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Effect of Push-up Plus Exercise on Serratus Anterior and Upper Trapezius Muscle
Activation Based on the Application Method of Togu
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Abstract

Purpose : The purpose of this study was to find out the effects on muscle activations of serratus anterior and upper trapezius
muscles when push-up plus exercise togu applied differently depending on the body part.

Method : Thirty six volunteers took part in this study and we divided into three groups(upper arm togu group 12, leg togu
group 12, upper arm-leg togu group 12). Each experimental group performed push-up plus exercise. All volunteers received a
total of 18 exercise session over a 6 week period (three times per week). Exercise program was composed of serratus anterior
and upper trapezius push-up plus exercise. Then we measured muscle activation of scapular stabilizer by electromyography.
Repeated ANOVA was used to examine the effects of the intervention on each outcome measure.

Result : After the six week intervention, there was a significant difference between the pre and 6 week in serratus anterior
and upper trapezius muscle activity(p<0.05). After the six week intervention, there was a significant difference among the three
group in serratus anterior muscle activity but no significant difference in upper trapezius muscle activity(p>.05).

Conclusion : Serratus anterior and upper trapezius showed high muscle activity during push-up plus exercise. Therefore have
a positive impact of scapular stabilizer. The larger the area of the unstable support surface, the larger muscle activity was

larger of variation quantity.

Key Words : push-up plus, serratus anterior, upper trapezius, EMG

FWAIA A}

Hj Q4] f452000@naver.com, 051-320-2913

=29l 1 2016 29 149 | =AY 20164 59 179 | ARSI @ 20164 6Y 15Y



oj 7w o] Y-S AFdte HFIEES HEUL
AT =T SO= o7 ©7]7] ¢9
oY 2553 3 2H83th(Lear & Gross, 1998).
1 FollA EUES offm HgSte] Fast T
Gt (Smith 5, 2003) 9129 7|5& S8 o7 o
Ax L}t S AL 2T (Neumann, 2002).

FEUTT AT o7kEIEe Fa%k <t
AEEomH oGl T} FA oM E Thsol A
A3l AAZIH FH0 A4S AlFSTHMottram,
1997). o]2fgt I859 H|BGH LFudoz Qlsto]
oj7fm 50 Evtgol et =il AT EST,
% ool HASHA Hrh(Ludewig &, 2004). o]= <lsf
AeMELS walA EAFSEIL ol St o
FUTY EF2 AAsA EHol I o]zl (winging
scapular) & Zefjste] BIAAFA] of 7w o] A Qo] W
AstA HtH(Cools 5, 2003). L2 B= o 7w F=9] L&
o] B+t A=m3t7| flsto] o 7w o] Qbg el 7)o
© T80 &5% S8l ofm Y AALIAE I EsH=
Fo] I Q3}tH(Mottram, 1997).

Ludewig 5(2004)9] A-ollA QAR U9
TEAE HEE AT oA dEYTe A
21 ZFstet SHEU Y5 AIR L] & F(couple force)

o] EHFE Eoledl F8% 847 "Hoha shglck
o= 5 dololut ATpHQl a4t Aduglol
FAA = Aol LS WA

2o o EaHolebs A7} wol A

=
1o
do
I3
it
o
o
e

=

do Ok

x
ox

o o> yo ok
> o &L K

f

=
o
ot
N
iz
N
<
rlot
B
2 o Al @
f mlo
o R

o
QL
yo &

Sbomd RogY QR

S te FANIE 2EFTES AREEa
(Creager, 1996; Y&, 2012). A% Zof| A Togu=
Z+eE 2AL EF 242280 FES ZylA7|H,
2718 A2stn B2 |9 2o el W
|-5-3tcH(Shankar, 1999). 9-2]7} 3

Lo 4 d
e}

B

>

"0,

>

filo

>

AdBe ZAY Lz vt FHPRALL oA,
2012), ofolz A¥eFo] £F THAY B FF,
AR )% B B X GRS, 201
ToguE o] 43 BELEZEIYo

B Qe A 20 WA 167, ofx 2092 oy
o2 201519 39 9N 49 170744 65 B2t 7 33)
SF ANtk AT A Aol A
o thstel 55| ofsstn Aol AuH o= Felshel
ow Mgl ATHE 2ES £WY 4 ol 2o, 1A
FFEuglel #HSES 2R0 Ut AL A2 41U 1
ANEFE ARSHAL Tekelol AU 719, A2k
dubs e A7eA ATo] g A AL oAU 7 3
Ao 2YeES the gt A4S o st

2 A9 HAp= dA F Togu A8+, the] Togu &
£, rhE] Togu 2EFO0 R LRSI ARl FAA
4 AAIBHATE Al o B5F 657 F 33] 52 A
Z Togu 482 Togus Tol| AL & F4
A2 5, o] Togu &8t Togus the]of 2§

o Ee& &5, Trhy] Togu 482 Togus
grielo] 283 & FHY ZYL oS 47 A

it

32
=

)
—



Togu X& ol M2 T4 S2A 20| YELUZT ASHZZ E4=0f 0|Xl= FE

Ak 05, 35, 65 & A4 JBAEE S (3) Ere] Togu &<t
dig 7171 Aol A oF B3 < ol ol wolvks
2) 25 =20 112L2 Hala oj7d 90, FE2WE 90 #3 AN =

=
WHE F o fuiet ofgfo] 7t TouE A 83, o §
29 oPolE 77t TomE AT AR PAR
AAREHY 3).

WSS W A7 AAE s A o
gro wold ek A|Alo] ket Hch sl 7
S fAsh, WA T ANl et g g A T EEE
t3% B2 FAS A T AT L5L 108 s
2

= HER s, JE IF §A42 202, & 3N E

do rfr B

(1) T Togu 87

U 717] Al A O Bk oF ThelE o)) woluE
AR Me3 o 90, REWH 90 Fa AN
WE F o &ute obde] 242 TowuE A gk oA
be AAARe A Ao wheh £ AARHIY 1),

N

O 1T Eebguele FY B Fy 2AE/E B9 G5E ofdRT A5 (analog
signal)«= YA Alo(digital signal)2 HeHEl & 248
(2) tHe] Togu &8+ 2232 E 9 o](Telemyo-DTS, Noraxon, USA)e] &= it
U 717) AAA o Bk chelE o Welwd AR S 918 2AETIS] ELFEE(sampling rate)
At Wa]i ol ZjTHa 90°, T2A 900 23] AP = = 512Hz, Fu d9EFE F4 Fugo] BE
5 oF mzw olgo] 2zt Togus AL A 10~350Hz2] o<} ZE|(band pass filter)Q} 60HzS] =2 &
A ZApte] A Ao uet £5-& AAATHIY 2). El(noteh filten) S A1-af H-5-5 A7t 1€ 24
T AT E ou A F(full-wave rectification)dt o Ala
bl

(root mean square, RMS)2 AAlslo] H A of ARg-35}

c}

A

280 PYES 24501 A el ez
e wa st AA L 2ts AAE Fo=H tiA
Ao Aoz gt SA4Y RS Eolal 9 ol
o] olRolAEE sheitt 1 F U ShEAna
o] & BAHEE A5 Ssl vl 717] AAGE 90
9 2. the] Bolwoa] E2e] ZyAa w3, o7 90° wRh)olA oS W AlA T2 F
SRR ABATE , ¢ FUap) FEUZH 9




chetsetelstalx| M4d M2E

SAlE e FAsEom vl 7]7] ZRA|ell A of e W
Yol gt Ho 94 52X 4=(maximal voluntary
isometric contraction; %MVIC)S &
23e AYYET T FIRE SHeAAT 7 28 3
) Aol 35019 FAALE ofdlel Aol
2 2 0= St digh

[e)
o SHY 5 AR 10
=
=

54 7 v a8

AXZE gre) RMS Haghe HEGOR st 74
H&S A7) 9Astel AL AMgSte] T4 vl&e 4%
SHATHES] %). ) 5olA A EE TAE Aol et
A WYL HAFAZ] S TR £ 0§ o]
242 ol & AFE HAe

—"'"
p—
 ——

/et

a8 4. 2AHE]7

2) Togu

1956 =29] Toni Obermaier & GUst
Obermaier FA|9] o]F & A5 wi HPF TOGU
(DYN AIR Ballkissen, GERMANY) Aloj| 4] 73t A= 0
2wt e £5S A 99 BEolzh %
HollA ZHg= i i BRI RAL 5 EfolY
S| AZZzaol wol Fgstal JAtHLH 5).

Togu=

19 5. Togu

4. A5 EA

Ame] FAAEE 48 A ZRIHA dxE
SPSS version 22.0-2 ©o]-&3}ith zF 25 7|7t wWE
AjE T YR UE sl MREY BARMS
stom AFFdA WHoR Haolxx st sig
nificant difference) B'H-& AR5}t E3F AE Al 6
% 3 7t 2ol sl 7 L5 719 Baw Aol B
H3t7] giste] dael HAHEA JHS AgHet o

o BAA o4 A 98l FU5E =052

st}

I 47 A3}
1. A3 didAte] gutd EA4

bt Z 3678} 161, oAt

Bew, 7 12%‘2§ shoict. I Toguwt o B+t
A2 166.77+5.69 cm, Ho A|

> 63.28+14.32 kgOI o] Toguwto] Hot AP
22.09+2.604], Hd AL 166.19+5.87 cm, H A
6547+ 14.19 kgo|al Ztiad] Toguwt® Ho <A
22.59+ 3.18A], Hat AL 164.77+6.99 cm, H
58.94£11.77 kg= FERITHEE 1).

Al ZEolA A A o] digt sE4d A
SPSSE FA%E At Al ko] Hotgtol= 74]?2}*2
2 Fo3t Zol7} glojA(p<05) Al Mt T

olet & 4 QIThGE 2).

wo
l\)
F
\O
(92
=
FL
o%i
flo

olN off of\
o

o rlo

24

2. ¥FaF G 7|1ZE YT 2= vE

657k F4Y B A o wE 72t 15
=9 2= 3 37 Zth Mauchly®] w913
A} 7774 7Hdo] F-EA ¢hokp<0.05) o
A3 & Toguit, the] Togut, Zthe] Toguwto] #
FEUDT A= Hlmof glof FAtHoR ol
o|7} A9 a(p=0.001), T 7|7t3} 1 BFtof| w2 AFs 2t
82 9199thp=0.180). 7N# W thu|AA A} 059} 3%,
359k 65, 059k 65 Atolofl= BASHE 0 & {3t X}

r—ﬁ
L



=of olxle S

(N=36)

EA4 Z Togu-(n=12) t}g] Toguw(n=12) ZtthE] Togua-(n=12)
AFHA) 22.0+1.95 22.09+2.60 22.59+3.18
Al & (cm) 166.77+5.69 166.19+5.87 164.774+6.99
A Z(kg) 63.28+14.32 65.47+14.19 58.94+11.77
® 2.7 2800 R 180 $YY B3 () uv)
ag T Togut(n-12) chel ToguiH(n=12) Zhe] Togu(n-12) F p
uT 30.73£15.04 22.82+11.05 38.51+£24.44 2.342 112
SA 60.08+50.27 80.99+71.95 95.47+119.62 518 .601
* p<.05
* UT : Upper Trapezius, SA : Serratus Anterior
3 3. EAEC e 7k dEU2Y 2EAE Bl (1 wv)
T PR 355 677} F b
Z Togut 60.09+50.27 38.98+31.86 122.55+80.09
t}2] Togut- 80.99+71.95 41.79+25.32 110.71£72.74 1.59 0.22
e Togust 95.48+119.63 53.06+46.05 237.34+270.19

015 Hrhp<0.05). TARF | T2 Aol obr]
o5 AR 7 BEAL AT a2 folF 4

o7k R ATHP>.05)(3E 3)(L

o
2

=
250.00

Lo} — 4TNEFZ
~—— S NEFZ
d3TNERE

200.00

B 150.00

R0 100,00

[=]

50.007

.00

a9 6. 7I7HE kEUS A= vl

3. $F35 & 718 ASAEZY 2 4= v

Z2 5o e 7 154E 95A
< = 3 49 Zrh Mauchlyo] THejsiE
T 34 7Hgel AAFEo(p>0.05) 7HA-W &t
3 & Toguwt, the] Toguth, Ethe] Toguwto|
W §eAlE & A% vlatof glo] FATHCR
e Zpol7F AAIL(p=0.001), EA 7| TF<tol w
2ATHp=0.400). 7hA| Wi iu] HA A}
o 3ol o7t Zpo|7k AL, 359} 65, 079}
Afolof| BAEFH O 2 {3t zfolE H I TH(p<0.05).
TAFH | wE ZfolE otz S8l A 2t A
e AAR A1 HEE {oTE Ato]7t flThp>.05)
(& 428 7).

o ox

Lo

fu do L oY oY H

o,

Jaag-2 ¢l
0

o
NN



chetsetelstalx| M4d M2E

4 FAEC e 77 fleARZe FEAEE Bl (1 wv)
Tt AEA 33} 652F F p
Z Togut 30.73%£15.04 44.73+£36.23 57.10+32.35
t}2] Togut- 22.82+11.05 23.09+7.93 41.11+24.48 2.66 0.09
e Togust 38.51+£24.44 28.10+£19.07 48.89+28.42
* p<.05
HEUT 5] AstE, ALY S5l g
- 2, olme] mETol SR WAHA g
CUES o) 999 AAHY £ B 442 wakz <l 9
. L= Al o7m o] S7lo] A E o] o7} 0&5)=
" FZbo] dojufA EtHComerford & Mottram, 2001). 7
5 £ Aola HEUol 714 Bel Aesls £ES F
b e Belaz dEUD A £2S S ol

7

K I/

30.00

20.007]

W=

R,
TF 7. 7RPE SpS AR SR bl

0|7} 91ATh(p<0.05), LSD 7]WS ALg3t A=A
A3}, the] Toguwt#t #the] Toguwt 7hel E73H4]
o3k 2po] 7k YATHP<0.05)(FE 5). L} $J5A|m 2
Wokg 24 Al Al 7 7 2T wske Bt
Zpole AR FOSHA] AUTHP>0.05)(3E 5).

lo A

o 1o Ho
Mo x

b
wn

1 3}
LT =

ok

T Wl (91 uv)

= Togudt
(n=12)

ot Toguwt Tr}e] Togut

s (r=12) =12)

p

SA 70.8682 421327 162.0518 360 .04

ur 29.3745 20.7918 14.5036 056 .58

NBEY S FUAIL QAAHE FaA,
ofe] that Hs7] Al FHY Bels A &
FAHD glon 4y ATHES 5
2003; Park} Yoo, 2011)9] ute W7)7] Aeh= F41)
Zen 252 L ATAE AXshech

SR 2Yw e FEUL A5
Ame] Bigel ot WHEIA olef 7H Gl
FHY Bels SES AW A3 dwA FHY B

o

5
g 954 AEUDY 2AES B ettt

=] .
BISYT, FHY Bk £FE e YEUD B
Eoh e QEART 2 BYES Mol 2%oln, ¢
FUZ goleh oAbt 2 2% BEYe gag 9
=

I o 7w (winging scapula)®] X 2E 93] UFUL
shEsolu ot Aekesor 2 FHY =

£E o galoth Moscley 519922 o7jAee 9l

16 7 &5 5 9, 1, otisAlRd, o9, vt
B AL lET, 30 R FEUDY 7K o ge

H| w3t AAtofl Al 23] X(scaption), =Z17|

Y =i, 2 Y(press up)o] o7 AE

7 mabAoletal shelek. A3 AtellA Erio 7w o

&ehEolu oAt ke

o FE FHY ZHAE 0|83l il(Decker T,

1999; Lear?} Gross 1998; Ludewig 5, 2004; Moseley 5,

1992) A7 AT, FHY Belx 5o FEUT & 9



AR ZEAYET 7P A e 2 ol A
= Togus Zgato] 6527k 4] Ze|a SES X g
g A3 717kl mEbA fofgt e Aol Kol

2
HYATAHNE W77 AAelA Fass F4Y
o2 25e M RO FEUD BHE ehyoln

BH(Decker 5, 1999), 9154w 29] BASHe Lrehibd

oran, EF gEAERI FEULY uEe 2ARE o

TolE 419 BEA £FE Skt B AFAR

2ot B2 W) A Sk luder 5,

2004). o] AA 5(2010)2] dALo]A Toguet &8-S o

Ag3 F FHY Bels o5 AY 5AHoR 24

ste] A% WIS G o) Piu:oﬂﬁh ey

il

Jl

O

|

AL 2 AFolA= Togus I, the, -Ll—r,]-ﬂ nes
Aeslo] AY 39S ] ¢ A=y Adxst= Axt
2 "1l 7en]|2011)2] ATFoAE oj7jTd H A
=
=

Ak

9U AN FEIT AR 29

O

RS A7 eheal A 4 glek ¥ ArEns A
He, fFdmi2014)= 125 §¢ EFREZRIHS 68
o] wRlof Al A-gste] wle] FPAYH w0l
itk tgal Q013 FETEA FAelA
EE A8 A FEISe] S9dEE aelskln
olgfet Aik= Toguh fp8ats ASAA L5
o e E A0 & 5

& ) AR 2Rt ofd 200w 4]
Aot dukele g o= A Ay miiel e

o] AlgEolAl S At ﬂﬁﬁloﬂL Algte] A
: 171 ARA| 25 3

Aol tial Togus &3+ ﬂ:TL

ru{ru
2
ok
ol
R
k1
)
ot
v

v.3 &

2 At vl Al A Togu A-8HHRel W 4

o
=4, $EUT2 Zrie Togu
ol skA

S = #HElgolo] 1A =910 1,1r o

Togu #8204 2

ot Akl 7t gigiet.

£ A7) Ana n

o] of7m eryal 2
2o 250 Tog
Z7tel 1Y e

3 ATk ulgor FHY o2 2% A Tomd
=%

S o) [e] [e)
3k A3} S

:LO

2
o

A-g-tof A

ERE:

% Al 7I%be] uhebd o
7h Z7kste] ol Qryet

O3

1T-="0

| Egrom, si5Ana

F2uloll). PR AX W Eekggt
Mot BELRO) THAE WL

A oskel, AArete .

8 B7] Al o

wE| A=
9-15.

A (2014). EA-

9.

O T 31

O —

2ol =l



chetsetelstalx| M4d M2E

p=)

ahel Aol v a3 = ieha WSy

AAFEHY] =

T52, AAl2003). ALl A AAE

Do Hal tiRg Y =X 2 5Ee) A, 9(2), 69-77.

Comerford MJ, Mottram SL(2001). Functional stability
re-training: principles and strategies for managing me-
chanical dysfunction. Man Ther, 6(1), 3-14.

Cools AM, Witvrouw EE, Declercq GA, et al(2003).

Scapular muscle recruitment pattern: Trapezius muscle la-

o
do HY s o

offf & rfo

tency with and without impingement symptoms. Am J
Sports Med, 31(4), 542-549.

Creager CC(1996). Therapeutic exercises using foam rollers.
Berthoud, Executive Physical Therapy, Inc.

Decker MIJ, Hintermeister RA, Faber KIJ, et al(1999).
Serratus anterior muscle activity during selected re-
habilitation exercises. Am J Sports Med, 27(6), 784-791.

Lear LJ, Gross MT(1998). An electromyographical analysis
of the scapular stabilizing synergists during a push up
progression. J Orthop Sports Phys Ther, 28(3), 146-157.

Louto S, Aalto H, Taimela S, et al(1998). One-footed and
externally disturbed two-footed postural control in patients

with chronic low back pain and healthy control subjects.

Spine, 23(19), 2081-2090.

Ludewig PM, Hoff MS, Osowski EE, et al(2004). Relative
balance of serratus anterior and upper trapezius muscle
activity during push up exercises. Am J Sports Med,
32(2), 484-493.

Moseley JB, Jobe FW, Pink M, et al(1992). EMG analysis
of the scapular muscles during a shoulder rehabilitation
program. Am J Sports Med, 20(2), 128-134.

Mottram SL(1997). Dynamic stability of the scapula. Man
Ther, 2(3), 123-131.

Neumann DA(2002). Kinesiology of the musculoskeletal
system. St louis, Mosby Inc.

Park SY, Yoo WG(2011). Differential activation of parts of
the serratus anterior muscle during push-up variations on
stable and unstable bases of support. J Electromyogr
Kinesiol, 21(5), 861-867.

Shankar K(1999). Exercise prescription. Philadelphia,
Hanley & Belfus, Ins.
Smith Jr, Nyquist-Battie C, Clark M, et al(2003).

Anatomical characteristic of the upper serratus anterior:

cadaver dissection. J Orthop Sports Phys Ther, 33(8),
449-454,



