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1.1 #MRIIFH

FIH G-power SR FEREA R SR 2 X4 S &y 20007, ZHOE BT A8 &K 0.6, =0.05, 48
THIRC R 0.85 AGTEFEA &R 6, A 55 10 A LA R S itk i ) H S5 R F Bk 10 & 5 F IRk € Iiis
LRSS R DEMER 1T RM (1 RAT DL 28 19 i K BT i) (repetition maximum) 7K P % 203k 3] 7 B {k
Bty 1.2 f%:2)3 4L R GRS s AR EMENER AR 32 A NI sh i . 2 & FE A 50 50 A
$O P B sl A A 0 R B 2 Bl I R TR AR B AR O A — B[R] B T S 0 g R A A AT T b )
TS B e 7 I B 2 45, LA 3k B S 50 B O U0 oE B L I BF 5T R A5 B DU B B S B 2 B A
(2022026) , i A Z & ) H B S 5 A5, 8] B g5 603 56 5 R wp A 22 4 1 73 = 00 R 0, 224 il 28 28 RIS [
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Tab. 1 Basic information of subjects

i) % B/ cm IENG A3 JH I 5% /cm 21 /cm 1 RM/kg
21.84+£2.33 185.41%3.51 7644.23 42.61£2.41 83.07£6.41 84.21£12.51

1.2 HRFE
1.2.1 SRt 5 R

AL R A 2 COm A« O 34 SR AR D X 4 CHff 25 5 RERR g 0, AE XS BR B far 290.4%6.6%6) 1Y
2 R 256 3T

S AT 4 Tl AN [ G T FIURE A BN DI 2 L A2 3 0 Sl A 0 BR 67 47 (0D L AR XS AR BAAT 206 .4 D0 il 624
TIT #EA TP AR B I 2R AN [R) AR X 2 TR Y 58 5 S SR BB AL D 0 o H 0 BEL I 25 2 38 i A 3R 1 UL AT 72 9
AN T A 2 P DI 2 1) s ] ] B i ok 72 .

A TR 2 R £ 7 52 70 76 RMCKS A 3] 0.5 k) W™ 4 B 1Kz 3l D3 B9 3K 10 7 8 0 o U I3
S S5 A Ay A L A 4T DR A 0 e 8 Al DA A £ 2 Sl X AR A A L A2 3 A B T TR
R HEAT 7 YCEMEN 4 BT IR 5 S RERR 6 A (0 L AEXTBR LT 296 .4 Y0 F1 6% (AN 70 kg 1 2 %6 AR X
FR A P AAAT 42 F R 24.75 kg, AR HMFTAS Aol 25.25 kg MRILEHE KB R 0.25 kg AT R 20 ko).

TEIER LR 72 h Af A7 EME T RM KL E X S0 86 2 K, 2R 2 0 #F7  & 46 5 min FRifE A5,
5 minT WIS, 3 min HARNUBEZHL 5K . D HA LA &K K B 04 (maximal voluntary isomet-
ric contraction, MVIC) B B L HL 0 12 , 43 45 00 S5 70 A A8 35 4 E FSOUL A BE = 3k WL Cericeps brachii, TB) \ =
£ LRI IR Canterior deltoid, AD) A% 0> JUL P g K UL (pectoralis major, PM) F1 i #b &} L Cexternal oblique, EO)
8 HALA 525 min J5H#E AT AN [R5 2 A Rb4f 2 180 UL D0 5 3) R I3 285 o F5 B 200 a0 47 32 00 9 55 B ) K
(rating of perceived exertion, RPE). fg i Z 1 & PR LI I 2 60 min, H A I ZREHK 2 20 min (G5 $4 5
Je BMEVI 5D S50 AR 1A 1.

1.2.2 SEE AR OCHE Al i

FiMfE 1 RM WAL 0T A 32308 76 SC 80T 72 h #E47EME 1 RM AL O 52380 52 DL 1 3k i 2 1 RM 9 80 %

TR TF4h AT 1 O RN PRSP S8 3~5 E A MR E, 3 min J5 347328 44 67 o b 4 Il 2. @ I3 N B3 7E 131
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Fig.1 Flow diagram of experiment
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REUI 2k & Kt 1T 248 S B

MVIC 3 FE 9255 T 10 min P BEFT R Delsys Jo2k 11 JJL L A5 5 R 42 R ot HARNURE#EF T MVIC
JUHS AR 5 R A A i B O T2 ORGP B 2 TR B 5 TE LI A% 8 R 380D L O T ORS ¥ 0k, LA B AR K IR T BHL
PRI AL A R AT B UL R PR 3 T 2 3 A SO R A R A ol = 3k UL L = A DL 5 B R JUL 0 40 kL
I8 HLA b HARNL B S 2% SCHRC 14 OB S & S2) AR B LA E AT 2 I, A R R R e 8e k J1 3~5 s 1Y
MVIC 3, B HAR LA MVIC HARDK D7 iR s SENTAM A& )51 647 it 77 125 L B s 181 S3.

D =Sk LK SO MVIC: 32305 4b T0F B A2 047 e 17 28 4N 48 Tt A sl A o DR Ap RO NV &2 120° 3k ff
K I B AR A Zy , 88 5 F A T3 /N S TR ik 3 N 53 76 00 5 J7 it X e 77, B Rg 3~5 s RN =L LWL
g2 = ANUETR MVIC. 2R & (P EMEEMESR b TR R RS 98 T I8 B 4P AL 88 AT 7 & 5 I N LA &
i ™ BT, 2 E R A Sy AT I EHEZE R 3~5 s, SRAR = ILET AL A B . 3) g R
MVIC.: 523 # B AL 7E W 85 e M B, $E MW i, 8 Bty 7 i R 674 R LA 1707 9 IR A ik A7 S 42 g 3 iy I
IREFF 3~5 s R KWL ESE. O BEANRINL MVIC.: 3238 w3 A7 T I8 1128, TR 9 £ 17 00 5 0l i &
TE 77 H B K7 TR b2 B e i K2 45° , ) ish 3 N 53 76 M /S D7 1t fin 1] S J5E i X 40 7 o IR 3~5 s, R4
JE A1 R L 25 4R

B I 25 3% 0 LR IR T 5 MIVIC I 5t mh A ] 9% 24 o0 L H 2 e 1 SR AN [] 7 B A A D6 Ak A7 fir B X6 R
A7 R A B, O B K A O i 8 B B Aw LA 1 3% T LR AE S BN HE DI SRk B R R] 2P OR 4R R EMG
works Analysis 4.0 43Hr 5/ 6 R 4 2 09 JF 4R WL AR 5 64T 8 ~450 Hz 07 i I8 37 b # A 4 3% 300 . JF 1
B HARLA A Z T UL 7Y 34 J5 R (root mean square, RMS) , ¥ B i T 45 1) L e RMS B L MVIC )
RMS #17 WLHL bR 1 1k AL 2.

RPE 009 55 B2 M. 76 BN I 2505 . 3 B X 323038 #5471 RPE (LS R 55 B2 77 43D (CR-10 53 3%).
RPE J&—# iz il Tz sh Bk i TR T 9P A SR TE 12 3 i 72 vh B 852 ) 9 98 55 72 B2 AR 38 Borg $i2
i) RPE & 3%, 20 & 7] LURYE A BHREZTE 0~10 WS A H#EAT P2, Horp 0 RO “ IR #2487, T 10 I 5%
RCIUT TR AR EEIE 37 A UK 3 0N 57 B2 DY 43 A 6% s i A 67 ap LG BLIR S S BRLIT AT A 28 s )



134 T IR IL K FIRCA RAF RO 2025 4

iz g g
1.3 #HESITE

ARBFFER I SPSS 26.0 X &8 #4781 43 A IE A PERL 55 2K ) Shapiro-Wilk #5534 %R & 1IE S 4
i, Lh(x o) Fon @1 2 CIm 1 AR S0, 3R O $i)D X 4 (fa oy 22 5 X5 FR G far 0, JE X AR Gy 296 .4 %0.6 %)
A DN 5 5 2 43 AT 6T JUL PR VB0 R E R AT S8 T2 2 BT L R FH B DR 3R i A I 25 43 B v S UL 55 B IR 45
AT G534, S 2 MK R E R « =0.05.

2 H#R

2.1 AlAHERESTK

H 26 2 AT, 6T EO B0W 2 B Am M PE (F =6.754, p =0.002) FHEX FR AR E (F =5.542, p =0.043) 1 &
RN 2 AR DL B0 38 R B S KT U A R B (p<C0.05) o JAE X BR i far TG R B B K T R R B
PG AR (p<<0.05) s X HAEH B 3 (F =3.270, p = 0.036) , fa] B850 0 20 A1 8 7 o 25 A X AR e G Ao 7 28 384
B Sl I A0 3BT R A B 0 A (p<Z0.05) 5 T 4 38 37 2 3 52 T R 3, 4. 04 . 6 06 S iy 1Y) 98T A B AR
T 0(p<C0.05).AD Fl PM 3% 72 2 B M (AD: F =2.472, p = 0.15;PM: F = 2.234, p = 0.169) FHEXF Fr
TR (AD:F=1.863,p=0.16; PM: F =1.727, p = 0.221) E50% , XL HEAEH (AD: F =1.132, p = 0.354;
PM:F=1.076,p=0.376) &84 b 35 , (H H 25 SR S Bsf , = XoF ik 67 4y A 2 2 52 i UL PR 080005 2 38, B SR L Ny
0 TASF IS AD BTG FRE 5 T 4% H 6% (p<<0.05) , H 4 Y% i & T 2% (p<C0.05) ,0 i fif if A il PM
PG AR FE ST 4 %0 6 %0 (p<C0.05) 117 A A S A % 671 i 72 B85 19 JUL PR) 380376 P B8 TG J 3 25 5% (p =>0.05). TB %
T AR BE (R M (F =1.38, p = 0.227) FHEXF FRFL B (F =1.538, p =0.246) F% . & HAEH (F =0.537, p
=0.741) #BA 1 3.

£2 AEAAETFRATEMENGRAAMERENTL

Tab. 2 Changes in muscle activation during bench press training under different load interventions

T R F.p
WUIA 24 Bk T g5
et (x +6) P (x +6) i ] T ) X T 3517 =X

B =K WLCTB) 0 X B 1 faf 0.75340.110 0.68240.123 1.680,0.227 1.538,0.246 0.537,0.741
2 Y0 X FR 0.80240.121 0.66140.120
4 Y0 AR FR 0.70240.125 0.63340.115
6 90 AN X Bk 0.66440.117 0.60140.098

=M NLHT R (AD) 0 X B 17 0.789+0.106 0.94340.137 2.472,0.150 1.863.0.160 1.132,0.354
2 Y0 AN X FR 0.886+0.102 0.838+0.127¢
LA R 0.824+0.10 0.73140.099%
6 %6 AN Xt Bk 0.783+0.097 0.7384+0.109*

Jig A WL CPMD 0 Xof % 971 fif 0.9540.121 0.936220.082 2.234,0.169 1.727,0.221 1.076,0.376
2 Y0 AKX FR 0.98840.146 0.914+0.115
LA R 0.956+0.162 0.88620.110°
6 %6 AN Xt Fx 0.949+0.154 0.799240.115°

JE S FHILCEO) 0 Xof % 971 4o 0.274%0.039 0.3360.049 6.754,0.002 5.542,0.043 3.270,0.036
2 9 AN X R 0.47340.056" 0.22940.030%
4 Y0 AN KT FR 0.57740.066 0.20840.031%%
6 % AN XF FR 0.75240.0472b¢ 0.1740.026*7

HE:p<<0.05 B FRRH W EME ST (a o8 0 T 220.4% .6 % IEXFRGAT T B LLEL s b FoR 20 AEXFR A T Hi5 424 .6 0 AEX FR
15 T I LLEL 5 ¢ FoR 4V AEXFR G T B 6 06 48 X FR G LL AR, 2 2R [a] — Ak XAk S ir 1 1R 0 3500 5 4R I il Lo 2.
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22 FEMEFZSEMLER
B R 7 22 W48 R (3R 3) B, JE X FR £ g R B S 5% i) BN 485 AR JS 19 32 0% 55 B (F =50.64, p <<
0.001) o EL A& Ay F2 W09 57 32 I A XoF % B 4 2 B2 A9 385 0 7T 385 000, 6 D6 <l X B B Ay 1 1005 35 WL 57 B i 3K
T 2% (F=1.58, p<C0.05) Fl 4 % AEXF FR A faf T (F =1.49, p<<0.05) fH 2 % Fl 4 % A %F FR £ faf - 9 4% )t )
T EXEF(F=0.09,p=0.98).
*3 ZREINEFEITS

Tab. 3 Subjective fatigue score during the experiment

F 175 5 Xt B B A 295 BRI AR 495 Ak X R 624 AF X

rto 4.6840.42 7.3940.66¢ 7.6440.57¢ 9.28+0.59%

T p<C0.05 W RN A SB35 122 53 (a FOR X AR GUAT T 105 2000420 .6 20 FE X AR G045 T L5 b %R 6003
XEFR G T HUS 206 L4 6 JE X FR R T B ED

3 i i

A 5% DA BMFE X FR G Aar DI 2 1 & 5 43 B 3 Al I 25 5 X0 AR 3K G2 Bl D 00 JUL PR 9 R R R S UL 5 B
AYSZ R PR A4 B RMEE I 2R 8OR 22 5 BT 5 RN R X PR A7 T LB v R 0 3500 R A0 A0 UL A% 98 0s A2
AE X FR A7 A X A2 00 WL PR I A R )5 e R b IR LA v S5 R B (4 00 I I X AR 7 iy T T 4050 SR e £
3.1 EMEEBAE MVIC 5

Fib A S TR 17 407 i AU TB 00 A% B T 2 8 Ak AR, SCHRC 11 — 12 T B 58 38 B, <l X 97 £ T 30 8k
R TB AT AR R P 22 55 T B8 5 48 BE A [R) A 0% L 7 48 5 2 184 D& 1 J E , DATAT: B0 TB 300G
TR B o T 5 4 B O Bt 5 J O T 94 DG T R I B K, i LA EB LAE NS Bl B RYT U LARSEN A8UUR H
R IE (1.4 £5 )8 W B B P2 4R BE (1 1% )8 We B ) #EATRMEUIZR, & 3L TB LA B0 72 B 10 2% & 100 58 48
FE (1.7 % Ji W B 5 F 4 08505 P B2, ELYE SE 4R BE T . TB X 67 767 48 1 04 S8 A BURR .t 4, % [1 ) AD #1 PM L
DAL T P T 1) 738 A5 I R TR I A R 20D AD T PML 38T 2 B it 2 I 6 R S A T 98 A SF A 384 in T A A
H AR A 7R . 5 20 F1 10 0 B Al X FR G fa 1 190 43 501 451 0 2800 AD 38005 2 BE 5 25 R B 15.0 %0 F1 32.4 %0, PM
S0 2 R R 20,3 %01 80.4 %61 X F AR ERIE 3 51 TC IR AR IE AT B S AR, B SR AL BR S E L B0 E B R B 4
AR 6 AD Rl PM T SRAREL i B G ZERME DI 2R . AD S PM B #f28 JOLIR) 42 o s, DLALAR 5 X T AR X
AT RN G WA = e o S i AR TR N 17 e | X v R R Y /IR B SR i RS T AR
ELR A0 1 JUL PR ST R B S RIS A, ELAE A V0 R AE XS AR A far T AD LIRSS B 3K T 2 20 i B X 3R B
A Y0 PR X FR A7 Ao T B 85 AT 80080 RS ) e 28 L IR 9 o) B WL D) 25
3.2 EMEZOAE MVIC TH 5

XFA% 0 WUEE EO B0 18 B0 A 43 A7 2R B, AR A8 S0 Chn 2 WD EO 3036 2 BE Bl 2 JE X Bk 1 a7 T 10K /9 3
T o R L X5 H ST G R I — B O WURE VO B R 5 RN KT R AR A DG B 5 s R R 2
2y Jar A P A% o JUIL R F R A B AR X R A A T A AL A A A B AR I A BT 32 A g B 25 R
717 15 A T DR 285 4 78 A 3 B kg ST 1o o 8 A0 A0 e 00 . AF 5 2 T KT A AR E M A T L PR A I I A 4
1717 3¢ A i I e 246 S5 2 S A I R G 1 B 0 VB O RSk K ek a4 v S A B 00 i 7 Sk 4 THIE P L A
177 358 58 e gl e R BE 5 32 20 10 R 0 o O e 1 B R 1 1 R LD ol RE e o LUK e A A RS TR I, 2k
M EO 300E B2 BE 0935 m 5 LR s il 36X R S0 I B S 8009 98 T R e A 5C . EO RS2 & 1 e % 34 58 A% .0
DX B P R P o DA I DR A5 T AR A5 T % K T 07 B DT Ay 8 8 A ) B0 R 4 R 0 S SR A

AHFFE 7N o 4 Y0 A 6 0 Y KM IR X BR B far (o A8 320 CBEIRMD EO J00E R B 5 35 0% X AR 67 4o 177 I FE 45
M CMZMDEO Wik KV 25 & TR X — 458 5 SAETERBAKKEN 46U [ i 58 45 R A J5 & 7 it
11 5 %1 10 %6 BiMfE 3B X FR M7 J5 A& B0, E12M EO $L0E R B 1 T 8 35 22 5 R ) Z A 7E 1 AR WF 58 R FH I 02
AP0 A0 o A o 0 F 9 B AT L IR LA 70261 RM B B e 9 B R AT I 255 ) Saeterbakken A% A A #3671
fif » R 5 RM 7 i 58 B E A7 B I 25 5250 T 900 T B 19 22 55 AT g 2 a8 25 SR AN [m) 1) it IR A5 3K 02 30 I T 1)
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wtkiz gl , Moz shfe S A6 2~3 s B — B E, TR I BB 25 Je 1] X T 45 Sh AR 59 S A7 ad 78 o AT A 2R
SE 58 R KA U WLAHE A D A2 i v 0 JULRE 139 ot 28 JUL 1A 42 0 AS (S0 o 5t iz 2y v 65 A A 0 1 AR E & 3 BE A
A0 JUAE 55 FE A LAE =2 18] A4 P13 980 B5C & S 0F 5 8¢ W1 Al 08 Bk B 41 ok 0 35 A% 0 JILAE EO 3800 A B2 B9 52 1
K.
33 EREFEMRERSHT

TEDTBHIN S rh  RPE S — Bl 5 I R 55 3 2l 58 B8 1) A7 28007 T6 122 5 2R e W i 36 Al o Ak 67 1 ) 3%
i, RPE {8 % #i38 . Horp 6 Y0 Xt B 6 fif T 95 RPE (B34 & 2 K F 296 4 %0 J % AR g 1 151, 0 4 % A
2 VAR X FR A A T BUS B9 RPE (B2 W) T8 2 25 22 5 A 6 06 A X AR G fr 1 0T BE 8% 7 A B s A9 L I 80T 7
JE Ol 2 WL PR S B A {ELAS T U P A 5 T 2 00 4 D0 BRI X R A7 £ L X T R R Al X AR B A TR E A
B 2 1 i 22 L IR R 4 o R 7 1 I AL, 5 BB A 1 A e 2 A R A I R B A SR TH
A3 ft 28 L P38 7 328 80 P 3 0 B v o 8000 UL ) 4 B2 R0 UL ) k) E A SO R AR I i A b ) 32 W9 57
JE LAl R I 5 5 0 T PP DR, SR T RIPES L858 /0 (L X L 1A 38005 52 Wi 2 8 8¢ R ) Al % Bk 97 A+ 7
XBET 20080 4 05 AR XS AR A T 1 RPE fELJC 2 35 22 5%, 4 00 A 00 Bk S5~ B00F JUL 1A 980305 7 B2 ) 32 o 58K )
W R 4 00 A R R S T 00 T 2Rz 3 B S A A

4 ZESRE

ASSCEEE IR + 1) M AR T AR G T F50RT LA o 0 ki 2l 5% A O350 Chn 2800 12 A1 A4 UL A 98875 2 2 e
AR S50 DD = A LTS L3 A JUL LK K2 A At UL 380 o 52 A B 0L JUL £ 3% 4687 4 % o DA TG 42 s el
2 L PA RS AR RE 1. 2) NRE RN 2R3 ok T B A Al X A 7 A7 DI 5 %8 A% UL PR 98005 722 88 1) 52 e T B T L
T EL AP A AR (4.00) B9 AR X BR 60 A+ FUSCR B £ 3) I WL 57 R, A0 B 61 A B DI 25 i 1) 32 W9 57
SRR X R S A MR I .

ARWFFEAFAELL T R BRI - DBEFEAH S 5 Faz 8 5, AR PRSI WL D A7 e 22 5 2O AR AL 10 44
WEBkiz gl b1, R IEA [ K3z 3l 5 A LA 22 516 3) AR IR I 2R 00 Jim Ze AT 7 2E — 20 0F 5, 3R Al
351 H 32 Bl 57 U0 IR AN B ] R

B S 0 EE FRR (DOI1:10.16366/j.cnki. 1000-2367.2024.09.25.0002).
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Effects of bench press training with asymmetric load on muscle activation and
rating of perceived exertion in basketball players

Li Yuanyuan

(School of Physical Education, Wuhan Sports University, Wuhan 430079, China)

Abstract: To analyze the effect of asymmetric load bench press training on the muscle activation degree and subjective
fatigue of the upper limbs and the core muscles of basketball players on their dominant and non-dominant sides. Ten male bas-
ketball athletes were recruited for repeated crossover experiments in which they underwent bench press training with asymmet-
ric load and no load interventions, respectively. The Delsys wireless surface EMG signal acquisition system was used to record
the muscle activity of the dominant and non-dominant triceps(TB), anterior deltoid(AD) . pectoralis major(PM), and external
oblique(EO) muscles during the bench press. EMG signals from eight muscles and subjective fatigue were assessed using the
RPE scale after the bench press. A two-way repeated measures ANOVA was performed on the obtained EMG data, and a one-
way repeated measures ANOVA was performed for subjective fatigue. The results show that the asymmetric load intervention
has a more significant impact on the activation of the core muscles than the upper limbs muscles. The moderate(4 % )asymmet-

ric intervention load performs the best.

Keywords: bench press; electromyography; asymmetric load; muscle activation; basketball
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Fig.S1 The eccentric and concentric phase of the flat bench press
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Fig.S2 Schematic diagram of the placement of surface
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Fig.S3 Schem atic diagram of MVIC test for eight muscles on both sides of the body during the bench press



