15] 3 ;ﬂfﬁ PNEE 20%~30% 1RM  Kfifliftss 2 k/H, 3 7
JA AL Jils Sk WL X1 LS _ N - -
Kara, D., et al. [16] 5 ey KFHL R 20%~30% 1RM  Jfkicsm 2/, 8
3 HIR JEENL B _ W - -
Ke, J., etal. [17] 6 VIS WAL . L 20%~30% 1RM  KfEiUTS 2R, 8
Li, X., etal. [18] 5 ACLARJA BREN SR PEILZA 20%~30% 1IRM KR i 8 JE
Loenneke, J. P, etal. [19] 3 RN Bl MU S Ko s 20%~30% 1IRM KRR  3%/E, 3 H
Park, J., et al. [20] 4 RN KBEATHULA 60% A 70%4k e BhiE 5 IR 3 i 10 RN
Slysz, ). T.etal.[21] 5  fEEEA e SMUAL 15%MVC ki 2 ijlg ? A,
Wells, E., et al. [22] 3 i3 IN Jil = 60% 1RM FetkiEy 2 A, 484
Yasuda, T., et al. [23] 5 1IN s — S AL 20% 1RM Jol A7 3 i Bt
¥: AOP, JMRMIZER; RM, IKEERE: MPV, KBRS 1; ACL: RIZE X,
BN Z N 2.01 (P =0.04), iSRRG AR BEVUE A g2 5, LK 3.

3.4. RPEIANIELH 24

CABE TR LA JE B N 45 SR Fe bR i SRk A 5 4, REG ALt 60 A, XHRALEGH 49 N, BRI E
7N 12> 50%, EFEFEHLNARET . Meta 24T 45 B R s: FHIZE(EN 0.16 cm, 95% CI N[0.16, 0.25], ik
BN Z A 3.71 (<0.05), i B A1 a6 2H Aot B A B b I LS FE AR A G it 2 22 5%, LI 4.

3.5. B&SMUIANIELH 93 4
ISR LU ML A 45 R 48 AR A A P 5, kI A0 B4 & 30 A, o AR 36 SR 12 < 50%,
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R E VAR . Meta 73 HT 85 R BoR: ~FIhRAEZE Ty 0.28 cm, 95% CI 79[0.02, 0.54],

2.08 (P =0.04), it R ARIRIG LRI B LI AMI AR AL 5 G it-2f 2 57, VE L 2.

RN Z Ny

Experimental Control Mean difference Mean difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
@Hill, E. C. 0.22 0.12 24 0.23 0.16 12 6.2% -0.01[-0.11,0.09] —
@Hill, E. C. 0.15 0.08 10 0.156 0.079 20 17.9% -0.01[-0.07, 0.05] a4
QHill, E. C. 0.33 0.22 10 0.39 0.24 10 1.6% -0.06[-0.26, 0.14] —
Behringer, M., et al. 0.26 0.04 12 0.24 0.04 12 64.0% 0.02[-0.01,0.05] [ ]
Kara, D., et al. 0.68 0.37 14 0.34 0.24 14 1.2% 0.34[0.11,0.57]
Wells, E., et al. 0.19 0.1 14 0.196 0.12 13 8.7% -0.01[-0.09, 0.08] 4
Yasuda, T,, et al. 0.88 0.52 10 0.56 0.45 10 04% 0.32[-0.11,0.75] —
Total (95% CI) 94 91 100.0% 0.01[-0.01, 0.04] ’
Heterogeneity: Chiz = 11.11, df = 6 (P = 0.09); I? = 46%
Test for overall effect: Z = 1.14 (P = 0.25) 05025 0 025 05
Test for subgroup differences: Not applicable Favours [experimental] Favours [control]
E: Mean, “FI{E: SD, FrifEZE.
Figure 2. Biceps subgroup analysis
B 2. B SKALIELBS
Experimental Control Mean difference Mean difference
Study or Subgroup  Mean sSD Total Mean sSD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Behringer, M., et al. 0.15 0.12 12 0.25 0.18 12 204% -0.10[-0.22,0.02] el
Ke, J., etal. 0.79 0.42 20 0.53 0.58 20 10.0% 0.26 [-0.05, 0.57] ]
FNEE 0.34 0.15 10 0.06 0.09 10 21.3% 0.28[0.17, 0.39] -
28 0.24 0.1 20 0.01 0.09 10 23.3% 0.23[0.16, 0.30] -
HEsE 0.09 0.05 20 0.04 0.01 19 25.0% 0.05[0.03, 0.07] =
Total (95% Cl) 82 71 100.0% 0.13 [0.00, 0.26] 0
Heterogeneity: Tau? = 0.02; Chiz = 45.84, df = 4 (P < 0.00001); I>=91%
Test for overall effect: Z = 2.01 (P = 0.04) o5 025 0 025 05
Test for subgroup differences: Not applicable Favours [experimental] Favours [control]
7£: Mean, “FH#{E; SD, FrifEZ.
Figure 3. Subgroup analysis of rectus femoris muscle
3. BREMILASH
Experimental Control Mean difference Mean difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Ke, J., et al. 0.79 0.52 20 0.56 0.48 20 6.9% 0.23[-0.08, 0.54] —
FIiEs 0.22 0.12 20 0.01 0.02 10 46.4% 0.21[0.16, 0.26] -
BIRE 0.13 0.12 20 0.02 0.02 19 46.6% 0.11 [0.06 , 0.16] -
Total (95% Cl) 60 49 100.0% 0.16 [0.08 , 0.25] ‘
Heterogeneity: Tau? = 0.00; Chi* = 6.86, df =2 (P = 0.03); P=71%
Test for overall effect: Z = 3.71 (P = 0.0002) 05 -025 0 025 05

Test for subgroup differences: Not applicable
##¥: Mean, “FI{E; SD, FrfEZ.

Figure 4. Subgroup analysis of the vastus intermedius muscle
& 4. Brep )AL LA 5347

Favours [experimental]

Table 2. Analysis of lateral muscle subgroups
= 2. BROMUANIELE 347

Favours [control]

RMBifeby  SCiR%E IR THRA P% B P Mean difference IV, Fixed, 95% CI (cm)
Ji% AL 2 30 30 10 2.08 0.04 0.28 [0.02, 0.54]
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3.6. BR=KANIEH 47

DAIE SRV R BE R 25 SR R AR STk 2 0, ISR g ATt 22 A, SRR 22 N, Rl PER I 2
N 12> 50%, BN, Meta B R R: FIFRMEZ N 0.25 cm, 95% CI J[-0.20, 0.69],
SARRN. Z 9 1.10 (P = 0.27), 6B MR EG 4 A X B2 I — SV I B Siit 5 7, VEWLE 3.

Table 3. Biceps femoris subgroup analysis

3. RTSKANILLB SR

MONAERE  SCERECE RKIRd xR 1P BRSSP Mean difference 1V, Random, 95% CI (cm)
B Sk 2 22 22 87 1.10 0.27 0.25 [-0.20, 0.69]

3.7. HRAA S

CLHERZL. X EWL. KRS R LRSS R Sk R A 1 /i, Colomer-Poveda, D %5 AHFFTH
KEL BFR 4Lt B USR5 25w T 8 4H[10]; Gavanda, S %5 NERIGHT S K IUE I BFR XHHER L
WU B E A Z e, (Han R AR a7 IR, BFR 4L JHERA VL PR B 38 v 5 B4 [11]
Giles, L % NAEHES R B H PR 7C R, 78 BFR FARN I VU Sk LRI 5 1 5 5 o B S gem,  [H]
i, BEYT 6 5 RIRE R R I R RN [12]: Isretn B 98 K BIMKSR S BFR Il 2550 est Ol 4 T R i
(R BE Fh UL A 55 25 (R [15]; Park, J %5 NTEIN T BFR IBESHIE S 70 H, 584 R B BR A 56 VLIAI 1)
HJE[20]; MER ELE B2 A B SMIERS K% 1 rh S I R B, IR BFR (B934 LR
FEARLHI[18] [19]; TOPEE Ahh, BFR XX EAL. IR JE A EE AL L8 54 F R 225 16] -

4. Vg E5%ip

Meta TR, BEENL. BAMUAL. B R AE BFR SR IVER R, K580 I 2R RI AT R B0 2 L
WIEMER, Ke, J% AR KB BFR X ACL AJF &34 I VLI 1S AR B B [17], S5 F KAk
UL B EVLS e () JUL S BE 2 A0 R 5 R RE R B 2. 72 5 [15] [18], XK H BFR BARX T 1Y
SLAUVULEEVE 525, AN b 126500 10%,  Bi BN N SCRR S P, b i K i AR d it
FRENBELL S ACL ARJ5 2, UiHA BFR TEM MEEAR R S B — 8, AH E 100 & A /WL 9\ STk
D, HXF AR SZ B R e NS A, HEH T a2 A B, BFR X HLA 134 JE4E H
LU P S E RO I PN E T E N

FAMNRIL, BFR A KHR I st T kWL I SRR R AR X AT g iz shll 4
BOEAE N EEA R [5], R TRA LR KR B I 255 i 52 1 7E 20%~30% 1RM, {EX) T EAR LA R 2
i S AR AIRM FEA IR, X BRI )@ T 707 R i1 e T BAANEE IRM il E; 5 —rl6e
JERE BFR WIZE R PoA (3R AN L DR BT AL (2B K, X n] UfE— e F2 % LR BFR
FESR o VA 38 A = AR A8 FAORE[5], RAETEANFIRISZ G, AT RAE R VLSS, R 7E
— SR A TS B AR LA 3 5 AR b 2 SOV A 35 38 IS /R F =2 S e IHAR T BFR 22 BLAE
TR ENNEZ I BN AT . AN i 3 a] DLRE SCE IR k32 H )@, BFR 3 A
B I R — LA R R

X LA IR FUUE 1 s SRR, Forh R BT BFR HR T REXT T B EL H AL, O
ARG B R AL B e, M aT R BT T B HERZ L 8 Rl VLRSS 538 B350 20 )8 AL R
AR, % Gavanda, S5 A$EH BFR BARTEZ Bl 2 5% T LA AR K B4 F BE D B R[], {5 |
IG5 BIREA R W R mE, H— Mt RHEE L E Sl RCT MAE.
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TEERIR, ER N BENL Berh UL T ) 123K F 50%, X SREEERA 1A ER =
FIFEZE 5, ATRERIIRIAN T Ry R ZESR, XNZE E e A8 R, CT/IMR DR A A A 25 1)
FEPEANTE], FEATA I BF AR AR, ATREAT R — s MmA%, X+ A —WURERORE I, 5 & i 2=
5¢, bt Behringer, M.AEAE S AMEM T HEHT_FBRS R L2 2 (M ERES ) 50004045 B ELILE FE[9],
M3 IR N R AL E2% 10 om A FR[8], MELLE AR MR FBWNALAERZR: BFR JIZk
HWANE, Freitas, E. D. SAENLERFLHAEH T PIMIZRT, Hr—MOE GG, LA Ak b 28
IS FEEEAA T, MR g IO AR H 8 AR s s A, DA 1 RN R ) S5 0 A R
Fia, RARBERATINGRAT AR W] R 2> KA [24]: 2, RUERAERAHE RN, Ui k)
AEREDL,  FMISSE NBIRTFE Y18 1 120 mmHg [ /5 180 mmHg [k /), FTRES 7 45 R i K A 4%
[71; 534t Gavanda, S.5F A$ZF| BFR X ALPA R LR i A7 £ 52 25 (KON R0 242, 9 AT 5T TR TR A
R, PARrhig A Joxt 45 RAR bR O G E, #A TR A WA (1]

ZR LRIk, BA TN BFR SR RGR B2 S ZRmT D #EA R LA ALK, 1208 IR,
X VU Sk UG A B AMILRCR B R, 3 F IR =Sk L SRR R, 2T BFR BoRXS HARALIA
HIRCR AT 3 JE S RN . SEAREURE TOT -

&5k
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