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Table 1. Characteristics of participants.

Variables Mean+SD
Age(yr) 28.75+4.24
Height(cm) 176.75+£5.22
Weight(kg) 78.36+8.74
BMI(kg/m?) 25.10+2.51
FFM(kg) 64.60+6.80
1RM(kg) 89.58+12.51
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(c)

(d)

(e)

<Figure 2> bench press angle. (a) decline bench press(-15°), (b) flat bench
press(0°), (c) incline bench press(15°), (d) incline bench press(45°),

(e) incline bench press(60°).
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<Figure 3> MVIC test.

brachil. MVIC, maximum voluntary isometric contraction;
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(a)clavicular (b)sternocostal (c)adbominal
pectoralis major pectoralis major pectoralis major

(d)anterior deltoid (e)triceps (f)tcriceps
lateral head long head

<Figure 4> sEMG sensor. (a)clavicular pectoralis major, (b)sternocostal pectoralis
major, (c)adbominal pectoralis major, (d)anterior deltoid, (e)triceps lateral

head, (f)triceps long head.
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Table 2. Descriptive statistics for the clavicular head of Pectoralis major at angle in the
bench press eccentric phase (%MVIC)

-15° 0° 15° 45° 60° Total

Pectoralis major
clavicular head 255241230 30.68+12.20 3871+1877 43.11+21.60 40.24+22.41 35.65+18.59

Mean+Standard Deviation,

YsMVIC, percent electro myogran maximal voluntary contraction;

Table 3. The result of one-way ANOVA for the clavicular head of Pectoralis major
at angle in the bench press eccentric phase (2%MVIC)

SS df MS F D
Between Subject 2560.378 4 640.094
Within Subject 17837.916 55 324.326 1.974 A11
Total 20398.394 59

MeanzStandard Deviation,

YMVIC, percent electro myogran maximal voluntary contraction;
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Figure 5. Activity for the clavicular head of pectoralis major in eccentric
phase(2%6MVIC).
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Table 4. Descriptive statistics for the sternocostal head of Pectoralis major at angle in the
bench press eccentric phase (2%6MVIC)

-15° 0° 15° 45° 60° Total

Pectoralis major
sternocostal head 20.80+797 24.12+1254 214441022 16181718 1454+7.39 19.44+9.65

Mean#Standard Deviation,
YBMVIC, percent electro myogran maximal voluntary contraction,

Table 5. The result of one-way ANOVA for the sternocostal head of Pectoralis
major at angle in the bench press eccentric phase (%MVIC)

SS df MS F D
Between Subject 751.622 4 187.906
Within Subject 4750.227 55 86.368 2.176 084
Total 5501.849 59

Mean#Standard Deviation,
YMVIC, percent electro myogran maximal voluntary contractions
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Figure 6 Activity for the sternocostal head of pectoralis major in eccentric
phase(2%6MVIC).
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Table 6. Descriptive statistics for the abdominal head of Pectoralis major at angle in the
bench press eccentric phase (2%6MVIC)

-15° 0° 15° 45° 60° Total

Pectoralis major
abdominal head 37.69+12.60 34.08+10.70 27904937 18544824 12524536 26.15+13.24

Mean#Standard Deviation,
YBMVIC, percent electro myogran maximal voluntary contraction,

Table 7. The result of one-way ANOVA for the abdominal head of Pectoralis major
at angle in the bench press eccentric phase (2%6sMVIC)

SS df MS F D
Between Subject 5310.604 4 1327.650
Within Subject 5041.140 55 91.657 14.485 001
Total 10.351.741 59

Mean#Standard Deviation,
YMVIC, percent electro myogran maximal voluntary contractions
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Figure 7. Activity for the abdominal head of pectoralis major in eccentric
phase(%MVIC).
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Table 8. Descriptive statistics for the anterior head of deltoid at angle in the bench press
eccentric phase (%MVIC)

-15° 0° 15° 45° 60° Total

Deltoid

anterior head 1790803 2448957 3668£14./5 H0.82+1326 54.80£23.5 36.94+20.37

Mean#Standard Deviation,

YBMVIC, percent electro myogran maximal voluntary contraction,

Table 9. The result of one-way ANOVA for the anterior head of deltoid at angle in
the bench press eccentric phase (2MVIC)

SS df MS F D
Between Subject 12350.942 4 3087.736
Within Subject 12142.774 55 220.778 13.986 001
Total 24493.716 59

Mean#Standard Deviation,

YMVIC, percent electro myogran maximal voluntary contractions
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Figure 8. Activity for the anterior head of deltoid in eccentric phase(%MVIC).
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Rls
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f
o,
o

TR 23

Aw 2-3A3E thS <Table 10>, <Table 11>, <Figure 9>¢} zt}.

Table 10. Descriptive statistics for the lateral head of triceps at angle in the bench press
eccentric phase (%MVIC)

-15° 0° 15° 45° 60° Total

Triceps
lateral head 40.80+14.76 45.18+17.17 49.82+1833 52.02+14.57 57.96+19.73 49.16+17.48

Mean#Standard Deviation,

YBMVIC, percent electro myogran maximal voluntary contraction,

Table 11. The result of one-way ANOVA for the lateral head of triceps at angle in
the bench press eccentric phase (2MVIC)

SS df MS F D
Between Subject 2062.451 4 515613
Within Subject 15965.256 55 290.277 1.776 147
Total 18027.707 59

Mean#Standard Deviation,

YMVIC, percent electro myogran maximal voluntary contractions
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Figure 9. Activity for the lateral head of triceps in eccentric phase(%MVIC).
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WAz 54 A WA AR BE AFY 55 A

i

ALY 2

A= Z=H A= e <Table 12>, <Table 13>, <Figure 10>2} Zt}.

Table 12. Descriptive statistics for the long head of triceps at angle in the bench press
eccentric phase (2%MVIC)

-15° 0° 15° 45° 60° Total

Triceps
long head 36.28423.97 384042331 40.54+25.14 50.37+26.80 61.28429.97 45.37+26.76

Mean#Standard Deviation,

YMVIC, percent electro myogran maximal voluntary contraction,

Table 13. The result of one-way ANOVA for the long head of triceps at angle in the
bench press eccentric phase (2MVIC)

SS df MS F D
Between Subject 5189.636 4 1297.409
Within Subject 37071.023 55 674.019 1.925 119
Total 42260.659 59

Mean#Standard Deviation,

YsMVIC, percent electro myogran maximal voluntary contraction;
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Figure 10. Activity for the long head of triceps in eccentric phase(%MVIC).
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D AAZA s SRR BE BEY £F A FD e W

WAZ A e Al A Zkeo] mWE G 5 A dg AR 224 s

= A= g8 <Table 14>, <Table 15>, <Figure 11>9} Zt}.

Table 14. Descriptive statistics for the clavicular head of Pectoralis major at angle in the
bench press concentric phase (%6MVIC)

-15° 0° 15° 45° 60° Total

Pectoralis major
clavicular head 32.88114.87 41.33+1691 4842+22.23 51.83+22.61 51.60+22.80 4521

Mean#Standard Deviation,

YMVIC, percent electro myogran maximal voluntary contraction,

Table 15. The result of one-way ANOVA for the clavicular head of Pectoralis major
at angle in the bench press concentric phase (%MVIC)

SS df MS F D
Between Subject 3145.983 4 '786.496
Within Subject 22368.949 595 406.708 1.934 118
Total 25514.932 59

MeanzStandard Deviation,
YMVIC, percent electro myogran maximal voluntary contraction;
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Figure 11. Activity for the clavicular head of pectoralis major in concentric
phase(2%6MVIC).
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= A= g8 <Table 16>, <Table 17>, <Figure 12>9} Zt}.

Table 16. Descriptive statistics for the sternocostal head of Pectoralis major at angle in the
bench press concentric phase (%MVIC)

-15° 0° 15° 45° 60° Total

Pectoralis major
sternocostal head 25461930 26.98+13.63 25.62+13.07 1802796 15171776 22.25+11.33

Mean#Standard Deviation,
YBMVIC, percent electro myogran maximal voluntary contraction,

Table 17. The result of one-way ANOVA for the sternocostal head of Pectoralis
major at angle in the bench press concentric phase (%MVIC)

SS df MS F D
Between Subject 1345.003 4 336.251
Within Subject 6239.437 55 113.444 2.964 027
Total 7584.440 59

Mean#Standard Deviation,
YMVIC, percent electro myogran maximal voluntary contractions
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Figure 12. Activity for the sternocostal head of pectoralis major in concentric
phase(2%6sMVIC).
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Table 18. Descriptive statistics for the abdominal head of Pectoralis major at angle in the
bench press concentric phase (%MVIC)

-15° 0° 15° 45° 60° Total

Pectoralis major
abdominal head 481511723 383931124 34.70+1650 223141071 1368582 31.55+17.57

Mean#Standard Deviation,

YBMVIC, percent electro myogran maximal voluntary contraction,

Table 19. The result of one-way ANOVA for the abdominal head of Pectoralis major
at angle in the bench press concentric phase (2MVIC)

SS df MS F D
Between Subject 8937.083 4 2234.271
Within Subject 9290.170 55 168.912 13.227 001
Total 18227.252 59

Mean#Standard Deviation,

YMVIC, percent electro myogran maximal voluntary contractions
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Figure 13. Activity for the abdominal head of pectoralis major in concentric
phase(2%6sMVIC).
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ZA A= thS <Table 20>, <Table 21>, <Figure 14>¢} 7t}

Table 20. Descriptive statistics for the anterior head of deltoid at angle in the bench press
concentric phase (%sMVIC)

-15° 0° 15° 45° 60° Total

Deltoid

anterior head ~ 27-12+12.38 32.60£1391 47.73£17.68 60.80+14.22 68592543 47.37£23.18

Mean#Standard Deviation,

YBMVIC, percent electro myogran maximal voluntary contraction,

Table 21. The result of one-way ANOVA for the anterior head of deltoid at angle in
the bench press concentric phase (2%sMVIC)

SS df MS F D
Between Subject 15107.994 4 3776.998
Within Subject 16602.239 55 301.859 12.512 001
Total 31710.232 59

Mean#Standard Deviation,

YMVIC, percent electro myogran maximal voluntary contractions
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ZY 2 w3 A MAY i mE A Ao FEAHESY AolE YER
I A Fe <Table 20>¢ #AAl8F om, <Table 21>, <Figure 14>+
L

o) 2BAEE TAROE AWy okl MEEY BARAS AN G

15°2 71% 02 15°(F=33543, p=.001), 45°(F=51.958, p=.001), 60°(F=26.919, p=.001)
A =L foast JERGT 0°% 7F o R 15°(F=19.170, p=.001), 45°(F=33.000,
p=001), 60°(F=33644, p=00DelA =& Hox7t vehdown 152 7]Eoz
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Figure 14. Activity for the anterior head of deltoild in concentric
phase(%MVIC).
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1) WAL 20 FAGE hE BEY £ A P9 AFI(ET) W

WAz A S A WA Ae] BE BEY 55 A A4S AFI(RF) 2

A= A A= e <Table 22>, <Table 23>, <Figure 15>9} Zt}.

Table 22. Descriptive statistics for the lateral head of triceps at angle in the bench press
concentric phase (%sMVIC)

-15° 0° 15° 45° 60° Total

Triceps
lateral head 49.71£1691 51.64+1274 47.71+13.03 55.63+12.35 63.76+24.04 53.69+16.86

Mean#Standard Deviation,

YBMVIC, percent electro myogran maximal voluntary contraction,

Table 23. The result of one-way ANOVA for the lateral head of triceps at angle in
the bench press concentric phase (2%sMVIC)

SS df MS F D
Between Subject 1932.272 4 483.068
Within Subject 14855.795 55 270.105 1.788 144
Total 16788.067 59

Mean#Standard Deviation,

YMVIC, percent electro myogran maximal voluntary contractions
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12) WAL 20 FAGEA hE BEY FF A P AFI(PT) W

WAL s 5 A WA FEe] hE WEA £F A % AFR(FR 2

A= Z=A A= e <Table 24>, <Table 25>, <Figure 16>9} Zt}.

Table 24. Descriptive statistics for the long head of triceps at angle in the bench press
concentric phase (%sMVIC)

-15° 0° 15° 45° 60° Total

Triceps
long head 445712641 43.08+21.12 44532541 524642480 645613053 49.84+26.25

Mean#Standard Deviation,

YBMVIC, percent electro myogran maximal voluntary contraction,

Table 25. The result of one-way ANOVA for the long head of triceps at angle in the
bench press concentric phase (2%sMVIC)

SS df MS F D
Between Subject 3902.117 4 975.529
Within Subject 36758.867 55 668.343 1.460 227
Total 40660.984 59

Mean#Standard Deviation,

YMVIC, percent electro myogran maximal voluntary contractions
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3 FEAHA S <Table 24>9] A|A|F oW, <Table 25>, <Figure
> A ATFEET)Y 28R E FAHeRE AHEY] fte REESAY 24k

T4 s AR A, FolF AolE HolA e UTH(F=1.460, p=.227).
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Figure 16. Activity for the long head of triceps in concentric phase(%6MVIC).
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T AT 2Z3HE = A= 1S <Table 26>, <Table 27>, <Figure 17>¢} #

Table 26. Descriptive statistics for each muscle at -15° angle in bench press eccentric
phase (%MVIC)

grade PM-CH PM-SH PM-AH DAH TSH TLH Total

-15° 255241230 20894797 37.69+12.60 17.90+8.03 40.80+14.76 36.28+23.97 29.85£16.40

Mean#Standard Deviation,

YMVIC, percent electro myogran maximal voluntary contraction,

PM-CM, pectoralis major clavicular head, PM-SM, pectoralis major sternocstal head;

PM-AH, pectoralis major abdominal head;, DAH, deltoid anterior head;, TSH, triceps lateral head,
TLH, triceps long head:

Table 27. The result of one-way ANOVA for each muscle at -15° angle in bench
press eccentric phase (%MVIC)

SS df MS F D
Between Subject B5572.752 5 1114.550
Within Subject 13544.857 66 205.225 5431 001
Total 19117.608 71

Mean#Standard Deviation,
YMVIC, percent electro myogran maximal voluntary contraction,
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WX g s 58 A W9 Zte7F -15%0 A AAA FE= Al 67FA] 259 A
T WHEE yeld dAyy 15ARRe] 32 <Table 26> A A8 21, <Table

27>, <Figure 17> 67}4] ¢+59 S EE FAH o Avr7y] 9ste] HtEZ
A RS AN Ay, fefdk Abel S HTHF=5.431, p=.001). tiHHd A,
&2 AHE 7IeoZ UgEd s (F=1159%, p=.006), WA Az (F=6.406,
p=.028), <t }E}CEL(D]"CF, F=8.936, p=.012)° Al 2]t =}o]7} yelyktl. d &

=+ 5
P+ = l% 2 dF s (F=16.204, p=.002)o1 A frelgt ztel7} yepyom gk
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2 AW A7 (F=27.042, p=.00D)NA =& F9x7F eyt AW A4S 7)E
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Figure 17. Activity for each muscle at -15° angle in bench press eccentric
phase(%MVIC).
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0ol A Y 5 A e, T8, s, A3 Az, A AR (e

’ ’

F5)e A E =4 A= e <Table 28>, <Table 29>, <Figure 18>¢} #t}.

Table 28. Descriptive statistics for each muscle at 0° angle in bench press eccentric phase
(9%MVIC)

grade PM-CH PM-SH PM-AH DAH TSH TLH Total

0°  3068+12.20 24.12+1254 34.08+10.70 24.48+957 4518+17.17 38.40+23.31 32.82+16.31

Mean#Standard Deviation,
YMVIC, percent electro myogran maximal voluntary contraction,
PM-CM, pectoralis major clavicular head, PM-SM, pectoralis major sternocstal head;

PM-AH, pectoralis major abdominal head;, DAH, deltoid anterior head, TSH, triceps lateral head;
TLH, triceps long head;

Table 29. The result of one-way ANOVA for each muscle at 0° angle in bench press
eccentric phase (%sMVIC)

SS df MS F D
Between Subject 4024.428 5 804.886
Within Subject 14864.929 66 225.226 3.574 006
Total 18889.357 71

Mean#Standard Deviation,

YMVIC, percent electro myogran maximal voluntary contraction,
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0Zol A A 5 A 6714 259 Z4=

HalE Uetd oy FFHREY 7S <Table 28>0 AA8F3 2w, <Table 29>,
<Figure 18> 9] 674 <59 dZAHEE TAHCZ Aury] 9] RbE
= B S 3 r a}o] 2 B THF=3574, p=.006). v A=A 2
o, ET AEE Ve A AFE(EE, F=6.096, p=.03Dol A fefdt Aol rt
Ak

L ERSE & THE 7Ivo® 48 AT (3T, F=6.598, p=.026)1A ot
zpol 7 yEbyk o g9k A (dE, F=21.880, p=.001)olA =& A7 YEry:
ooOET S3E JlEen AW AATFE=6227, p=030014 fHeld Holr
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Figure 18. Activity for each muscle at 0° angle in bench press eccentric
phase(2%6MVIC).
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AF)e 2Z3AE = A9 S <Table 30>, <Table 31>, <Figure 19>¢} 2t}

Table 30. Descriptive statistics for each muscle at 15° angle in bench press eccentric phase
(9%MVIC)

grade PM-CH PM-SH PM-AH DAH TSH TLH Total

15° 3871£1877 21.44+10.22 2790937 36.68+14.75 49.82+18.33 40.54+25.14 35.85+18.76

Mean#Standard Deviation,

YMVIC, percent electro myogran maximal voluntary contraction;

PM-CM, pectoralis major clavicular head, PM-SM, pectoralis major sternocstal head;

PM-AH, pectoralis major abdominal head;, DAH, deltoid anterior head;, TSH, triceps lateral head,
TLH, triceps long head;

Table 31. The result of one-way ANOVA for each muscle at 15° angle in bench press
eccentric phase (%sMVIC)

SS df MS F D
Between Subject 5959.212 5 1191.842
Within Subject 19042.787 66 288.527 4.131 003
Total 25001.999 71

Mean#Standard Deviation,
YMVIC, percent electro myogran maximal voluntary contraction,
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Figure 19. Activity for each muscle at 15° angle in bench press eccentric
phase(%MVIC).

_54_



2

o
-
B
rd
m G
oX,
=
)\
ol
it
=
rlr
i
dlo
/\
—
o)

o
o
%)
S}
Vv
A\
—
QO

o
o
o®)
%)
V
/\
=
0Q

o

=

o

DO
S
V
1o,

Table 32. Descriptive statistics for each muscle at 45° angle in bench press eccentric phase
(%MVIC)

grade PM-CH PM-SH PM-AH DAH TSH TLH Total

45° 431142160 16.18+7.18 1854+824 50.82+13.26 52.02+14.57 50.37+26.85 38.51+22.31

MeanzStandard Deviation,

YMVIC, percent electro myogran maximal voluntary contraction;

PM-CM, pectoralis major clavicular head, PM-SM, pectoralis major sternocstal head;

PM-AH, pectoralis major abdominal head;, DAH, deltoid anterior head;, TSH, triceps lateral head,
TLH, triceps long head;

Table 33. The result of one-way ANOVA for each muscle at 45° angle in bench press
eccentric phase (%MVIC)

SS df MS F D
Between Subject 16713.946 5 3342.789
Within Subject 18652.639 66 282.616 11.828 001
Total 35366.585 71

Mean#Standard Deviation,
YBMVIC, percent electro myogran maximal voluntary contraction,
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Figure 20. Activity for each muscle at 45° angle in bench press eccentric
phase(2%6MVIC).
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Table 34. Descriptive statistics for each muscle at 60° angle in bench press eccentric phase
(%MVIC)

grade PM-CH PM-SH PM-AH DAH TSH TLH Total

60° 40242241 1454+739 12524536 54.80+23.53 57.96+19.73 61.28+29.97 40.22+27.95

MeanzStandard Deviation,

YMVIC, percent electro myogran maximal voluntary contraction;

PM-CM, pectoralis major clavicular head, PM-SM, pectoralis major sternocstal head;

PM-AH, pectoralis major abdominal head;, DAH, deltoid anterior head;, TSH, triceps lateral head,
TLH, triceps long head;

Table 35. The result of one-way ANOVA for each muscle at 60° angle in bench press
eccentric phase (%MVIC)

SS df MS F D
Between Subject 28766.760 5 5753.352
Within Subject 26703.125 66 404.593 14.220 001
Total 55469.885 71

Mean#Standard Deviation,
YBMVIC, percent electro myogran maximal voluntary contraction,
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W28 Zke7k 605kl A Add 5 Al 67HA 259 4%
WHelE Yebd Ay ¥5ARRe] 32 <Table 34> AAsF1 o™, <Table 35>,
o

<Figure 21>& 67}A <59 SIAHEE FAHoR AyHny] 9dte] widz=x B
AHEAS A Ay {93 Apo]lE B A THE=14.220, p=.001). iR HAA Az}, o F
o+ AHEE VFoR UEF TH(F=12464, p=.005), W& dHH-(F=14.666, p=.003),
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Figure 21. Activity for each muscle at 60° angle in bench press eccentric
phase(%MVIC).
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Table 36. Descriptive statistics for each muscle at -15° angle in bench press concentric
phase (%MVIC)

grade PM-CH PM-SH PM-AH DAH TSH TLH Total

-15°  32.88+14.87 25464930 48.15+17.23 27.12+12.38 49.71+1691 44.57+26.41 37.98+19.20

Mean#Standard Deviation,
YMVIC, percent electro myogran maximal voluntary contraction,
PM-CM, pectoralis major clavicular head, PM-SM, pectoralis major sternocstal head,

PM-AH, pectoralis major abdominal head;, DAH, deltoid anterior head;, TSH, triceps lateral head:
TLH, triceps long head;

Table 37. The result of one-way ANOVA for each muscle at -15° angle in bench
press concentric phase (%MVIC)

SS df MS F D
Between Subject 7021.370 5 1404.274
Within Subject 19161.631 66 290.328 4.837 001
Total 26183.001 71

Mean#Standard Deviation,

YMVIC, percent electro myogran maximal voluntary contraction;
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Figure 22. Activity for each muscle at -15° angle in bench press concentric
phase(%6MVIC).
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AF)e 2F3AE = A9 S <Table 38>, <Table 39>, <Figure 23>¢} 2t}

il

Table 38. Descriptive statistics for each muscle at 0° angle in bench press concentric phase
(9%MVIC)

grade PM-CH PM-SH PM-AH DAH TSH TLH Total

0°  41.33+1691 26.93+13.63 3893+11.24 32.60+1391 51.64+12.74 43.08+21.12 39.09+16.70

Mean#Standard Deviation,

YMVIC, percent electro myogran maximal voluntary contraction;

PM-CM, pectoralis major clavicular head, PM-SM, pectoralis major sternocstal head;

PM-AH, pectoralis major abdominal head;, DAH, deltoid anterior head;, TSH, triceps lateral head,
TLH, triceps long head;

Table 39. The result of one-way ANOVA for each muscle at 0° angle in bench press
concentric phase (%MVIC)

SS df MS F D
Between Subject 4406.468 5 881.294
Within Subject 15407.083 66 233.441 3775 005
Total 19813.556 71

Mean#Standard Deviation,

YMVIC, percent electro myogran maximal voluntary contraction,
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Figure 23. Activity for each muscle at 0° angle in bench press concentric
phase(2%6MVIC).
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BRI G54 2% A qFLCHY, 2, ), AW 44D, A9 AR

’ ’

F5)e A E =4 A= e <Table 40>, <Table 41>, <Figure 24>¢} 7t}

Table 40. Descriptive statistics for each muscle at 15° angle in bench press concentric
phase (%sMVIC)

gradke PM-CH PM-SH PM-AH DAH TSH TLH Total

15° 4842+22.23 25.62+13.07 34.70£16.50 47.73+1768 47.71+13.08 44.53+25.41 41.45+19.33

Mean#Standard Deviation,
YsMVIC, percent electro myogran maximal voluntary contractions
PM-CM, pectoralis major clavicular head, PM-SM, pectoralis major sternocstal head,

PM-AH, pectoralis major abdominal head;, DAH, deltord anterior head;, TSH, triceps lateral head;
TLH, triceps long head,

Table 41. The result of one-way ANOVA for each muscle at 15° angle in bench press
concentric phase (%MVIC)

SS df MS F D
Between Subject 5191.556 5 1038.311
Within Subject 22745.699 66 344.632 3.013 016
Total 277937.255 71

Mean#Standard Deviation,

YMVIC, percent electro myogran maximal voluntary contraction,
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Figure 24. Activity for each muscle at 15° angle in bench press concentric
phase(%sMVIC).
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Table 42. Descriptive statistics for each muscle at 45° angle in bench press concentric
phase (%MVIC)

grade PM-CH PM-SH PM-AH DAH TSH TLH Total

45° 51832261 1802£79%6 22.31+10.71 60.80+14.22 55.63+12.35 52.46+24.89 43.51+23.33

MeanzStandard Deviation,

YMVIC, percent electro myogran maximal voluntary contraction;

PM-CM, pectoralis major clavicular head, PM-SM, pectoralis major sternocstal head;

PM-AH, pectoralis major abdominal head;, DAH, deltoid anterior head;, TSH, triceps lateral head,
TLH, triceps long head;

Table 43. The result of one-way ANOVA for each muscle at 45° angle in bench press
concentric phase (%MVIC)

SS df MS a D
Between Subject 20332.541 5 4066.508
Within Subject 18313.403 66 277476 14.655 001
Total 38645.945 71

Mean#Standard Deviation,
YBMVIC, percent electro myogran maximal voluntary contraction,
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Figure 25. Activity for each muscle at 45° angle in bench press concentric
phase(%MVIC).
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0ol BEY £5 A WETCEE, B, P, AW AAT, P9 AFI(BT,

7)o 2EHE A A= v <Table 44>, <Table 45>, <Figure 26>¢} #t}.

Table 44. Descriptive statistics for each muscle at 60° angle in bench press concentric
phase (%MVIC)

grade PM-CH PM-SH PM-AH DAH TSH TLH Total

60°  51.60+22.80 1517+7.76 1368582 67.75+24.32 63.76+24.04 64.56+30.53 46.09+30.89

Mean#Standard Deviation,

YMVIC, percent electro myogran maximal voluntary contractions

PM-CM, pectoralis major clavicular head, PM-SM, pectoralis major sternocstal head,

PM-AH, pectoralis major abdominal head;, DAH, deltoid anterior head;, TSH, triceps lateral head,
TLH, triceps long head;

Table 45. The result of one-way ANOVA for each muscle at 60° angle in bench press
concentric phase (%MVIC)

SS df MS F D
Between Subject 37915.127 5 '1533.025
Within Subject 29876.087 66 452.668 16.752 001
Total 67791.213 71

Mean#Standard Deviation,
YMVIC, percent electro myogran maximal voluntary contraction,
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Figure 26. Activity for each muscle at 60° angle in bench press concentric
phase(%MVIC).
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<Abstract>

Effect of bench angle on EMG activation patterns of

agonist and antagonist during bench press exercise

Kim, Ju-Yeon

Department of Kinesiology
General graduate school Jeju National University

Jeju, Korea

Supervised by professor Seo, Tae—-Beom

The purpose of this study is to investigate the alteration of EMG activation
patterns of agonist and antagonist in bench press exercise according to different
bench angles. Twelve adult males between the age of 20 and 30 took part in
thise experiment, and they had at least 6 months of resistance training experience.
All subjects performed bench press exercise with 70% of one repetition maximum
(1IRM) according to different bench angles (-15°, 0°, 15°, 45° 60°). To examine
the activation of skeletal muscle, we analyzed electromyography (EMG) signals
collected from pectoralis major (upper, middle, lower), anterior deltoid, and triceps
brachii muscles.

For measurement data, the mean and standard deviation of each variable were
calculated using the SPSS for windows (Version 22.0) statistical program.

One-way repeated mesures ANOVA was performed to determine the difference
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between groups for angle, and a post-hoc analysis was performed using a
contrast test. The statistical significance level (p) of all analyzes was set to .05.
As the result of this study,

First, there was a significant difference in muscle activity of the abdominal
head of pectoralis major and anterior deltoid muscle during eccentric phase of
bench press exercise.

Second, there was a significant difference in muscle activity of the abdominal
head of pectoralis major, anterior deltoid and the lateral head of triceps during
concentric phase of bench press exercise.

Third, during eccentric contraction bench press exercise, there was a signifi
cant difference in muscle activity by bench angle in all angles.

Fourth, during concentric bench press, there was a significant difference in
EMG activation levels in all bench angles.

Considering these findings from our study, we identified that the bench press

angle that maximizes the pectoralis major muscle might be — 15 degrees.
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