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Abstract

Electromyographic Activation of Lumbar Multifidus Muscle
Induced by Horizontal Shoulder Extension Exercise:
Comparison of Four Intensity Levels of the Exercise

Yun—Kyung Bang, Dong—Joon Yoonl, Hee—Yeon Yoonl, Suhn—Yeop Kim!
Dept. of Physical Therapy, Bundang Jesaeng General Hospital
Dept. of Physical Therapy, College of Health and Sports Science, Daejeon University'

Purpose : To identify whether isometric shoulder horizontal extension (ISHE) exercise could sufficiently
activate the lumbar multifidus muscle, and to determine appropriate exercise intensity to increase muscle
strength. Methods : Twenty healthy volunteers (10 males and 10 females) participated in this study. ISHE
exercises on the dominant side were performed with 90° shoulder abduction held in 90° elbow flexion so
that their arms were in the horizontal plane. Electromyographic (EMG) measurements of multifidus activation
were performed in standing and supine positions, and were taken under four strength conditions: 75%, 50%
and 25% of maximum shoulder horizontal extension strength, and maximum strength. Results : The EMG
activations of both lumbar multifidus increased significantly with ISHE exercises of larger % strength (p<.05).
In their multifidus EMG data measured in standing and supine positions, men differed significantly in their
75%, 50% and 25% strength for both sides (p<.05), and women differed significantly in their 75%, 50%
and 25% strength on their 5th lumbar vertebrae's left side, but 75% only for their 5th lumbar vertebrae's
right side (p<.05). The EMG data of 5th lumbar vertebrae's left and 5th lumbar vertebrae's right sides
appeared to differ significantly at all strength levels for men while standing, but only at the 25% level for
women in the supine position (p<.05). These findings indicate that ISHE exercises can be considered a
beneficial method to enhance the multifidus strength. Conclusion : This study provides useful information for
further study in this field.
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TS5 tE2e @49 H
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68.90£10.50

Ho o Rl xR

107, o9#} 10

2 23.30£3.74A4

o%x} 22.30%1.254 ¢t
o 932 172.50+5.66 cm, 9=} 160.30+£3.89 cm
R, AT GEA

|
51.50+2.80 kgo] Q¥ 1)

kg, oAk

W 9 (n=10) AH(n=10)

A (n=20)

vol(A)  24.3045.08°  22.30+1.25
A#(em)  172.50+5.66  160.30+3.89
AZ(kg) 68.90£10.50  51.50%2.80

23.30£3.74
166.40£7.84
60.20£11.65

2. % ZAxd e
A AAl A FEAE

o] EAHCR Fo3 Ao]7} YATH(’=28.92,

p<.0)(% 2). & A= 71 =AolE

100% 9 75%° A =4

(p<.05), 100%%+ 50%,

o Fol@ Aol7} 99

100%%}F 25%,

75%%F 50%,

75%F 25%, 50%%F 25%NAME EAFOE F93F
2ke]7F A (A THp<.01). 5 thE 9] AL Hlaof A

= BAMeR  §93%  Aol7h AATH*=28.08,
p<.01)(% 2). & ZXE e Ho|E Hlwd A}
100%9 75%0A EAHoR F93% 2ol7l Ao
(p<.05), 100%} 50%, 100%%t 25%, 75%<F 50%,
75%%¢ 25%, 50%$} 25%ME EAZHOZ o3
zto] 7F A THp<.01).

IR 78 A A FA2s &5 AR
gd @hEe SAHSR Fofs }017} Ao
(x°=28.92, p<.01)(F 2), €5 Z= 39 zo]S H
wet A7 BE vl SAHORE froldk Aol st 9l
AH(p<.01). 5 dde RN E FAHSR
Folg 2ol 7t A om (x =27.72, p<.01), +5 4=
o] Aol & wwE Ay BE "adA FAHCE #
S ZFol7F AT (p<.01).
A A A oxteE 5 Fro] weE #/5 gds
BT FAHOR Fo3 2ol7h AATHy
p<.01)(E 3). *F A% zto] AolE Hue ZA
100%} 75% A EA A o= fFoldk xlo]7t AL
(p<.05), 100%<} 50%, 100%%t 25%, 75%<F 50%,
75%<F 25%, 50%%F 25%01]*13 EAHoZ Holst
2ol 7 A THp<.01). = Jd2Y FA TS H o
MNE BAHo= %916& 2ol 7F - AATH P =28.92,
p<.01)(% 3). &% Z% 7t zo]Z H|ud A}
100%%}F 75%°01 A EAA R foldt zfol7t gllom
(p<.05), 100%% 50%, 100%} 25%, 75%% 50%,
75%9 25%, 50%%t 25%AE EAHOR Holt
ko] 7k AATH(p<.01).

gl 33

o

£ 2w £% 4uel me dde B v 9 A4 g
5% 2
AR 100% 75% 50% 75% 5
o= A A 98.52450.0°  74.39436.98 43.10£23.16  25.35+1029 _ 28.08"
TT oA 107.13447.93 452042429  24.84+11.00  16.33+3.09 27.72"
7 — 56 —2.40" —2.29" ~2.80"
4= A A 1122035016 885224501  56.04%28.67 31911489 28.02°
T ouseaW 116.82451.73  50.02422.54 235141241  12.3148.84 28.92"
7 — 87 ~2.60" —2.70" ~2.80"

ﬂ&(%)+4%fﬁ Ak
p<.05, "p<.01
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3. o4 £% FEel mE nd B4 ww D A4 2k 6
O T 711
AR} A} & Lo w 2
FAA 100% 75% 50% 25% ’
on A AA 43.66+19.22° 35.27+16.34 25.07£11.56 17.59+6.23 28.927
T wR Rl 37.23+28.46 28.144+17.35 16.05+2.72 14.53+.74 25.56™
7 —.56 — .66 —-2.70° -1.68 —-1.17
4= 2 AA 49.64+19.40 41.54+16.59 28.20+11.14 18.65+5.70 28.92™
T HR AR 37.79+29.98 27.58+16.42 11.8046.70 7.06+2.86 24,24
7 — .87 —1.48 —2.50" —2.80" —2.80"
Hd (%)t EFHAL,
p<.05, “p<.01
HEZ 78 AAGA AR &5 A og #Z5 Koz Fost o)z AT (2™ 6).
gads ddze FAHeZ fFogk Aol ATy
’=24.24, p<.01)(F 3). &% 4% ko] o] & nlud S .
A 100%% 75%A4 AR foF Aol7h gl 5 g Wi
Qo 100%St 50%, 100%St 25%, 75%9F 50%, > 1601 o~ -
75%9F 25%, 50%%} 25%)HE EARoR HolF ému o
Afel7k Q8T (p<.01). 5 i Faxe] o)A 2 .
T EAROR  foF Aol7h  AATHx*=25.56, o 0] =&
p<. 01). &% 701'—11:— Z_]’gl f(]-O]—g— ] sk 7‘33“4' 100%9]’ E -ﬁi
5% EAASE fFold zte]7b AN H (p<.05), 0 25% 50% 75% 100%
100%SF 50%, 100%S¢ 25%, 75%$¢ 50%, 75%%F INTENSITY

25%, 50%%F 25%oAME EAZFOZ Fodt xlo]r}
AR (p<.01).

3. F5, 5 dd2 24=9 Hu
A Al A g Aol ISHE

A

-

e

°
e
o

i

o
o

ok
10
o

[@)]
(e}
R
oy

o,

By e S
dv
o
%
iu)
e
r
)
=
o
1o
ged

[
o
\

-0

o A Aol ISHE
$% g B4R wag )
Vi

2 n

Hl =
Z,_«
1

ow 9=

=

ISHE &%
Rl RS
(29 5).

o

RN T

a3 3. gk A Aol 95 e wla
"RMS: PMVIC: maximal

root mean square,
voluntary isometric contraction.
p<.05, "p<.01
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200+ _
—_ e R
2 -
o [ EE
= 1504
=
S
%0 100+
=
14
¢ 50+
m (]

25% 50% 75% 100%
INTENSITY

a7 5. ogxpe] A ZpAellA 295 thh Hlal
‘RMS: root mean square, "MVIC: maximal

voluntary isometric contraction.

200+

e %=
= —
) TS
= 1504
=
&
7, 100
=
[
o 504 *
o I o P ™ J I
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INTENSITY

a7 6. o] vl S AAellA 295 T vla
‘RMS: root mean square, "MVIC: maximal
voluntary isometric contraction.

p<.05.

IS

EAAAE GdZ SHEY "L
929 ISHE &% 7o wpE vtz A zAe} vz
& A9 %5 i GRS HuE HEF HA
How dxe ¥ 9 HAS s W, 100%
o] A At vpE e AA 7 welA BAE L
frojsk Apolzh glodth Wb 75%, 50%, 25% =
A ApAleh vbE g 24 ZE Hlale A SAA o R
o) gk z}o] 7k AATHp<.01) (3 2).
= tda @AEY HuAME 100% A= A
ZpA b vk = ZbA ZF vlalel| A A o2 fref gt
2ol 7k ATk WA 75%, 50%, 25% =] A ARA
o} vtz & A4 7F Hladd BAHeR fo3 A
°]7} ARATHp<.05) (& 2).
o}Ake] ISHE & 7ol wE A AAeh ut=2 ¢
H

A AE vde BAwe) WaE wey 24

do 1o K o) o 4

oR due Fu wf A4s sals W, 100% 2=
of A ARAle whR GpE ARAL gE wlael A g A A 0w
fre gk Aol 7k It 75%, 50%, 25% Aol A A

Aot Bl2 7 A F vl A SAH R fofsh
zko]7F AATHp<.01) (3 3).

$-= gdo G HwoME 75% AR A
ZbAeF BER - AAE g Wy SAHCRE
o]k o] 7k 2l e (p<.01), YA = EAHCE #
olgk zto] 7t AUATHEE 3).

T 850 e Ae 8 AFd fAg 255
o 9% Axr7b o AstHo] lom(Cooper T,
1992), Danneels 5(2001)2] <A<
(computerized tomography)o & W N
FFTEFo] FREHow fFE] e AS Gl
o, Kader & (1999)¢ 2713993 (magnetic
resonance imaging) ATIAE &
9] 80% $1Fol FRIFHATE oA
TS5 H52 FHF9 B4
A HES E3lE AR
L2353 ZJgEd dHA
Tx= Holdth(Macintosh 5, 1986). &5
o] 8 tdd digt F848e B dATFES &3
SH ¥ o] gkom(Cholewicki 5, 1997; Moseley &
2002, Solomonow &, 1998), Granata®} Orishimo
(2001), Nielsen 5(1998)2 A7} &2
g 85 SFEo A 43 "Arte A
t}. SHAIRF Arokoski 5(1999)¥ Behm &
TS FYsE T AN L5 FAg)o] #st
& ATdAE VEe] He 543 F37t 485A
AT}, olell B AFol A= I
THAOR FYIUE W +F A= wE v
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FA RS ARSI Moseley §(2002)2 72
5 = e a3 AR, AR a9
Lo 3k AFeA HS AATE ARG
A o] X+ Ed(torque) Fo2&
Aol F85HA 283tk (Duffe} Sainburg
2007; Sainburg®} Wang 2002). &% ZA-$(motor
adaptation)dll #g divhy AFELS AS FA A =
A& g3l g so] ko w(Schabowsky &, 2007),
FAZ FA L} v M S A Abold 24 7)ol thE
H, F A eleE vE A4S /A2 Jdvka g
(Sainburg®} Kalakanis 2000; Sainburg®} Wang,
2002).
de Souza Castelo Oliveira®} Gongcalves 5 (2008)
2 AAY A &5E s 3 85 2559 84
of 3t AFeA A AAA AAEFS FE
ol WY BE AEE A&t 8F 25

8 & 4 domz Fos esvm a9

>N
FIO o:

g

Tarnanen 5(2008)2 534 A &&= A AA|olA
TIIS w9} AL TS TS wW gES 4=
oF AN 4 Qtha siglen, 54 A 2S5 1

ZH < (feedforward) 7102 A&} 31271 %4 o]7]
Aol vl &3t "vke A7 2t AATH Aruin?
Latash, 1995; Hodges®} Richardson, 1997a, 1997b).
A A E 712 Al 93 dES GAEE HA
s} ezt wpR e ApAelA = S Aldste] A
ApAlel A o] T A et HaLE skl
o)A HakE: Abgste]l ARF 2550 39 2AE

Bk A8 A5 7ol He FekE AFgow At
23 $th(Arokoski 5, 1999; Arokoski &, 2001;
Behm -5, 2005). &A|¥k 7|0l ¥ FotE AMEehe
A BAZ ool W FE gk 1 olfi dAAE

[e) O
)

ﬂlﬂl

pht 27l §eke] AEVF vE 4 gl7] wiield
ARk oot A AEe W 2HE fedl 4
HEs B o)d AFEelA dWAQl Fart vi w
AT AlgHide] AUt Arokoski 5(1999) A &4
EEE T AWE AW 75l dE AelA Ao
FoA FHe] B ALE 50%9 25% °lFE 33
orn, kg3t 55 T T HF 259 7l o
g AN e FoH R A FEE 50% ol
2 39t (Arokoski %, 2001). olo] ¥ Al

Arokoski IZ‘,(1999)Jf} Tarnanen 0(2 08)9 A=
aste] BRE gt Al Adg HatE 571 98 Hul
THo 2 ISHE w65 % 23] sdsds wel I+

75%, 50%, 25% 4 we] &5 H=E 2

oxl Mo
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o,
Y
o 4

off ¢

= 2
o Mo > 2
N
N
k1
S Y
=
=]

o
ol
o
rir

=)
=
2
=
o
=
D
=
|
[N}
S
x
R
= >
e olo
w %
=2 ot X ot rr v

2
b
2

M 30 O dd O W Ho
N
i

(Castroflorio %, 2005; Cote2} Mathieu, 2000; Falla
S, 2002; Hogrel %, 1998; Kiryu %, 1996; Li¢}
Sakamoto, 1996; Mercer %, 2006). ¥H <HA=+=

B2 AeA 545, &5 @959 TEREANIE g
g uhe] S opyey A=, Bk, A7) e
T ujx e} e v AYFH EHS oA gegS b

= (Deluca, 1997; Farina &, 2004). 7}7boldl| Q=
AR AFE2FEHe 7150 Bn §old W IHE
T AAY HFIH TE a8 3o 1%501— o}
7P 2 vgdae g4 vl Aew oA o
(Arokoski &, 1999).

2. AFA=d g uF

2 AgoA ISHE &5 3 u 7
75%, 50%, 25%% Y7ol vhde] &4
A, 5 AR 7P A JojAE =
o3k AolE HATH(p<.01). 3FAT de Souza
Castelo Oliveira®} Goncalves(2008)2] A7tol A A<k
S 40%, 35%, 30%, 25%
NI = F

o]+ A(biceps curl) &%
o] AR 73S wl, FE T vlue
AHo R fFo3 2o]7t ISt

Tarnanen 5 (2008)2] ¢d-toA ISHE ¥+&&
A5, 5 543, oEAE, HAD, dro‘:i%%
SIS o, #F5 HAAH vl M A &
HATE . AFoA HFH 5 tEEY %“é
H W3FR S o, FAke] A ZAdAe] BE e
= gdang A7 o, B

o
l—ﬂo?n:E_?L‘
=l

rr

20 g okl

= OﬂE—O
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L3e 5 FYRe R F MFA ol Sk A
°of 7bsatth. olel TRAANA e FYES X
23t ataal vk2 S AAYME ISHE &5& Al
shSitt. o] wl 7 ARkl mlael M HAbs #5, S-
5 gdold 100% ZEE A BE FEAA F
o1 2kl 7k ARTH(P<.05). oAhH= 25 vhdTell M=
100% =5 A BE FmelM Fo o]z} sl
DA RH(p<.05), +F Aol A= 75% FmlAT F
o Apol7h AATH(p<.05)

Al S ped e MAES FEATIE
o Urtep Fnt. 85 <Pt glo] o &l
EHHor Aol bl o] Folx 7] el A
T AR EE AR 2E5dA anew 53
2B dEs 2% TP EFE iAot drt

&+ Ao ARAe dds ddyste ek ddAs
o Fwks wAsiglvheH A &5 e A
oEnke] MRS Fal wokd ¢ e, ol w4
g Mg 5o A48e 1 A S glrh =kl o)
g e ew TlsHA o whEv, Sl &
T FIS Bk G wEn = AW 54 =
AHE Fotel diAtEe] EAE BUbeAT, E gE
AAAN 5450 G A 7] w2 <
T AdE xRAOR ALslde oHwel e
Aolet Abmdh mepA £ e Ads EgE g

F a% Bobgsl Ble] Q= tgRE wr FAL
=

H7HE ANAR A7 ASH o2 oA ok & Aol
V. 2&

& 100%, 75%, 50%, 25%°] 47FA %

[e]

< W gde) gAst s vasiR sk

= AT Ak vEa gk

,_A
L
=

T8 gwe 27kl wek A AA st v
ol

A #%, 3% dde BYE} #9

2. A s +4% W wE
AR 25, $5 A2 BYE 2 @ 7

gk 2ol 7 AR oW (p<.05), -F vhd Lol
2o 3= 9 #Adoh

3. 92
AA 9] o}

< GAEE vusls o, 100% 4=
s AQg =

oGk Apel7h AATH
(p<.05). A= 5 gdolA 100% ZEs Al
oIt BE Aol FoF  Aolzb Ao
(p<.05), = THE=+2 7
ol 7F AN TH(p<.05).

ot i
o
ki
-y
>
o

ol
S
o
k1
=2
>
d
I,
Ho
o
=
i
2

olgel A3t Adel uhel dure ZEe] ISHE &
2 B9 2 95 vde BYEE FNA aFe
A el F e Sna o PR
Hga7] gol o] WEe] aF wergo] gt A
o7 dwHon HEHE 4 ARs LEUEH I
A Ag e Aol AFHL do UY AuES
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