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5 LR R AR SR AT I 3020 BT $R 5T BER 5 52 I i 0 55 0L 58 2 15 % MR 32 Sl e AiE B9 5 i K AT RE AR 4 R LA
—J5 T AT L e $E BER I R i 0 35 4R 5K — B B Oy 22 A7 Sy N 25 07 X, 5 — O T A AT RS S 25 3 s I 5
B A5t 2 G B T B2 1 a kA e L O HE A AR (M B S

1 HARWNKEFE

1.1 #MRIIFH

AL RE VG LR T 2P 17 AR RIS B E (R ZREEDLE 1 ANERNE 2~3 K
Al T 30 min A9, sk 1 0 A A BE KT 15 ko) VE M58 X 4200 BORAESL B0 AT 24~48 hiN
Tl Bz gl To T B B B OGS 5 PN B e 2 21 By B Y A 42 B VAT L T B O T T Bl BE R R LT
AZRHEYAES ML ZRE B 11 4,2t 6 4, FHER23.5E1.D 4, B & (175+£4) cm, T &
(75.2+1.3) kg, I H A& PEAT 4 B[] w5 6 B < M0 09 58 0 78 49 U AT 1~ 2 d PR IE 78 2 A9 0K 8 0 B B , 7 F U
R IE B f 2 Bl KT A2 3 3 I 2 A R ) R Sl R A K ACSM fE B XURS: B A AR A5 B B AR, OR 28
Z A R A W & U IR T 2R BE AR B2 B 23 W L3l 4F (No0.2023041).
1.2 LI =R

FREM AR &5 Visbody-A600 (74 %2 2 ¥ & e BH B A3 BR 28 Al f ) i — B %5 % B A (580 mm X
1550 mn) 5 A7 E 55 J~F 4K 5 i M0 S B B e 4 Al 0 5 6 A IR AL (S2J TMD400 & 1) D435, Intel
NED B 2H RS W I 5 R i R G SRR AR O 120 Haz, SUBRTR N 144 Hz 3% R G003 T 20 4MG i 9
A GEREH A, AT [R5 2R 85 % 4 KIS (RGB) FR FE (Depth) 5 B S ShAE 2 5B A N A R 48 6 it
R 5 33 {3 Google Research B PAJF & i) BlazePose A AR 22 35 Wa i 57 AR 1 35 FH b 228 ) 25 A5 180, ] 46; ) 5]
GBI 33 AN B A L B DAAE S A A AR AR T 4 v G U SN AR O A A R AR AR A 1 A e R B T ORI R AR
ELA A v 1 M R e S o R R O R ) B O T B v S R R B D
T e 2B S U O D RS | T R R 5 A L B O A fr B AR L R T L SR U B B i AR
it SO T A R L £ BRI AT DL B S T ST

LOGIQ Book XP ¥ & & ¥ ## 75 {X (3% [ , GE Healthcare 23 ) L E 7.5 MHz 48 3k (™ % . 3C-
RS;ZEFF : 10Lb-RS.,i12L-RS; i N : ESC-RS; ™ : SC-RSEL & 11 em 5 J& o 78 S 4 A7 Gl B v 4 15 )7 1% fik
WA BRZ 7, B ED F T 3 Bk 4] 22 1% (arterial occlusive pressure, AOP) F) M & .

NoraxonUltium 16 i 18 Jo £k & I WL H L &R 58 Chig AL 24 000 Vs BRZEME 7S <1 V), I TR & M
A EFE P R LA WL (5 5, SRR 4 000 Hz. BE UL A K B H F i o 8 UL R 5% ¢ S
1.3 HIEXRE

17 £ 3230 48 320 3 WO A2 3 75 28 04 B A5 M, A5 il o) B 1 A1, 2 5K 32 33 76 I 400 1) 325 70 1E
HARE 0008 T 2 I, 28 1E IR AT A MR I S 0 B BRI 0 50 A2 R O A L B T A2 3 A
34 Sy A5 . XoF 52 4K 38 T AT e A A SR A O P S 3 N B3 SR S A IR TR Al B e R AR LA
Jas Lk 2 m/s (B EEFE B & B iEAT 3 min BTG B, I S8 HE S A2 3 R B RN Ok o R R R &
2.3 m/s, PR 1 YRR P A B RS (1 00 W 3 B P AME B s AT P s B I AR ) BER 2 i E R
Hi 2 10 min, 75 5 e P o, S0 6 300 [ ™ s 4 ol O B8 8 8 S5 PR A IR 3R

B 1 YR 28 (461 R B4l B8 (blank running, BRYARZS 3238 3 AN B, H R 3% 32 34 5
R 40 Atk 55 2 ik BER T #126 (BFR and running, BERR)JR %, 32 28 2 00 30 K R MR 350 finl
IR 5 Bh 40 % AOP P € & ) N A8 T M D 5 B i 440 47 B 20 58 3 itk BFR R B2 45t 5 il #6025 (mo-
nitoring and feedback, MF)IRZ . 524 & AT5 T 08 H M B AR 35 Il 38 7 EL it Jin 40 %6 AOP P41 2€ & 7, ) isf
P2 32 2O B AW R S A5 0 2 A AT B, SR AZ R AR A B 7 v SN IR S A AR B S B R A S

R 18 B 2 RAR I 321 TO T 7R AR R AR SO hR 7 A TR EE ALK B 3R TF AR i SR E I R 5%
P . iz 3 2 R A 45 32 308 T T T L BR OGS4 B B 5 A B W BT SR T L O AR T RN K - T 1 04 1
Bl EE R O O AR B SCAN B S 1A S2 TR
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K B L H BRI 5 R S UL WAt L 45 B 0 B J F B 1% 5 G N AR i UL PR I 1 A 1% 2 T L
P e AT 3 L SCRR(7 .
1.4 HELE

i ] Intel Real Sense ¥R BEAHHLR A iz s TR FE IR 5 8 (4 5145 , il i RSPBP Ab #UR{: Xof >R 2 K& 3k 47
Ab 3L St P AR ) SRS T AR TR AR A5 € G b A2 3 38 i ALh A — BRI R TR DX B, P8 P A AR OG5 a5 0 A5
TR U T DX I P9 A AR ST 00 2 dE s b, B e 2 2 A b e S5 28 TR B T B AR I Z il s s o AT 4R A5 BUH
8 5757 A5 BT RO CHD VB (KO VBR (A R AR (T B OG5 1 3 ZEAR bR Ad ] Kalman I8 3 X IS4 31 09 £ 4l i 17
DS AL 3 3ok i M P A T AR T AR A Y U SRS T b A A R R A OGS 3 AR AR AR
P20 kR v A2 3 T R R B OGS AR AR AT S R TE RN KT T s B0 A B TS TR 38 S L R AR
P (CN114495256 A) , EL A ULEA 3% f B 8092

XFJE G LR 5 #2547 Butterworth 7 38 U8 % W B 42 2 O 52 . #1E M % 20 ~400 Hz, B 5 R 53 B 804
Mega Win2.4 X 5256 BT i L HRL A5 5 10047 T4 3 2 bR i Ak 5 o &5 6 S 56 4 AR AT E 47 1 05 8] 5 Ji5 A7 st 88 i
B R BT B LA 2905 AR IR IR (root mean square, RMS) 5 f 46 551 545 Jg B 5% 45 A » ELIAHH B 2 23 S
BRL7].
1.5 #itHAE

K H SPSS 26.0 A4 X5 A Ecis R AT Ge 1T 27 40 A A B T i GEORE SR B S50 £ B i 25 R L BN A PR Y il
FHEE 520 8 7 2% 3 B 9 8 A Bonferroni ¥ 47 35 )5 W0 M Lb 8. B IR K 36 K ME R B 0,05, S 80AT {5 X [i] B
95% , P<C0.05 R Hd |] 22 5 A ge it 22 & L.

2 MELER

21 THRIENZSHTUFE
2.1.1  HERTY

MR 1 FrR. 5 BR I E A0, M 7 BFR 544 F 820 B, B BERR J7 48 S B Be i 5 0 e e
e il K P T G S 0 [ AR S B B OGS A R LR e il B A AR B S 0 ARl R S A A A 0
54 E .5 BFRR J7 240 e, BERR+MF J5 %8 T B 35 78 34 B B GRS e £ BE A0 4% 4% 5 1) 5649 1 3l 1
1 RE 4 W 2 R R LA Bl i B oA i G 1 T il B PR E A E AR 4 B 3R B[R B BFRR+MF % 5 BF 7 &M
Lo, B A #E DG IE B2 S o i 35 25 R (P >>0.05).

®1 AEEHARTHETHBXTIEEENEE

Tab. 1 Peak hip joint movement Angle of runners under different exercise programs

225 W B BR T/ BFRR 7%/ BFRR+MF 7% /(*) P
i R f RE KRB 8.2474-0.20 9.3620.43" 8.30+0.46% 0.410
2B 5.4240.19 6.9940.35" 5.4940.35% 0.003
5 P9 05 A B S B Bt 8.67+0.49 8.71+0.41 7.21+0.42% 0.005
123 B B 5.08+0.33 6.4740.43 4,9140.38 0.001
5 i A B2 WG B 15.7340.58 17.9740.50 " 15.50+0.63% 0.006
BB B 20.3440.68 22.514+0.83" 20.734£0.897 0.002
5 it A A B B 18.4840.60 20.7040.62" 18.90+0.587 0.330
BB 22.1140.77 23.7140.65* 22.2640.83 0.035
75 P9I £ B2 A B Bt 3.5640.41 5.454+0.53" 3.57+0.43% 0.000
1ZE 3B B 7.8040.91 9.13+1.07 7.3140.75 0.250
4N HE f BE A B B 6.0540.68 6.88+0.73 6.0240.30 0.980
BB B 9.40+0.92 11.9440.75" 9.46+0.66% 0.000

o ox KR 5 BRI EM ILAFTE B 52 5, P<{0.05; # KR 5 BFRR 77 BAH LA E R F P25, P<<0.05; 2 3C .
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2.1.2 R
WL 2 s, 5 BR 5 A, BFRR 75 %8 T Bl & W OGS By B Jr 1) G 19 1% 2l W {8 A 32 34 b 26 1
s RS B B R ST A0 A R K e iy AR RE S 3 an o S RSN 5 R B S . 5 BFRR 7 R AL,
BFRR-+MF J5 5T B & B OCT19 SCHE B B 4% T [ 5G40 1% 2l WA {F £ 88 34 W 38 Bt s 4 Bl B BB, TR G b Jie L i e
KJw AR 2 T B BFRR+MF 7485 BR FEML. Ir AR WIS g MmEY LR HER
(P>>0.05).
%2 AAEHHFETHETHBEXFTIEEENRE

Tab. 2 Peak knee joint movement Angle of runners under different exercise programs

il &3 W Bt BRIFT%E /() BFRR K%/ BFRR+MF J5% /(%) F P
JRE A IR ff1 BT B B 3.4040.35 4.6240.44" 3.67+0.33% 6.93 0.006
1ZE B B 2.68+0.33 3.78+0.35" 2.6940.287 12.89 0.000
R N WAL £y BE S B 2.3940.17 2.914£0.17" 2.36+0.17% 6.04 0.006
£z ] st 1.9140.17 2.17+0.21 2.47+0.26 1.90 0.180
WA R £y 2 P B Bt 2.2740.36 4.01+0.51" 2.53+0.42% 11.13 0.001
3B B 2.8140.43 4.66+0.58" 3.2440.487 11.33 0.002
i T i i B2 R B 37.234+1.72 43.7942.02" 37.46+1.70% 9.22 0.003
BB 56.56+1.33 59.26+1.29" 55.9941.57% 8.08 0.002
i P9 e 1 S B 9.76+0.78 11.86240.86 8.78+0.72% 13.61 0.000
3 B B 24.9941.37 28.0041.23 25.3840.89 0.43 0.590
JE S i £ BE B Bt 5.9940.62 7.77+0.51" 5.304+0.56% 9.26 0.001
123 B B 14.7840.98 18.46+1.04 13.514+0.89 15.35 0.510
2.1.3 BRIy

N 3 B, 5 BR J7 40 L. BFRR J7 58 B BROC T S5 B BEBR SN e F B2 6 12 8 M 22 5= oh R 7
Tia) 571 5 B U {0 38 349 0 35 1 5 42 3 B B o, BROC Y SR | A WAL B i A RE B 3 AN T el P S e s A A
5 R s - 5 BERR 77 2641 e BERR -+ MF J7 58 Bl 2% S5 B BOBR 5C 35 BR AMGE #1220 A% T 1] 37 2 0 i
1R B8 W G 5 TR IR A 43 Bl B B R O YT A WA R B i A B 8 2 3 R LT BERR+MF J7 %655 BR 77 & 1L
07 Tl BRI 1 Sl W A B2 308 W 35 22 5 (P =>0.05).
R3 FRBHARTHERSHBERRXVTENFRA

Tab. 3 Ankle joint kinematic performance of runners with different exercise modes during running

il 23 BB/ () BRT£E /() BFRR 5%/ BFRR+MF )% /(%) F P
BN R f B B Bt 2.6440.25 3.25+0.22* 2.6140.20% 9.96 0.004
123 B B 1.2140.10 1.65+0.12" 1.4340.12 5.40 0.015
BRI A BE A B B 2.4440.16 2.8540.20" 2.28+0.13% 7.66 0.004
13 B B 1.31£0.19 2.004+0.14" 1.53+£0.12% 8.45 0.002
BRI £ BE B B 12.6043.23 14.0043.39 12.9143.21% 5.07 0.013
1EZ B B 20.09+0.89 21.67+0.76" 19.45+0.737 9.76 0.001
RS A R KRB 21.7940.82 23.39240.80 ¢ 20.97+0.93% 3.82 0.041
1E 3B B 18.1540.85 18.8840.87 17.3970.85 1.93 0.180
BRI e £ B W B 8.264-0.87 8.9674-0.75" 7.1540.57% 3.76 0.046
153 B B 11.0940.71 11.7340.70 10.6+0.64 1.88 0.170
BRONE A BE KB 3.8340.44 4.5740.54 4.2140.40 1.41 0.259

123 B B 5.30+0.66 5.92+0.56 5.31+0.44 0.86 0.390
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22 THEREANBHEZLHFE
2.2.1 ZHEBE

SCPE B B B B LR A Ty 5 SR AR B W 3 (P <<0.05) A&l 1 R, FHE R e R B, Y b i
#1471 BFR Y1255 . BFRR J7 5T ey sk WL B — Sk WL JHE B L 2 B R LS BR Jy R AH L 3 A4S I 18] B Y
RMS ¥ & 25 18 T, {5 Y S B 8 4 W) 55 B i J 1 R JUL PR D00 3R B0 1 AR A UL IA) RMIS (P <<0.05) Ji# B i L
FE55 1 min 15 5 min BF RMS 31,28 10 min B JC 8 35 2o A8, H A 92 i 325 34 W 5 15t )5 G i 3 AR
fb.BR J7 % 5 BFRR+MF 757 240 LU . AUHERG WLAMI Sk 7628 1 min B 8 35 KT BFRR+MF 75 %, AN 7
25 I B BE N B oK SR B 25 5 (P >>0.05).

ik FP AL ATR M . 55 BR 7 M L BFRR J5 48 F B3 30 43 B B R i i L5 B8 KL 3 A4S s 1] BE P MF
¥ 8 0 HERA WLAE S 1 min 555 5 min B8 E 340, 55 10 min B JC 1 35 22 5 0 FH 5 e S8 34 0 45
)5 . BERR+MF J5 % T (1 B 5 R 3 A0 ] Be g MF 35 18 25 BEAC IR B mi LS HER LSS 1 min 556 5
min i MF 3 A% .45 10 min B JC B 325 5 55 BFRR+MF J7 %5 BR & AH L R BT 3 A ) B
N MF ¥ 2% T BR J5 %8, FLAR LA 45 B (0] Be 340 1 2% 22 5% (P =>0.05).
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Fig. 1 RMS and median frequency performances of lower extremity muscles in various supporting stages of running

2.2.2 BBE

B B b R oA LA B Iy 58 200 34 B 3 (P <<0.05) . 4n &l 2 BF7R . 5 BR 57 E 4 b, BFRR
05 G R DU Sk WL L 3k LA JHE R JUL 3 A Bk 18] B oy RIMES Sk 38 186 o v e ) 5 b 8 3 ) 5 R 4 ) o B R L
PR RMS &3 T R & K ULES 1 min BF 3 #iz 3 Jr 580 RMS JE i % 22 % . 7655 5 min AI%E 10 min ¥ 1
/R 3 Fhis g IR A Geit 2 25 R R BT 3 Rz 2 5 48 ] RMS A8 Ak 5 S # B B [R].

Tk A AR 7  BFRR 7 %85 BR 7 R AH E, 28 i L5 58 L 3 A s ] BE P v 7 471 28 14y fb =8 1
MBS 1 min 558 5 min MR FEM, 5 10 min M LR EE2 R B ER NS GRS, 5
BFRR 75 &4t .BFRR+MF J7 % F M # B R NLER S 5 min &hHE Ay I a] B i 47 45 R 2 5 2 WA B2 B Wi L
3 AN 1) B A7 AR 2 AR M ILZE 4SS 1 min 555 5 min A AP ALSR B2 KL 45 10 min IF B W3 2 5.
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5 BERR+MF Jr % 5 BR Jr ZAH I AUR B AT LA 10 min B2 2 & T BR 5, HARNUA KT 8.3 2% 5.
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. : 60
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2 30t =l i S
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£ 20t =
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£ 10 7
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O BR I BFRR B BFRRMF
1R 2. BREAMIL: 3. B ELUL; 4. B oL 5. e 3k )ULs 6. B ai L 7. HEMA LA K ; 8. ERB DL P 103k

P2 DRI T B AR S BT IR TLAIRMS 2 i AR 22 B

Fig.2 RMS and median frequency performances of lower extremity muscles at different time periods and swing stages
> A
3 W iR

3.1 MEHFERAMIE

SN {7 Sy L Ay JRE TR O Y B AT — A Y R PN ST {7 30 0 A R R OR AR R LA R 404 KU AR T 5
R KBS i 9 BR 7 S A . BFRR J7 58 T B8 T BCHE L i SR Oy SCHE 5 15 3l B B O 1y 1 3 4
01 BERES At B 2 I 0 X R BB BFR YN 2k B9 AIL LA S0 ety A9 1 7 PR i 75 P 3 10 Ay Jas 30 It S 40 AR T
W, 5l | LIS Sl B % 55 . 5 Wons S 22 11 B CRR L) 32 3l BAsE 3 A Jm) #0140 B0 358 0 A 38 7 0 of AR 2 ok — 40
S JULTE) S5 N A L LR TS R A 2 IV A A 22, 30 o 38 Bl i 22 50 S R PR ] iE— 25 i 0k 1 L2 B
B Y SR AR PR LIZ B B S 1 SR L PR 7 A O g A W W R 5 BT RO SR B A Y
SR I Sl e A

P RS B BOE O 1 AN R LS i A BE S BR D7 S8 AH H 2 2 B G 0. — 5 X AT RE e LA
Wae 455 3 5 WA 20 00 4 08 0 5 25 53— D T AT RE RTINS B T B R AR B, e ) S R — P
A B AL b 32 BN OGS0 R L5 i 55 T b AR R X AR A T R AT R B SO Y B O M B IR AR
A TR R P DG PSR E T O SR T S Y 19 IR OGN A2 B SR W L B R B e A B LA R S T
JEESETT BERR Z5 A5 345 Wy BB A7 519 135 20y 449 8 25 189 9 — 4 J DR 7% T B 2 65 v 9 R JUL 3 3l 3 7 986 7
JE T E I3 — R 7 Ml fE 2 BER I ZR5 5 1 50w i LA % 55 P2 . 2 A F 5 & B BFR 37 2 9 LA (i SEA
AR T AR TR L AU LR 4 i 2l 2 R MO A A ARG T B LAR 4 2 5 RN T g
A 2P 7 25 A 7 A0 11 o R S RO S o AT DR 5| A ot - UL PR 55 . 60 2 DA B AT R0 M % o T S A T L AE
IR 55 T T 2 B 8 R O Y st A JBE A 0D i /0N IR Bl ) 4 o B2 it b BERR J5 58 42 8 B B ok
TP A R A L B T B R RE L T BER VISR T 00 5w 8 07 R R BT B, D O O 2 S BUR N BE A
B RO T S B B OGS B A R 1 e T B el T /N MR UL A 55 B BE RS 4 4
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il B 7 055 r S B AR IR 56 YT SR SR O T T B ok 498 in e il A RE AR R 07 IS S v RE ).

Ty — 05 T AW SE WL EE B ST W I 5 R R S8 B E R R T BFRR 48 F M i i i is sl R,
H5 BR Jr Z A TJC 3% 22 55 HALGI a] GE7E T B & 75 1 FH 3l 2500 0 B it I B B 1 T S st AL A 4 JUL 1A AR
o7 KA 47 il 1% 328 2y Bz JoT SR AR Do s v bR e 28 R G0 X BSOS B i L A B LR 132 B 2 S8 MOUSAVI
S50 FH S B A 55 R A5 R 9 PTG E A Y B R S E T PN B R R s A Bl 3R T AR 4
57 1T S S A 5 R st R TR G T R R B bt R S G T B A SR BRI T R AR T R
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Effects of a real-time monitoring and feedback system on lower
limb joint motion in runners with blood flow restrictions

Pan Weimin''?, Wang Shilin"?, Yu Jiale’, Liang Xinwen'?, Chu Zhiwei

(1. School of Sports and Health Science, Xian University of Physical Education, Xian 710068, China; 2. Key Technologies of Sports
Intelligent Equipment Shaanxi University Engineering Research Center, Xian 710068, China; 3. School of Artificial Intelligence,

Xidian University, Xian 710071, China; 4. Xian Weisu Intelligent Technology Co., Ltd., Xian 710000, China)

Abstract: [Objective]To explore the changes of lower limb kinematics and myoelectric characteristics of runners under
blood flow restriction (BFR) under real-time posture monitoring and feedback system. [ Methods]17 novice healthy runners
without BFR training experience participated in three running tests with different programs. The first test was simply under the
blank running(BR) condition; The second test was running under BFR(BFRR); The third test was conducted with real-time
posture monitoring and feedback running( MR)under BFR. The peak activity angles of lower limb joints of hip, knee and ankle
were compared with the EMG parameters of the main muscles of lower limb in the three tests. [ Results]Compared with BR
scheme, the peak angles of lower limb joints of runners in BFRR scheme were significantly increased, as were the range of
muscle activation degree and muscle fiber recruitment frequency. After using real-time posture monitoring and feedback, the
lower limb joint peak motion Angle and the above EMG parameters were significantly reduced in BFRR+ MF compared with
BFRR. [Conclusion]BFR training will lead to excessive motor performance on the first application, but the real-time monito-
ring and feedback system will optimize motor performance and reduce the risk of sports injuries.

Keywords: recal-time feedback system; blood flow restriction training; running; kinematics; myoelectricity
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Fig.S1 Composition of real-time monitoring and feedback system and placement of lens and camera
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Tab. S1  Selected muscle name, electrode placement position and direction
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