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1.1 SR

FHZEE A IC S W M f B B K 2l 3 W A TR, 08 T G sh e e, i 1 8
B 3 1 BEAG IR (SDT ) 58 J 0 1 , 5 240 A JC i R H AU ¥ I8 I8 IR 8 3 ) B i 1) 32 8 16 Ao 320k
FHFHAER (23.241.5) %, 8 55 (175.842.5) cm, FI A E(75. 1+5. 8) kg,

SDT 3 >R FH WG 4% 7 ff /7 %8 (3 LB/5 LB) , il bl - (1) Z B2 W SD iy br b SDT
UL (2) T BUSE B A E L 2 i =5% KT (3 LBA1. 3 6kg, X I 68. 1 kg (KT 2%), Al i & JH
Iz 3l S H RRAE .

SDT MR i A2 AT« 32458 B S A, $5 PR T 4 2 R AR R A4S, A 41 (1R <<68. 1 kg) , WF+F 3 LB
WE%% ;B 20 (IR H =68, 1 kg) , WFHF 5 LB ME4S . UK 58 Wi oed AR 18 A0 e -5 B sh A/ (15 /43 ) A O IRk T
HJE - S AE (15 /5 ) o FEJ5 MWL EEE IR B2 sh Bl . R A Kibler ™' U8 23 J8 7L 974k, T BT
gt I A (Mg ih) 1A (o g 4 ) (VAL CIE R ) .

W3 A %% A 45« (1) polar H10 074, [/ 2 R 48 0 % 5 (2) Noraxon J6 £k 2% T AL HL I & 1% , Myon
AKTOS ok LMWL DT RS, 16 T3 (3) HAh TH il i . 75% LB I J) BEAE AR 85 70 BLi
)& .3 LB Al 5 LB WEESAE AR 4k SC g0 i, 5 Bz a2 R i OG5 8 B 7S LY - B &b IL(UT) |
FARTILMT) VR RS AILLT) X FALAS) . =MW R (PD) . =M ILATHR (AD) .

1.2 FREBREMWFTE

FHEI B 030 o 5 2 0 JCH AR 7 A A B, B A A i B 75 %6 1 s RS X B JEk 2R A7 88 4K, 1 1 Bk
AT I 5 R0 U LA RN U A7 LR 1
1.3 BHREMASEXEEFEKELEN K (MVIC)

He R AR WA W LA D B 7R (LR DAE MhrfEf S I, 2038 78 e 0 A B R I, B3 B AR LA
M 3 W, e KK s 5 s, IR E 30 s, B H LA MVIC 3K 2 [ 4K &, 2 min.

x1 BESREMNEXRBRIA MVIC WK 3R B A HEMNALE
Tab. 1 The position of electrical signal acquisition and the position of MVIC test action and resistance application to the target muscle
WLPY 2 R HL AR Rl OO o N30 1 R By i fn A7
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1.4 BEXRE

TEJE KT KA 90° B Fealh b, 43 590 2847 JF B A0 P4 B R RP A OO T 8 IS R SN TE B . B S A
SERL 3 WA L Z I E R E 1 min, 770 R [ 25 B 0K 10 K /min(G# 1 Polar /0 R4 SZHF W) J5 |, B
AT T —I 3 4E , FI H Noraxon Jo&k Z& 1 AILHE I &4 , Myon AKTOS TRk R WL 5 R4 (16 F)
AT REZ A Bt B e O R B ALA A BB AF S, B IUCRE 5 s A RS R4 31k,
FREZRXEBHM UT MT . LT.IS.PD.AD M LHE{E 5, REM RN 2 000 Hz,
1.5 #HiELE

B WLHAE GEMG ) by 75 — B i (8] P9 0 &2 549 LA 9 328 3 B 5 R R 405 2 O AR R B (RMIS) ) B TEMG
(47 B850, B AR A TEMG (948 RSN o R T SR B2 04 5080 AR I 4 7 e K B 2 45 Kl (MVIC) i 47
PRUEACAL R, DRSS 5 2 0 R NGS5, R 2 7 SR E 1) K/NEFE 2 5 AT H AR
B, R MVIC A5 o A6 Ak 1S A9 WL A DL BR 22 5, B IEMG % = (IEMG 4.4/ IEMG,,,..) X 100% o X}
UT .MT .LT.IS.PD .AD B UL {5 5 Jc #4745 18 8 il 4 B . o538 JE 9% 10 Hz(Z % Noraxon B Jr @1
KT B v AR SR 9 FH T 08 R R Bk -H A 32 Bl PR ) I 8 % 800 Hz (T L BRI RGN 75 ) s &8 2 Uik
B IG AT A 50 ms B FSE AR WU R A ILHS (R 3 5 AR IR R L DTk R DL KR T L
(I EAE R PD 5 AD 05 H .

R WL FEEH (Tsyn) : FIH UT IERALUA EHERR L MT LT 1E 8 AL EE R LA
P o K X B 3R DL 100 %6 45 A X6 2 (%0) " o KT 100% BY(E e UT LR 06 M4k, & 1
100% My e UT LREPEOE T MT A1 LT LRE M. 4 UT & 260, L UT:-MT UT:LT {4
51 0 H B 56 Z Ok St H Ax st 7 X R B R e I 2k R S tuE > 1, T RE R B8 I R e Pk 22 L
1M BU8 W82 3 5% 5 IE<<L, U B AR s/ F &5 L BRI e R e
1.6 SitEHE

% H] SPSS 26. 0 #4758 11431, % ] Shapiro-Wilk 46 56 56 TE A8 E 250, 45 5 SR T A 28 B i W
R 0.92~0.98,P=>0. 05, fF & IE &40 5 R A MH HAn e 22 AT e 1Tl 3 | [A) BF R FHBE X ¢ 46 36 Lh A8
TEEE S P BE A T 4 S ENLHR S8R 4l 22 5% o 5 8088 A 7 & 1E & 4 fi (Shapiro-Wilk £ 56 P<<
0.05), 2k H Wilcoxon £ 5 kA 46 247 b 78 43 #7 o

2 HRAM

2.1 EREF AENETRIEE

Fr4E 5 B2 T B TEMG Yo g5 15 (36 2) R (D PBIBEE B#Esh &4 F,UT LT . AD
IEMG % b A8 T4 JH 48 (P<<0.05) ;)8 L& ahfErh PD 19 IEMG 76 58 25 0F B W 0 3% = T M %
£ (P<<0.01); (2) M4k )E T Mz st , LT . PD 9 IEMG % i E % T R85 8 T F(P<<0.05) ; 4% )8 T
FEh7E T ,AD ) IEMG Yot 2 A8 T P8 JE T B (P<<0.01); (3) JH i B i8 shf 4% 4514 F ,PD IS Y
TIEMG % Lt R4 45 14 f 25 FE AR (P<<0. 05) 5 (4) %8 J5 4 iz sl i, PD (19 TEMG Yol i 8 T 48 J5
45 (P<<0.01); MR G 468 3 44 F LT IS.AD 1) IEMG % & Z K T F 4% )8 J5 46 (P<<0.05) ; (5) 4]
BEJH LR sh & 4F F UT LT .AD i IEMG %W 2 % F I 658 b [miE iz 8l (P<<0. 01) ; %I I
[l gz sk, MT \PD () TEMG % i &A% T 4% 5 L R (P<<0. 05) 5 (6) 858 T Il g iz sh 2474 7, 1S
1) TEMG % &8 &K FIHF 858 F WiE (P<<0. 05) .
2.2 EBREF AENETHARE

TFHE 5 PE ST 03 07 BRAE (RMS) Z5 55 He (36 3) s - (D) 58k R FRAH H, FFAE I LIt sh
e LT A AD .RMS B & THISEHE F#(P<<0.05) ; P4 F F4£311E PD # RMS # B &5 T
PIEE 25 (P<<0. 01) 5 (2) JF8EJH TRz shit , LT 9 RMS 3% & T 14558 TR (P<<0.05) ;)8 TREahfE
o PR R B AD 1 RMS At B TR BE 4 (P<<0.01) ; (3) A AT s fE i, I BE 4 1F F PD IS
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) RMS 8 3% F 785 45 (P<<0.05) 5 (4) A4 JH 5 4ii2 8, PD 19 RMS & 2 K FIF 4855 J5 40
(P<<0.01); 4% JH Ja 48 sh/Eh IS AD 19 RMS & K FIF 4% ) Ji 46 (P<<0. 05) 5 (5) M 85 )8 I [l jig iz
g, UT LT . AD A9 RMS # 8 K T 48 L B R (P<<0. 01) ; M4 JF I g iz sh ik MT . PD ()
RMS & % T 458 L 1015 (P<<0. 05) ; (6) Mk A T [ fiEiz shxf IS 1) RMS ¥ i I8 T4 8 T 19
Ji€ (P<<0.05),

x2 FAHMETERIMAKN IEMGY%

Tab. 2 The IEMGY of the target muscle under the opening and closing chain movement %

NS S ESpii EiR TR Tl F EEG] - T i
= OKC 0.96£0.42 0.32£0.39 0.42+0.23 0.7140.35 1.04+0.35 0.52+0.34
ot CKC 0.73+£0.24" 0.2640.30 0.4140.21 0.5740.22 0.49+0.26" 0.3840.21
OKC 0.3540.18 0.3840.13 0.374+0.37 0.4940.17 0.644-0.35 0.474+0.27
M CKC 0.340.20 0.3440.16 0.344+0.27 0.4540.26 0.32+0.26" 0.484+0.31
= OKC 0.154+0.10 0.64+0.18 0.16+0.14 0.674+0.28 0.624+0.21 0.54+0.28
H CKC 0.09+£0.06" 0.44+0.17 0.1540.11 0.49+0.29 0.27+£0.23" 0.54+0.35
. OKC 0.3340.13 0.384-0.36 0.65+0.70 0.4640.30 0.6040.61 0.43+0.14
'S CKC 0.25+0.08 0.264+0.13 0.47+0.59 0.27+0.12 0.30£0.11 0.30+0.19°
OKC 0.25+0.12 0.43+0.57 0.35+0.10 0.3840.37 0.484+0.38 0.34+0.52
b CKC 0.13£0.08" 0.27£0.35 0.23£0.14° 0.20£0.29" 0.14+0.08 0.15+0.12
AD OKC 0.1440.08 0.1540.14 0.1140.13 0.1040.10 0.2940.19 0.08+0.07
CKC 0.09+0.08 0.08+0.11" 0.074+0.06 0.18+0.13 0.04+0.02" 0.1140.09

o3RRI EEXT L 22 7 B 3, P<0. 05, xR /R 22 F M i 2, P<<0. 01; B A E X8 hrfE 2. T,

®3 FFAEET BFRAMAK RMS

Tab. 3 The RMS of the target muscle under open and closed chain movements

WP mahk iy o7 TR HiE% EE] -l T [l
OKC 0.9640.40 0.3240.36 0.4140.21 0.69+0.26 1.03£0.34 0.534-0.34
vt CKC 0.754+0.24 0.3040.34 0.434+0.21 0.65+0.31 0.53+0.26" 0.4040.22
OKC 0.36+0.18 0.39+£0.13 0.38+0.38 0.51+0.19 0.660.35 0.48+0.28
M CKC 0.3140.21 0.4240.31 0.3640.28 0.50+0.29 0.35£0.28 0.504-0.32
OKC 0.1540.10 0.6540.18 0.1740.15 0.69+0.29 0.654-0.21 0.564-0.28
tr CKC 0.09+0.06" 0.49+0.18 0.174+0.12 0.51£0.30 0.33+0.29 0.554+0.34
OKC 0.33£0.13 0.39£0.39 0.65+0.71 0.47+0.31 0.61£0.61 0.45+0.16
S CKC 0.26+0.08 0.3140.22 0.49£0.61 0.28£0.13 0.3340.14 0.3140.20°
- OKC 0.264-0.13 0.4340.57 0.3740.11 0.39+0.37 0.494-0.38 0.354-0.52
CKC 0.14+0.08" 0.3140.37 0.25+0.15 0.21£0.29" 0.16+0.09" 0.1640.13
OKC 0.14+0.08 0.15£0.14 0.11£0.13 0.10£0.11 0.30£0.19 0.10£0.08
AD CKC 0.1040.08 0.09£0.117 0.0740.06 0.18£0.14° 0.04£0.02" 0.1140.10

2.3 BREF AEIMETIMARIKE

F* A EESIAE T B IR LR DTSR ILER 4. UT stikRAE 178 LIRS VERT, B2 1R T Drmk % i 3%
i TR (P<<0.05)  JBERI sh /e UT M STk, P EE S5 00 T 19 UT 51 ik 3 51 55 2% 10 A b 25 3
Z(P<<0.01). MT TTHRRTEE M@ 90 Ry B ali & , #E47 )8 A& MR T [WBE shAE i, P 8% 55 MT 53
R I 2 S T I AE 45 (P<<0.05) o LT STHRRAEE W RTR sh Ak, IS B AT RS % LT A 3s B & K
T 85 A AT #% (P<<0.05) . IS STdkRAEJE b | BE sh1F v, P4 4500 T 1Y IS DMk R 3w T JF 4 45 1
(P<<0.05). PD WYTTHR2, B I B J5 48 shAE b, P BE 45 08 T 19 PD BT #k % 1 2K T JF 85 5% 1 (P<<
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0.05). J8 FFE 8 L mIEShE b, B8 40 T B9 AD 57 Bk 5 5 4% T P8k 4518 (P<<0. 05) 3 8 = 4 sh 1
o PR AE S T AD BTRK R W S T TR EE AR (P<<0.05) .
2.4 BREF. AENEDRFIHEER

IE A EE SR T AR T LM RIE I (Tsyn) W% 5. 7E 4% P EE S5 F B g ATz g, UT 5
MT B UT 5 LT WA, EWA AN B TTR EN2ZS . BEBBEMNE THREZE3H,UT 5
MT W HAE UT 5 LT B AR S50 358/0 T 1A R T2 38845 LA 09 U R VE T, e sl AR 3
A AT LRV LA A 6 T8 38 5 W ORI 2 A BURAEH . JH I T R igis shal f op, 1)
AT UT 5 MT WA UT 5 LT B HEB/NT HEEE 1,845 F UT 5 MT @ I{E . UT
5 LT WIIEKRT  HEE L, sz s e T R 7 LR T AR R R 1A 2L

x4 FAEEH T BRMAKHIEHE

Tab. 4 The contribution rate of the target muscle under the opening and closing chain movement

WK B gh2en L4 TR Hi % VEEG] i [l g
UT OKC 0.32+0.10 0.094-0.06 0.144-0.06 0.2040.05 0.22+0.05 0.1840.09
CKC 0.38+0.17 0.10+0.08 0.20+£0.07" 0.2440.13 0.2640.08 0.1740.09
OKC 0.13£0.05 0.16+0.07 0.1240.07 0.16£0.05 0.14+£0.05 0.18£0.07
v CKC 0.15+£0.07 0.1940.09 0.154+0.06 0.190.09 0.19+£0.12 0.21+0.08
OKC 0.0640.06 0.26+0.06 0.064-0.05 0.22+0.08 0.1640.05 0.22+0.09
t CKC 0.0540.03 0.2640.11 0.08+0.05" 0.2040.09 0.1340.05 0.2340.12
OKC 0.11£0.03 0.13£0.08 0.2240.17 0.13£0.06 0.11£0.07 0.17£0.06
S CKC 0.13£0.03 0.13£0.05 0.18+£0.13 0.11£0.03 0.17+0.05 0.12£0.06
b OKC 0.3140.16 0.28+0.08 0.4140.17 0.264-0.08 0.2540.08 0.2040.11
CKC 0.22+0.16 0.27%0.14 0.34+0.15 0.14+0.09" 0.2140.09 0.2040.17
AD OKC 0.07£0.03 0.084£0.04 0.0540.02 0.04£0.02 0.11£0.07 0.05£0.03
CKC 0.07£0.05 0.04+0.02 0.05+0.01 0.11+0.09" 0.03+0.01" 0.06£0.03

x5 FAEEIHHFTIHEER

Tab. 5 The trapezius muscle works in synergy under the opening and closing chain movement

LA 15 A a7 TR Hi # J& 4 R E) T [E
Urr | OKE 3.04+1.89 0.64+0.46 1.59+0.98 1.4040.73 1.7240.69 1.0040.64
CKC 3.06+1.52 0.61+0.54 1.57+0.81 1494088  2.034+1.32  0.9240.59
v | ooxe 9.3046.47 0394032  4.0242.79 1.10+0.68 1.67-+0.90 1.1140.90
’ CKC 10.65+7.07 0.59+0.70  3.61+2.94 1.58+1.38  2.394+1.61  0.9240.59

2.5 BREBEF A#EIET=ZAMNE=RENLHE

JE BB B I P BE A2 B b IR R A5 1E T B9 )R IRE RS FS 48 sh AR R, PD 5 AD 9 8380 5 2 3
THIEE AT (P<<0.05,% 6) . PD 5 AD 3L H AR, 768 & /3% sh A ik B iR Ok, S /s e 7 6
AN 90K AF T T BEJE AT AS S A n] LIRS = ffJa WUAY I 25 T B, J0 L BE X A7 78 [B1UR MR 25 09 A 1%
S AE BRSO M A B = A UL, AT B0 = A AL = S e UL el o R B 26 T R IR Bz 3
I, b B i G [ %€ SCHE SR 58 ilds 2 2 LS 5 il IR Uy i, 520 PD 5 AD it
(el Wi 27 34 o, LARGE JH B o 5 Pk as Sl A LU, TR R 5 0 N iz sh Bk = P& )~ o o 4R e R0
KA AR T ST RGE 1, By 1k A I i RS 7l e 5%
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3 i
3.1 B FRE I 5% 15 3h AL B 4 AiE

FEIE F I Zxrh, S UK UL, 40 UT \PD  AD 45 3 1 R JJLAE 8 00 Bl Z 4 389 o 2 1A RE I 2 4 22
FIAR . BEXS R I 3 1 BEfG (SD) R 5 415 | b 52 UER-a Ak (UCS) S5 WL 2k 4 4 A 38 1R) R, e 52 )11 2%
1 S B K B2 )R AR LT P A o AR s o AL ) 9 4 a5 T SR R L A UL 1A A A o B T A
SN DR SR A AR E ILRE B TR B 2 U'T VAD A5 R LA R i 5 S R PR T I 2 LY AR v 32 3
SRA AR IR URE [E] Db 5] T A = 00 AL R BB 52 Sh PR A B FE T a5 o 3k 1 R TS R AR WL B RO S B
18 B A TR R 2B SD R AE AL AR — 2.

x6 FAAEFMEGET=ZAMAM=RAENEHFLN S5 WERFXIE

Tab. 6 The co-activation ratio and 95% confidence interval of the anterior deltoid and

posterior deltoid muscles under both open and closed chain conditions

i B | iz 87 2 P L B XA
T4 5.27+3.63 (2.97,7.58)

TR 4.99+3.34 (2.86,7.11)
JE 6 (OKC) %% 9.56+5.28 (6.21,12.92)
J& 4 8.5344.45 (5.70,11.36)

- Il e 3.76+2.55 (2.14,5.39)

1] e 6.0544.99 (2.88,9.23)

148 4.154-3.73 (1.79,6.52)

TR 6.80+3.54 (4.55,9.05)

HIBE (CKC) Hi % 7.5443.79" (5.13,9.95)
J& 46 3.2545.04" (0.04,6.45)

e 6.62+2.45 (5.06,8.12)

[l 3.56+2.40 (2.04,5.08)

A 5T 8 2 XF b OKC fl CKC 28T V8 &35 K F A1 e 90° i 8 I i 32 sh 41 , & BLS W -5 78
CKC N, &5 LA K T OKC,CKC % T SD AREMMKE HA 855 X, CKC B FiEsiEh UT
(1) 57 k2% i LT OKC(P<<0.05), $i W] CKC Al THI6] UT & TG . J8 PRz st UT:MT Al
UT:LT BE/NF 1,3 7R teit &5 LR D R] TAE 68 7135 BI0EAE %48 sh Xt MT LT B30 /5 H 3 8
Z,UT BB, Tsyn /E FH 458, 3X 5 Camargo 25732 A “ 7 LR R I B8 — 3, X — &
BT A S B A (I UCS) R A HEHE 52 X USC M R K LR 7 IURUS IR 82 N0 i B
PG AR R R LR AT LA TG sh AR RS X AT RS B ARShAE R AE S T AN 90 A& T T A
5o Kara S RIS ARUE SE, A4 7 LAY 6 oh B B Rl 25 R A0 R AR R 0 3 s £ T, A AT R AN 457,907,
JAAME OB, UT:MT 5 UT:LT MEEAR, X 3R E M-E 2 2 10 & 46 A B2 52 Tsyn 1Y 8 2R
PO R AR w L AR JE I 2 A — S i A1 E AN L A R Ok 2 R R W T T B, DA SRR IR = A R
HE R AR R SEATE PR R L g s UT:MT UT: LT ffE 3% 5) , HEK
AALALHG S VEA B 7= 1 1 2 R, 30 5 JH SR A 90" MR UG 7 51 & UT MG A %
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T UCS B#mMRE I %o 8 b e LU TR 8 SR B A 198 IR E4& L B migiz g, CKC
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EH T CKC(P<<0.05) , #&/~ OKC Hid HF IS 558 #h URE /9 &F X i fk )l 2. X — 453 58
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5 A0 T 55 URE , BT 9 PD AR UL ENURE MG BB . R PD 5 1S WLIA IE) 9 A= 9 ) 24 2K Al 2 B 3R )8
AR5 1 G, A SR R R TS AR ILRE T L R OKC 8RB B 0 T CKC, H X T8 it 1 R &
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(132 2 -4, X T i 3 0 B TG A SRR .
3.2 ZRIMKRE=ANEREMFISFMA
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JRHTEE MG 4512 shh PD 5 AD (e 6 & B 2 PBE A5 44 (P<<0. 05) , Ju 27 B i A h 1k
FEPE A IR B K (9. 5645, 28) 0 X — G 0 B8 5 T 5542 2 ke = 3 vify [ o S A 56, b JROR o 7
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FEHIN-AD B R 4 B2 . W98 2 B, Y 0 000E H (B2 1 i, Seam R M . ARBF SR b, P
JG4iia s o (3.25+5.04), i F K T I 85 51 19 (8. 5344 45) , & W M 4k iz 3 05 F) T 45 = £ L 89 i
T, AT 186 5 J OG5 19 R 7 L 75 & Begalle 554 H A9 “ JL0S AL FRIE 7. % & BEXT UCSCan 3 5 14
B BA EER THE, FRERSEH LN PD MU R AD i B #3IE M FRE . 82374
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PO AR T B ILCIS) 55 8wl LRE R D e &2, 0 IE T b 4516 .
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Electromyographic Characteristics and Rehabilitation Optimization

of Scapular Open and Closed Chain Movements

LI Chunhong, ZHANG Guizhong

(Institute of Physical Education, Inner Mongolia Normal University, Hohhot 010022, China)

Abstract: Healthy male college students were recruited for the study, and subjects were screened using the Scapular
Dyskinesis Test (SDT). Selected participants underwent experiments involving scapular elevation, depression,
protraction, retraction, upward rotation, and downward rotation to investigate the IEMG, RMS, muscle contribution
rates, and muscle group coordination of shoulder muscles during scapular movements in both open kinetic chain (OKC) and
closed kinetic chain (CKC) conditions. The results are as follows. (1) During scapular elevation, the activation levels of
the upper trapezius (UT), lower trapezius (LT), posterior deltoid (PD), and anterior deltoid (AD) under closed kinetic
chains are significantly lower than those under open kinetic chains (P<C0.05). (2) During shoulder depression and
protraction, the activation of LT, AD, PD, and infraspinatus (IS) under closed kinetic chains is significantly lower than
that under open kinetic chains (P<Z0.05). (3) During scapular retraction and upward rotation movements, the activation
levels of the posterior deltoid (PD) and infraspinatus (IS) under closed kinetic chains are significantly lower than those
under open kinetic chains (P<Z0.01). (4) Under closed kinetic chains, the contribution rate of the upper trapezius (UT)
during scapular elevation and protraction is significantly greater than that under open kinetic chains (P<C0.05) , while the
contribution rate of PD during shoulder protraction and retraction is significantly lower than under open kinetic chains (P<C
0.05). (5) During scapular depression, the ratios of UT to middle trapezius (MT) and UT to LT under both open and
closed kinetic chains are less than 1. The study indicates that open kinetic chains (OKC) are suitable for strength
enhancement and targeted muscle activation, while closed kinetic chains (CKC) are more advantageous for improving
muscle synergy (UT:MT/LT<C1), reducing compensation (inhibition of PD), and enhancing stability.

Key words: open kinetic chain movement; closed kinetic chain movement; scapula; synergy; movement imbalance
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