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Effect of Muscle Activation Change of Lower Limb According to
Whole Body Vibration During Different Squat Exercises
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ABSTRACT

The objective of this study was to assess leg muscle activities during whole body vibration (WBV)
training with various squat position exercises. Subjects performed four different squat exercises on a
vibration platform (VM-10, Sonicworld Co.) Ten healthy women volunteers (age 21+1.3 years, height
160+2.1 cm, weight 52+4.6 kg) were selected. EMG signals four leg muscles were taken and analyzed.
The exercises were performed both with 10 seconds WBV and without 10 seconds WBV. Muscle
activities during WBV were compared with non-vibration stimulus. In the result, EMG signals caused
by WBV were significantly higher (P<0.05) compared with non-vibration stimulus in all leg muscles
and squat exercises. The increase in muscle activity caused by Whole body vibration was significantly
higher (P<0.05) in LS and OS compared with HU&HS.

Keyword : Whole body vibration, Electromyography, Squat exercise

4 : 2014.02.15
o=

o
bR S 1 20140222 AANAE 5 (whole body vibration, WBV)<

AAEAGL : 2014.02.26 i g B 2 we
M PAL IRIECER= LA P PS L S PR B 10l ol el ekl AR e
=5

ssh0122@jbnu.ac.kr (54 #}) A= A& T2 FH A8 5 wE a2
Bes Aot @sAe o 43 29, ABFeY, HEUL Y 5 I Ropol
okokokman@naver.com (&% #z}) A dE AR E R s R e Bl
F2E  ASet vl et T ety A a s WBVe] 8= AdAle ZHelr 1S Fa e
combo418@nate.com (&5 A A})
WG - (F)AYLEE dAFF kwonlO@jbnu.ac.kr (A1 A =})

minjy @sonicworld.kr (&% # #}) % R A= 20139 A EAGYN R AE
A f : AEYstw vlolewt) A FEE W A (R0002430)2] A d o 2 o]Fo] A A,



34 Mee=EXzss ==X M8dH M1z (2014.02)

AAAN 71 TS S5A717] A 48 e
HolA =W, olf &3 T4 Z-syAHtonic

vibration reflex)#}+=

MAA L 758 FE dodle Holr2].
Bosco(2000)= WBVe] &2 Al dAde Hxs
FFAI 71, WBVo] W3 & A}=3}¢]

k== <N
=
AR s B3

=

fad

o) &

S
Delecluse(2003) WBVS o] &3 £%o] 20t o
Aol &3 Ad 29 3|
= "WHolgt A Al A THA]. Roelants(2004)° A+

]
200 14E dgoR Mx%f%%‘) 23
o
€]

composition) 2] _i}% SAA Tk %T&%ﬂ k) 33—?-‘4
T7HE FEdna
o 2453 WBVE xﬂ%ﬂ%ﬁ—% sy A
g3 A wolH Y] FHeo| FrtEvt K is)
MEH6]. AsA=3 ZA T3 q
A ol A Torv1nen(2002)~ %X}%LO] stA1 9] 7kt
[e]

oP.L

g

rl
)
S

Wing-Hoi Cheung (2007)& WBV 4 Al 13
58 A i FAZC FHE AFERa, 1
BAol gAo= Q) WA= T‘éﬂ S gk

g9 WBV Z2EZS AosAu11]. £ <
Tob AR A2 Roelants(2004) 52 &
Fe 200 AHES dFozE 2457 WBVE Zﬂ%l@}
s o AAFAANE Ko tﬂ§}7}
o AA AT F/HE Holn
24.4%°] Fog S7HE Holw EHRAHA
X{%P OE Eilauoi z‘zl_&fsl-

e
!

o)

ot

o rf
=
AN by

i

)

%0
)

o K % ¢
1

JE

o,

oo o oo
E Ho ﬂil‘ o
= ol § 2
or H oo L o

rd

)

(<)
o7 Wiy WBVO 3Hx &8 FTrt Y
Gafoll ofFH FIE Ho
Ao14]. o1AH WBV

x
g §& -
oo
)
rr
in)
B=)

=
ot
&2
rlo
rO
U
N
)
o2
o oo

i glen, ANAFELE 71715 ol &ste AHEATL
JASA Srksta dE Aotk ey it
ATES FEAA AAd dg &F ZARE B
stolom, vheket Aol ek QAGEF Gk
m g A o],

uels B AfeME WBVE ais AEs7)

5 ZH(squat motlon)JJr RN
=9 F-Fol g R & A W 54 f

2.1 9@z

B oAgeAE H 609 ool =2AA &

Heo] glom, WBVel ta Aol gl 3

20t) o4 108S Waow Agsdn. W@R

iribo] 23+1.3A4, Hr A 160+2.1cm, HIF
% 52+46kgo 2 FAH ST

o>

of,
==

¥

o

il
2 o ot

22 A" F4

2 AFAANE 3" 139 o] HAXFEE7I
(VM—IO Sonicworld., Ltd., Korea)% 01%3}04 -

Safety Grip

Power

Intensity Control Frequency Control

Vibration Plate Start/stop

PN

/

a3 1. AR S5 7171 (VM-10, Sonicworld,

Co., Ltd, Korea)



Chsh AFE RHA| S A|
3. 48 ¥y 2 Ax

31 243 #x

=2
>
M
ot —
f
o o
!
i)
O>’
o,
in)
4

s
a9 2 B oATel AWwws A

3 & UEhx
At FEAE AeH 25 F A 23delA
N 2AE B SR 2AE FAS 59
B shAd] 2HE 24 2 BALS NS0
Start
H
Non-WBYV test

- Subject : Ten Healthy women

PR »| - Squat Position : LS, HS, 0S5, HU&HS

H - Measurement : Rectus femoris, Vastus
lateralis, Vastus medialis

- Duration : 10 seconds

Rest Time : 15 min

x

3 times repeat

WBV test

- Subject : Ten Healthy women

- Squat Position : LS, HS, 0§, HU&HS

- Measurement : Rectus femoris, Vastus
lateralis, Vastus medialis

- Duration : 10 seconds

- Intensity : 40 Level, Frequency : 25Hz

| Finish

i

a9 2. 43 EEAE
32 4% o4

AR5 29 3% Zo] IsH oA Low
=34 Z+% 90°), High Squat(HS
D ERE Z3 4% 120°), One Leg Squat(OS @ 9]
9 7] & &d3d #23 Z4% 120°), Heel Up &
High Squat(HU&HS : Hw A 3 €34 == 7
= 12002 7AEE 7 2AE 54 2024 3
3] Wi Pt AE A EF AAE A5
< AT 3 w =
2

=l
BRSNS AFsle] 2n=
o}

HUX|SA=0| 5HA| 2ol ojxl= de 35

AE AFE 102 A3, 102 A5AFE AT
SFA R Siu(2010)= F A< ZFA o A 26Hz94 T3
FE o83l AEATES ATIAS W = FA
of AY AA dojdtim RuATH17] &

ANA AFd FuFs 71E ATEAAM ALE
jJr¢[7,16,17,18,19,20]fﬂ P Fael 25HzE A
71718 Arg-ste] @A)

5
= e

OE 7]—1:‘—

A F=dtes ez dAdd 40 g2z 445
A% 7= Bagnoli-EMG  8ch(Delsys Inc.,
Boston, MA, USA)Z ol &da] =12 49 7ol o

g4 (RF : Rectus Femoris), ¥=%3< (VL :
Vastus Lateralis), W&3¥< (VM : Vastus
Medialis) S A3 T3 v 3 A 25 94
o W2 THE A5 Fol7] g8 #d T8
A Aol 12 ARE AR FAHE AAEAH

[21]. A =(DE-3.1, Delsys Boston, MA, USA)S 7}
2 10mm, AE 1mme v 2oz o]Fojx A
g o), Agz FAE wgdF AFEL AEstgd
[22]. 1et2= A2 S=d FEsdn. 54
A% Ho)8 9 root mean square(RMS)3te
#He A5t A9E =&AL A A A

20T < H—E:'— 45-55%+= 3 dASHA A k]

(<

o ! rﬂ

High Squat

. @
=

One Leg Squat

‘l_ll_l:el up & High Squat
29 3 T AAE Bad mE AUAELE

W (Low Squat ; LS @ Knee angle 90°, High
Squat ; HS : Knee angle 120°, Heel Up & High
Squat ; HU&HS Heel Up and Knee angle 120°,

One Leg Squat ; OS : One leg and knee angle



36 Me=EXzss ==X M8dH M1z (2014.02)

Rectus
Femoris

Vastus
Lateralis

Vastus
Medialis

=2 A AsH]
(Bandwidth fﬂ‘cer)E Abgat Tk SAE 10%
7re] dlolE F A - % 2%°] "olHE AAN T
3~8% Apole] A gk EAsAH

A FeldE Fdstr]l s SPSS 18.0 Kor
= ARt 2HE §% A AAZE EMG el €
RMS#tel digh ztzte] i a xFHAE ALtet S

1 RE AygeE Kolmogorovfsmirnov AAE E3

A HdAE den, JeA=a FAF &+
B4 EE vusty] $ste] EHSJE T-AAS A
stk e AFsr A% BASY f9 4
=2 «p<0.05 o|t}

4 2% % 23

41 AF -7 & = &4 9Hs

a9 5% Low Squat 2% A AF A3FE& Al¥
SRS W < &4 WgtE vEd 740]"/} o = A
o 28.7%, 9= toll 13.4%, WS3FLoll 22.4%9
< 24 W3S BHdg £9), lﬂé%%}oﬂﬂ AE2
5 A eF FoAF F7HE BATHp<0.05). 1¥ 62
High Squat &% Al & A& AFsIS wf <

274 WstE yebd ot thE AT 27.6%, 5’43

B 285%, WS3T 211%9 & €4 WEE
Ak = gS5A AT A - F tﬂﬂOﬂH
o3k Aol & B Ao (xp<0.05).

a8 78 Heel Up & High Squat 52t A] %
A5E ATstds w & &4 ¥WsE UEhd Aol
o omEAe 23%, ST 172%, WSHE2
224%° < &4 WsztE Bk =3 g A<
WEFLolA AeAs A - F Fog F/HE BEA
o}, 1% 8& One Leg Squat 5% A A% =&
AZsds W + &4 WstE ek Aol dE
2 189%, 9=3F 135%, WSFtol 19.6%9]
24 ‘*‘ﬁ’re Borh Bg WSFolA AEA
RS oH(+p<0.05).

24_34%—3— anas ATl e A

_ILJ rd

ol
-

oL £ of &
:10
1
o
2
<{
>
N
%,

ro

o St (L ol
M2 ol oy

" ™oox i
i OLN
o
Jif n 2
<
o
m 41
-
RAN) LZ
o M 1y
= o
e 9 o
]
o 3
i) ol
=
SURTRC mllg s

Y

of
X,

u
i)
oX,
o|N
N
)
2
ol

2L

2

-0,
o2

o
tlo
ANt
rir

a9 9~11% 28l wE A = 24 wg
5 e Aol dEAe A% WBY ATA
HS &=&el A 27%, HU&HS 23%, LS 28%, OS
18%°) WaE wgo fo% WaE nolx $

b mE LS B3 A AlY =S & FAS B
Q=34 AL HS B3 oA 28%, HUKHS 17%,
LS 13%, OS 13%¢ W3l=s mgouy #2o3 H3l

g uwold Yk =
A AY 2 e

T3 HS B3ellA WBV AlF

2 & A Z7HE RYu y=3gse
WBV Al&A HS &2tell A 22%, HU&HS 22%, LS
23%, OS 20%<] W3s nyow LS &2 A A
d Ee 2 s HAth BE 34 T84 LS
9} OS%E2to] HU&HS ®u & A Z7l&o] 9
Al =& AdE et

=
=

BE 274 2g04 U 4 54 F LS, 05 ¥
Aol A g e = B FHE mATh ot o
2 B va) LSsk 05 49 wolw} Eol o
Be T #42 fESE AoR wuhd 53



2

°

N

=
S

HE KM Al HAIX

CheFsh &

a < >
: . g
J r %o
: P_I1llllm% - : |
= < o
EEE T * |
= 9 r e i
7 & : 88 g
. = B =Y
- 2D g o
. _v. -= m%
I 2 _
o W - g =
.’ 2 &
- ° -
- ° = ¥
r~ , au
5 ® B = © m o = ﬂn 5 % 8 3 3 3 3 - N 2 & & 3 32 23 3B
(aw)ienbg ybi dn jpaH w
ybiH [22H W DA (Aw)zenbs 8371 9uQ Ul DA (Aw)siowa4 sn3ay ul HIAI
WK T Mo o o) dp %o
Eziu% %%mm&ﬂo . |
ol o . o) op on bo oo 0 m To
%ﬂ%ﬂdr% 7o N Jo W o 2 z wa
S I o : T
O A i - i -
X ™ oT — <0 Fﬂ T <X <
Jléoua AEoi.wmonUr < <
GO S I R S R T o
ﬂi%%o_o%aﬁhﬂo o @ o 3
wﬂmauﬂrﬁﬂAUr mamcwqfﬂ : N = Lh\b/%
4o&ﬁxﬂ_8%€1rwr% 2 ¥ ) - ZY
K T M A < 5 & T 2
s W x o o~ ® B} o S < g =z
~ | S
ﬂ%ﬂrzixaaﬁo:@% g mwm i %
JoT =0 g
ook B B TR g g 2 5 ™
o b x T ) 2 A el
= X x5 W o> M‘_meotot i £ 5 . T
— Moo nw W g £ P
o = ol 1 ~ T e
e ﬁ W X ,WO 7
= o 7o i~ ™
moi_o%%_wfﬂo%%ﬁﬂ , k M
Smwﬁ;x%ao?,ﬂr%_ﬁ o.>u Mcm g 8§ g = ¥ 5% % & =3 38 3 -*
STWT PE M T (Aw) 3enbs mo1 ur o3 (Aw)ienbs ysiH U1 SINA

0s

LS

< 24 W sh(+p<0.05)

HS HU&HS
a9 9. HEAE



38 Me=EXzss ==X M8dH M1z (2014.02)

e
~

O Non-WBV BWBV

o
@

(=]
w

=]
=

EMG in Vastus Lateralis(mv)

e
w

e
N

e
=

a7 100 9FF 2 84 W (xp<0.05)

+  DONon-WBV EWBV

it
N

*

0

2 2 =2 2 o
[ w S n o

EMG in Vastus Medialis(mv)

o

HS HUEHS 05

&

ad 11 &332 2 84 W8 (+p<0.05)

= 0
02
=
[
)
m
>
X,
IS
=
o
b
o

N ol

—

DU

_(I_?r
2B &% - w@AS AFdE &
o]
o

BgHos ANSE AN

oot
offt o =

== i

o "y

U

=
__)ll_tl‘
& ox offf
e N
r; i
re
-4
N
N
)
ko
_0|L
o
k=
N
>
f
)
o]
0

o HU 09‘-‘4 r—?(—“
o P

1o =
e,
ot

[1] Y. T. Rhim, “The Study on Whole Body
Vibration as a New Exercise Training
Prescription Method,” Journal of Coaching
Development, Vol. 7, No. 1, pp. 105-116, 2005.

[21 M. Cardinale and C. Bosco, “The use of
Vibration as an Exercise Intervention,” Exerc.
Sport. Sci. Rev, Vol. 31, No. 1, pp. 3-7, 2003.

[3] C. Bosco, M. Iacovelli M. O. Tsarpela, M.
Cardinale, M. Bonifazi, ]J. Tihani, M. Viru, A.
Lorenzo and A. Viru, “Hormonal Responses to
Whole Body Vibration in Men,” FEuropean
Journal of Applied Physiology, Vol. 81, No. 6,
pp. 449-454, 2000.

[4] C. Delecluse, M. Roelants and S. Verschueren,
“Strength Increase after Whole Body Vibration
compared with Resistance Training,” Med. Sci.
Sports. Exerc, Vol. 35, No. 6, pp. 1033-1041,
2003.

[5] M. Roelants. C. Delecluse, M. Goris, and S.
Verschueren, “Effects of 24 weeks Whole

Body Vibration  Training on  Body
Composition and Muscle Strength in Untrained
Females,” International Journal of Sports

Medicine Vol. 25, pp. 1-5, 2004.
[6] M. Roelants, C. Delecluse and S. Veschuren,
“Whole Body Vibration Training Increases
Strength

Movement in older women,”

Knee Extension and Speed of

Journal of
American Geriatrics Society, Vol. 52, No. 6,
pp. 901-908, 2004.

[71 S. Torvinen, P. Kannus, H. Sievanen, T.A.H.
Jarvinen, M. Pasanen, S. Kontulainen, T.L.N.
Jarvinen, M. Jaravinen, P. Oja and I. Vuori,

“Effect of a Vibration Exposure on Muscular

Performance and Body Balance. Randomized

Cross—over study,” Clinical Physiology
Functional Imaging, Vol. 22, No. 2, pp.
145-152, 2002.

[8] S. Torvinen, P. Kannus, H. Sievanen, T.A.H.
Jarvinen, M. Pasanen, T.L.N. Kontulainen, M.
Jaravinen, P. Oja, and I. Vuori, “Effect of Four
Month Vertical Whole Body Vibration on
Performance and Balance,” Medicine & Science

in Sports & Exercise, Vol. 34, No. 9, pp.



Chotsh AT E ApM| 4844
1523-1528, 2002.

[9] K. Kwanabe, A. Kawashima, I. Sashimoto, T.
Takeda, Y. Sato, and Y. Iwamoto, “Effect of
Whole Body Vibration Exercise and Muscle
Strengthening, Balance, and Walking Exercise
on Walking Ability in the Elderly,” Keio
Journal of Medicine, Vol. 56, No. 1, pp. 28-33,
2007.

.7
A6A, A2%, pp. 106-108, 2012

[11] W.H. Cheung, HW. Mok, L. Qin, P.C. Sze
and KM. Lee, “High Frequency Whole Body
Vibration
Elderly Women,” Archives Physical Medicine
and Rehabilitation., Vol. 88, No. 7, pp. 852-857,
2007.

[12] C.J. Riuiter, S.M.V. Raak, ].V. Schilperoort,
AP. Hllander and A. Haan, “The Effect of 11
weeks Whole Body Vibration Training on
Jump  Hight,

Activation  of

Improves Balancing Ability in

Contractile  Properties  and

Human Knee Extensors,”
European Journal of Applied Physiology, Vol
90, No. 5, pp. 595-600, 2003.

[13] J.H. Yoo, HK. Joh, H.J. Do, SW. Oh, Y.L.
Lim, J.K. Choi, H.J. Kweon and D.Y. Cho,
“Effect of Whole Body Vibration on Body
Weight and Body Composition in Young
Adults,” Korean Journal of Family Medicine,
Vol. 30, No. 2, pp. 112-119, 2009.

[14] T.Broekmans, M. Roelants, G. Alders, P.
Feys, H. Thijs and B.O. Eijnde, “Exploring the
Effects of a 20-week Whole Body Vibration
Training Programme on Leg Muscle
Performance and Function in Persons with
Multiple Sclerosis,” Journal of Rehabilitation
Medicine, Vol. 42, No. 9, pp. 866-872, 2010.

[15] M. Roelants, M.P. Sabine, S. Verschueren, C.
Delecluse, O. Levin and V.
“Whole-Body-Vibration-Induce Increase in Leg

Activity Different  Squat

Exercises,” Strength and

Conditioning Research, Vol. 20, No. 1, pp.

124-129, 2006.

[16] J.A. Stewart, D.J. Cochrane and R. Morton,

Stijnen,

Muscle During

Journal of

MAX|=EX}20| M| 2EA Tof| o] x|

o
S

rr
02

39

= o

“Differential Effect of Whole Body Vibration
Duration on Knee Extensor Strength,” Journal
of Science and Medicine in Sport, Vol. 12, No.
1, pp. 50-53, 2009.

[17] P.M. Siu, B.T. Tam, D.H. Chow, J].Y. Guo,
T.P. Huang, Y.P. Zheng and S.H. Won,
“Immadiate Effect of 2 Different Whole body
vibration Frequencies on Muscle Peak Torque
and Stiffness,” Archive Physical Medicine and
Rehabilitation, Vol. 91, No. 10, pp. 1608-1615,
2010.

[18] S. Maeda, N.J. Mansfield and N. Shibata,
“Evaluation of Subjective Responses to Whole
Body  Vibration Effect of

Frequency Content,” International Journal of

Exposure

Industrial Eronomics, Vol. 38 No. 5, pp.
509-515, 2008.

[19] G.E. Song. KM. Kim. D.J. Lee and N.S. Joo.
“Whole Body Vibration Effects

Composition in the postmenopausal Koean

on Body

Obese women : Plot study,” Korean Journal of
Family Medicine, Vol. 32, No. 7, pp. 399-405,
2011.

[20] S.S. Rees, A.J. Murphy and M.L. Watsford,
“Effects of Whole Body Vibration Exercise on
Lower Extremity Muscle Strength and Power

A Randomized

Clinical Trial,” Journal of American Physical

Theraphy Association, Vol. 88, pp. 462-470,

in an Older Population

[22] G. Guilhem, A.Guével and C. Cornu, "A
standization method to compare iostonic Vs.
isokinetic  eccentric  exercise,” Journal of

Electromyography and Kinesiology, Vol. 20,

No. 5, pp. 1000-1006, 2010.



40 MEsXz=3E ==X H8H M1z (2014.02)

A Al 7 A o
2012 84 A=t A 19899 2¢ @guista 9
AGRESE £ PR e A
(FAH) (FA})
2012 - A4 A= st 19924 29 @Foista 9
A A o] gty A P et =9
A}jq'xé (/\jl/\})
1999 8¢ uigw ¢
5 A sty &<
g}, A A07]7] @MS

2010¢ 2¢ - @A (F) &

%% = g ek 1 AaAelr)7), AF L5717

20109 29 AR A

AR FHE EY
(8tA})

Ao

20119 29 ABgstn @
q

sAetEer 19939 29 ARoEa )

Ay &9 (3
AR

19954 29 Axgista 7
Assta £ (4
A

1999 29 d¥ &
&

T % 3 2004 39 - @A A5
st ko] o.wt) 7
2005 249 HEOEtw 7] ZEE w2
R i . Hlol Q Wl ER Y A A g el
ﬂfﬁﬁ . HAEOE D e, W s, Axzae

2007 29 ABustn 3

2012 3Y d¥ E&HO






