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Abstract

A Comparison of Muscle Activity in

Periscapular Muscles during Push-up

plus Exercise on Stable Support and
Unstable Support

Soo-Kyoung Park, Hyun-Ok Lee”, Jong-Soon Kim", Suhn-Yeop Kim"
Dept. of Physical Therapy, College of Health Science, Catholic University of Pusan”

The couple force of the scapular stabilizers for upward rotation that include the upper and lower trapezius,
serratus anterior muscles is essential to maintain the stability of shoulder joint. But if there is an imbalance of
these muscles, it would occur many problems of shoulder joint. A push-up plus exercise with an unstable support
is used in order to increase the muscle activity and stimulate the proprioception of shoulder joint. The purpose of
this study was to compare the muscle activity of upper and lower trapezius, serratus anterior muscles and to
determine which exercise is more effective when subjects perform push-up plus exercise in the stable support and
unstable support. 15 healthy subjects and 15 painful subjects with injury of shoulder joint participated in this
study. Surface electromyography data were collected during plus phase of push-up plus exercise. The types of
push-up plus exercise were composed of three conditions. Stable type is subjects performed the push-up plus
exercise on the fixed support and unstable type 1 is on the sling without shaking and unstable type 2 is on the
sling with shaking by tester’s manual. The upper and lower trapezius activities of injured group were higher than
uninjured group at three measure conditions, but serratus anterior activities were not. The UT/SA ratio of injured
group was higher than uninjured group at three measure conditions. The serratus anterior activities were most
high at unstable 2 measure in both groups. The UT/SA ratio was most low at unstable 2 measure condition in
injured group only. The present result revealed that push-up plus exercise in the unstable support with shaking
which took most high serratus anterior activities and most low of UT/SA ratio is optimal cure method that can
improve the imbalance of the scapular stabilizer.
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I.A &

AwAEY FAAJA Ve AL A
A FL3Y, oA ARE BIANE FAE o
g BEEY ALy F¥o JEFh(Decker
S, 1999; Hess, 2000). A#d EFA= 3334
wH daade 34, A BH, ¥4 #3Es
A B AF #d, A¥3 A= o)A
=, 53 AgadEe #-e 7A@ EFEA A
dojus &5 FAloln gFA FAHEA o7y
AAY, P A7 A3 Wy Agirg
250 o9&l ch(Jamess} Carl, 2004). 118 2
& ARAEE Hol e &L AR BAHYY

798 4N BALE YA BEelFn gleu,
HEERE BX GREwo] BAskst FEA7 o)
Bol gowEsh BHN BIIHH e Be

Bl ARyt LAEH
James$} Carl, 2004).

doh 2e FEA TAZ BAGE BAF
nges] QM AE 299 dd 28L
< AN NE TFH 248 FLIHSaha,
1971; Peat, 1986; Kronberg 5, 1990). ZA#d2] <
75"‘“£ A Fste AHPET WA Z(scapular stabilizers)
%«l E3AE dodl7l 3 A2
?}] Zgated, qrlde AAS, FS

Zo] XgsltH(Lears} Gross, 1998).
yad % 4 A% 84 Agere
F AAZeIH, A% x7] dA
SR RE AU 23l
Yo 71t} (Bagget Forrest, 1986;
¥ Rugo, 1987; Wadsworth 2}
Bullock-Saxton, 1997; Kibler, 1998; Lear$} Gross,
1998). 53] AAZL A=Y 5H# ZH Sl
o9 FadA FAgsted, o2 od AF - 2
S5 BEo A= AT IR B BA
(posterior tipping)E ¥27lv AZTo] Z7] WEF
o olgd ARFT ¥ FEoE EHHH, AH
F9] A& WA F4S IH(Dvir® Berme,
1978; Inman %, 1996). A4 4ZF S AZE o AHS
AFZL AT AAHA A 2AHYe =4
e, ol A8 Add wWe FodA FAE
g hLudewig 5, 2004). A% AL HE3 ¥
e B3ty FAAHI AR-2E H5E FAAT
W, 47tz Zol-3y wAS Ausstdl Fo)
g Faso
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1996; Ludewig 3, 1996; Ludewig®} Cook, 2000).
42 dA S B 54 ATFAE e
IgARAEL IAEE Fa AA2$AY 5
I} FhE olssteiz FFHSoderberg®}t Knutson,
2000). 2d=e 28T 47 HHe BHFge=
A ovlaE gt PelA FH/PEHeE A
4% & e, o AoAe A TEAHEE
FR3e Y F olF H8d IdFTPHEeE 44
%S, 2005, Bagg$} Forrest,

olo] wet AFAE (A Jldse A
A= @771 olFA L e,
B3t FESFT, AL FAGE, JA2A 4
% T2 A4 %f’ﬂH AASH %
SEIZY ZEAH: EFE¥e] FHAHAH(Moseley
%, 1992, Wadsworth®} Bullock-Saxton, 1997; Lear$}
Gross, 1998, McQuade %, 1998, Decker %, 1999;
Cools 5, 2003; Ludewig 5, 2004). 44 44 =}
9,] 7(:,]_?_ A o) 31,}5__6'}. %)ﬂi}‘_—. 2-171:1.91 ot
3tE BAEVIE 3, Az HALAHA He
2 FEFTIFTE doIIR dted, RS Y
A2 ET¥e dAREY oE8AYE Y
A H(Ludewigs} Cook, 2000). Sahrmann(2002)&
#adel Wo MR AP 4] A8
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3 ¢% zzagd ARE 4y F¥L
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F o]83l3L 3l tHEllenbecker$} Davies, 2001).

oz dFEoH SR AR AASE F
AstA A3HA7171 et A6 tiEd 23
FETEIY F BEHYH7|(push-up plus) F&
o] o]&3t3 ¢led, %—71?‘51?11]7](pu5h-up plus)
FEold 71 TFHHY) T Hrle viA
o gA v AREE HUR AJMATE &%)
(Moseley 5, 1992; Decker &, 1999; Ellenbecker
9} Davies, 2001).

244 5(2003)7 Lear9} Gross(1998)= T3
H7l & & o AV 175584 4L A
F3 ZFY EFAHE FIANIN] Yo BAA
g AAYE ol &stdedl, 53 £HEFAH(sling
exercise therapy)e I H A XHA L L=}
dggel Bt oy 2L AHAANE 4FA
J EEWReR AR ZAF B 4L E
ZANNHAAE, 2003). &7

[ AN

H

oA Wiy &5& o 3
A3uo} aHe] e 28E
FFYE FASeH o8P AFE FA HE
AEE e 4 QA shed, Ande] vy B
ol 715Nt Ae BE, E%’%%ﬂ?—z— o
A49% 24 FAL AwAY AL BA
= ¢ FESHeAd 5, 2003, Brumagne %,
1999; Kirkesola, 2000).

Kirkesola(2004)= £EL gcx=
(shaking) 21FAZFE F@, $F Ao BAPHL
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(Brook, 1983; Gandevia &, 1992). 1-f48-%
o 4o Yo HEF B £F A B2
s B5%0) YR %A Yolmz A

T HRAbSE P 8ol AAHI, 2 A A
Ba7l wtEroz A sz B
SZo] wAlElA " chForwelldt Carnahan, 1996).
AAH RR5EA AAE A4 289 Fool
P FagH, 259 EF30 d& By #HY
LREEH Bze] 49 5 okParkhursts}
Burnett, 1994). Zarins¢} Rowe(1984)= 714 A A3
$52AL Ysa) 93 UL Tolok ¥ 2¥

A 28 $30] ohd ojr) 2559 WS
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ga3ty, AAT F5AFe] a7€h :LEM l
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oz AR AAWAA FFFHH7] I%‘E‘ Eig
W ART F9 Z8E, 53] A@T 22 A
L3l SR, SEED, AAZ dE 284
T BN AFEL v$ E5E ARolnE, #
F8H7] &5 Al AAAY zlold] @& o5 K
S9 2R A3} TFEHILH Jd¥e dBE
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21 AANEES d= 5L Ivech

2) A JH(stable) A AH: G npFupg 2
o] E5YA ¥3 1Y WL v

3) B<¢tA4 3t (unstable) A X H: F3

g &5E 98
o &£YPEFINTFE o EETE AAWE 9
u] gk},

4) A% A (shaking stimulation): &% &
&og E5 T AFE F= ALE, AFAF
o] AEL 10cm oY E 3tx 3~4Hzo £E2 5%
¢ At
3. A3
1) 235 A3 3 9 4 A=A

IFSH7] &5 A FSERIH RS, IAZ
o Z8AZE SFAEr g8 ER A

MP150WSW(BIOPAC System Inc. CA, USA)S AH&
FAck FP¥E EA ITHE ofdRa AIE
MPISOWSWZ Bz tixg A5z A o,
Mg AFEA  Acgknowledge 3.7.3(BIOPAC
System Inc. Santa Babara, USA) AZE o] & o] &
3] WE Y Vet A AHE A

2) £3TF

£ dtdMe BEdHr] 258 e % B
AT AARE AFsr] A EHLEFNT
(Therapimaster®, Norway)& ©|-&39 0

4. A7AZ

1) 2AE &3 F4
A¥Ae 2T s 25°CE gAsA FAsta, I

2 Age gaAg)7] Astd WEs2 g9g A
B F ALz WNREDS BAY 33 AARY
2RE AE 5P A3 A AY 22 DB

BHhRos o} Hog AL FoED
FE7)9F AR Atole] F3F Ao, &
Aol #E gl 258 o FF
AT 3G £o2 1/4AHE ot B
oo e BY A2 AN
3rol AT PR 9=
A 25Ee A s AYF EYEY
ash obehe B2 &F Aolo] TStk A
9 24%o] R Fol Holk TRE P o
&, 4 259 2 3% IREE w2t F9 A5 (activate
electrode)¥} 7]ZF A (reference electrode)& 3§ °.
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A= &l WFol 2 25t B3,
Z+ A5 FAAelY AZE 2emol 2 FEIFAT
(Cram 5, 1998). ¥ <dF9 TH= ZSHd<
Ag/AgCl Meditrace (Kendall®, Canada) ZHAZ
< AH&sHRT

1) Ade A 2 HdolM ZH=E N3 E
He £ JYEE T

(2 2Hx Az9 REFZEES 1,000Hz(1,000
samples/second) 2 3} T}

(3 %2 #HIE& 60~500HzY]
(band pass filter)= W& H stYG o}

(@) "< AAS7] 3h 60Hze] 3B (notch
filter)E o]-&3} 4t}

(B) & K] T ALEFYL FHE JNEZE A
ZF3lst7] 8] & ak(root mean square, RMS)
Aelg ok

SR

3) 47744

A3E &3TolA FE5& XS BFIH7] &
T A¥dd vk FEE FUoE=ER, £¥HSE
233 FF9 R EF5E FHE&3IAAT 7Y T2
AL 93l 283F neATAARE #3ds 22
g FFIAHETS FHE}ATH, Decker F
(19995 £#HS I FFsny] 52 £
Ag AW FF3H7] EFET ol HA EH
ME, FAIR 24 A& =58 + Ut 3
. ZEAE FF Hdd dFdEAE &R 7§
o7} Wlel2 ¥y utghe] dn FHAS &4H A

ks
e d=d o, A7 F FHE A
dEIAT A= )y %
A, A& 24: FAE Al &} F&EE
I e wolgt F = €
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A
o

ANSAT. tgx

FZHH7] &% e wEE
7 €% whAgplus) BANAN 523 Hul A%
T AAE AN $H02 AL, oY 45w
23 422, AATY 2AE VEE VY
ooolRe Al W dxoz ANRZ, o AL 3
8§ wRst. T o0 PEe £38 88 By
39 AXBAN BFHA7) 25 S ASHE RO
2, 2 WA s e 852 oY @A 5
270 584 %2 AL A% PEe &
4 goln BFHM7) $ES AT oA @
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ANA 52 THA 52 XY o £ &9
A% AF(shaking stimulation)& £o 2 H&3l=

Aoz, JEATY AFL 1W0em o WfE
3~4Hz9] £x2 523 HEsth A7 3
oA EFF¥H7] &F A v AY gAFA Hd
AT AJE 527 FHAH FF5LE A
& ZAAE AHEEAen, 29EE 9] )
4 ¥y Abolell 1089 FAAEE FUAH
deRIH SRS, AAZY EFHAE EE
3H(normalization)3d} 7] 98] Z+ 289 T4 AFA}
A Ho THA FZF(maximum voluntary
isometric contraction) A ZHZAHEE =AY
BeRd AAe 7GR AnES fEe A
$e ARY W % BFeE WE AT 8
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1) 4T BEATE 1 ASREI, SRS 1
du AAZ ZTAHEY ASEI/AAZ HY
Aols Polrr {3 EPIFE  +-7A

(independent t-test)2 A}-&-3}%th.

2) &7 vEAFdA 3 AW AF
43¢ AgSA e BTAHP AAW, AF A4S
< A& EUAT AAWA wE ’%%J.E‘ Eacy
EZ, AAZY 8RS AeERI/AAZ ¥
solg Lolmyl s A9 EHEH(one-way
ANOVA)E o|g&3lgoen, 7+ 289 Z8AHES
S84 E v g F4 WY L Afo]E AR
28] Scheffeo] Wy oz A}Z A (post-hoc)E 2A|
stk

m. A74a3%
1L Q5ddAe] vzl §4
Aol FAg AFdEdAE F 308 (F 159

3 ol 21401 524 Ato] Kt Hl*
(¢ 8% A7 HT A% 35.00+10.514 0]
I, "HFE A 166.73+7.50cm, B AT
64.60+13.31kgol it} &4 (4 78, o 8%)e Ha

2.2 33.93+0.964 013, HF AL 164.5346.57cn
oloen, B AFL 62.67:8.19%kgo] ATHE 1).

Variables Uninjured group (n;=15) Injured group (ny=15) t P
Age (yrs) 35.00 +10.51 33.93 £0.96 313 .757
Height (cm) 166.73 +7.50 164.53 +6.57 854 401
Weight (kg) 64.60 +13.31 62.67 +8.19 479 .636
M+SD

2. ¥ & H 479 28

TEH7] TS T A 285 2EHEE M
A AIHE 2), AT SR 8= A 7t
A &A wWyolA Zzh 27.73+597, 25.97+4.90,
28.28+6.400. 2 H|&AT FEAE Bt {3 B3t
o8(p<05), &Y SR TYHE 9 4

44.98+14.42, 45.19+15.00, 44.97+14.700.2 v|EAT
o] SHAHE 1o} folahAl Ekrhp<05). Tejut WA
29 ZEHEE BE &3 WA &AET B)&A
T 2ol Aoz IATHAR Y, 2,3).

3. MlERTH &4 2EAE v vw
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BEHY] 258 T yeuIR AAT Y B
PHE E T 2, £4T FERI/AA
Hl&= Zhzh 1.05+0.54, 0.76+0.14, 0.71:0.162. 2 A 7}

A &3 oy 25N EdT 2ok K8 =
SteH(p<.05)(E 3).

X 2 HEATH ST 2EAHE v

Variables Uninjured group (n;=15) Injured group (n,=15) t p

Stable 15.15 #3.11 27.73 £5.97 -7.242 .000

UT Unstable 1 14.24 £3.23 25.97 +4.90 -7.743 .000
Unstable 2 17.53 £7.02 28.28 +6.40 -4.385 .000

Stable 34.93 £11.63 44.98 +14.42 -2.101 .045

LT Unstable 1 33.13 £12.43 45.19 +15.00 -2.396 .024
Unstable 2 32.73 £13.86 4497 £14.70 -2.344 026

Stable 31.78 £5.91 30.00 +9.78 .601 553

SA Unstable 1 36.18 +6.95 35.32 £9.30 288 775
Unstable 2 40.11 +7.90 42.24 +12.58 -.556 .583

M=+SD(%MVIC)

UT: Upper trapezius, LT: Lower trapezius, SA: Serratus anterior

Stable: push-up plus on fixed support
Unstablel: push-up plus on sling without shaking
Unstable2: push-up plus on sling with shaking

FMVIC
g

20+

104

Stable  Urstablel UnstableZ

O3 1 & &4 AEERS
ZE8A4E "
* p<.05

BMVIC

Ummured group
B Injured group

Stable Unstablel Unstable2

O3 2. ¥EATEH E4TY RS
284 E dlu
* p<.05

76

4. vlE=Ag7o] S4 Yo g 28Ax vw

B &AFAA AAZY FHHEE A 7HA 24 W
ol wta} z}hz} 31.78+591, 36.18+6.95, 40.11+7.900.2
FoatA EolH o (p<.05), F5EZH RIS
Frolgk 2pol 7t UATHIE 4). Scheffed] A FE A A 2
I AAZY ZENEE AT AAEANA B3
H7 5L e A4G AF5AFTS FET B2F
3 A A Ao M FFEH7) 5L e S 7ol 79
3 24o] 7} AATHP<05)(L Y 4).

50

BMVIC

40

304

204

104

) Uninjured group
W Injured group

0~

Stable Unstablel

O9 3. vl dE &3] A S8 Rl

UnstableZ




st S e 8 618] %] 2005, 114 2.5, 71-82

& 3 HERTY ST ZEAHE ¥ vw

Variables Muscle ratio  Uninjured group (m=15) Injured group (n,=15)  t p
Stable 0.49 £0.11 1.05 +0.54 -4.013 .000
UT/SA ratio Unstable 1 0.40 +0.08 0.76 +0.14 -8.638 .000
Unstable 2 0.43 +0.12 0.71 £0.16 -5.261 .000

M+SD(muscle activity ratio)

UT/SA ratio: Upper trapezius/Serratus anterior muscle activity ratio

E 4 WESHTY £ Wi IE S¥AHx Hw (m=15)
Variables Stable Unstable 1 Unstable 2 F P
uT 15.15 +3.11 14.24 +£3.23 17.53 £7.02 1.877 166
LT 34.93 £11.63 33.13 £12.43 32.73 £13.86 128 880
SA 31.78 +5.91 36.18 +6.95 40.11 £7.90 5.358 .008
M+SD(%MVIC)

5 &4 54 W 4E 284 x v

TN FAZ 28T A 7HA 4 el
uh2} z+z} 30.00+9.78, 35.32+9.30, 42.24+12.582 -9

# 2ol7} AKUTHGE 5). Scheffee] A4 2% AA
2o TYARE D AW N BEHAY) &5
2 3 299 AEAZTS AL BAHY A AW

A BRI 25 e A 2ol @ Aol

S Ao p<05), AR H AFR2E fo  AATHP<05)(2H 5).
E5.E4TY S U mE 2245 v (n=15)
Variables Stable Unstable 1 Unstable 2 F p
uT 27.73 £5.97 25.97 +4.90 28.28 +6.40 .651 527
LT 4498 +14.42 45.19 +£15.00 44.97 £14.70 .001 999
SA 30.00 +9.78 35.32 +9.30 4224 +12.58 4.974 012
M=SD(%MVIC)
§ 50 = :;_:'
40
30-
20-
10-
{71 Stable
S Unstablel
o- M Urstable2
sA uT
O9 4 HEdTY 54 B wE 284s I 5 &4Te 4 el wE 284
H] 3 H] 3
* p<.05 * p<.05

Kl

W AEAFE AgHA e AR AAY,
AFATE 48T BARF AAW) we} BF fo
& Aoz} YSUTHE 6)
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X 6. H]&

dael 54 i e 284 ¥ Hw (m=15)
Variables Stable Unstable 1 Unstable 2 F p
UT/SA ratio 0.49 +0.11 0.40 +0.08 0.43 +0.12 2.566 .089
M+SD(muscle activity ratio)
7. 3T £ PR gE 2843x v Nw Scheffed] AlF73%3 2%, FsRI/AAZ ¥e
(G AAHAAM BFHH 7] FS e 459 2
E}TAN FeRZ/AAS Hle 34 P met TATE A4 AT AAAANA FFHH7| &

Z}zt 1.05+0.54, 0.76+0.14, 0.71:0162.2 §-2J8A @ & e AS ol {3 2ol 7t A TH(p<.05).
A Hp<.05)(X 7).
R7 &30 S W O E Z8AHE v Hjw (n2=15)
Variables Stable Unstable 1 Unstable 2 F p
UT/SA ratio 1.05 +0.54 0.76 +0.14 0.71 +0.16 4.763 014

Mz+SD(muslce activity ratio)

g H2o A
e %lsm_, e ojAo]

(macrotrauma)®} £&& @3tk AA sl AP
g3 chKirkesola, 2004). %529 Fmwgo] Wals}
EA Wgoz HAEEol WEIA Hi ol
oz wAE & g, $EEFT A
§ta HEoA Blojd AL ou|dtar, oA
9 AN dygTd FLo Wit

el th(Sahrmann, 2002).

Asd & 9 ART HIe=
a3 deR, AASY AL A
59 YHoz HLdted, T FHES
doja Fort tﬂi}ﬂﬂb} Ao o3 F2
AFo] A7H TFHHLE BT %t}(Kibler, 1998;
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ox fo o Ho 2
a8 ol
rd

i?‘irﬂ.;&ﬂﬂOO?ﬂJ

ar ol ﬂﬁo
o M o
oTi o £

ik oo

d

Hzed, 53 Ax= _“:%__o,] EFEE dodle
Z8%F 289 AAZL g A7AEC &) €@
F5o] $%thMoseley 5, 1992; Decker &, 1999
Ludewigs} Cook, 2000; Ludewig %, 2004). HAZ
o] MaE ART IJAY AJE BN ¢
Awrs oz AAFNEZ o]xHAY
3 JAIZNY @4E zdE + A3,
FHEFHAE F2ANE F ,\10"1 AAZ
F% elo|o] £AFo] WAste Ja@Ee wA

il ofN n
Y ON

1o o
JJ
;

lo o o al fo

o 2EH2E U F UrhAlegrucd 5, 1994). THef,
AATY EAz AZo ulAAAHAL 23U v
gtk olAe A% A 4% FA 9
3 A, F4BAEd #E F99 T #A3=
33 Aoz JFE FA Ah(Warner 5, 1992
Wilke} Arrigo, 1993).

olglF ARF BT FAl disl AHH A
AAF A8, WANES} 2 ARPEE AHEHD
Aoy, HZoe ZH 3 H7)(push up plus) &5
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