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comparative analysis of gluteus maximus and quadriceps

muscle activity during the Dead-lift and Squat.

Seong Gyu Choi
Department of Physical Education, The Graduate School
Pukyong National University
Directed by Professor Yong Jae Kim, Ph.D

Abstract

The purpose of this study is to suggest the necessity for the
development of gluteus maximus muscle, and as the weight training
participants increase, The most common exercises and whole body
exercises for the general public and fitness contestants who are doing
weight training are the exercises that are effective for the development
of the gluteus maximus using ’'Squat’, 'Romanian dead-lift’ and
"Conventional dead-lift" In order to clarify something, we analyzed the
muscle activity of the gluteus maximus and quadriceps muscle
respectively.

The subjects of this study were trainers and members with less than
5 years of training experience in A fitness center located in B city. The
selection criteria of the subject is First, there is no past history of back
pain and should not have back pain symptoms. Second, the movement
of the hip, ankle and spine and knee should not be difficult for the
experiment. In addition, 10 men with 2 to 30 years of experience who
have a sufficient understanding of the purpose of this study and who
have less than 5 years of work experience are finally selected.

For the statistical processing method, data of the test was obtained
through WEMG-8 (LXM5308) of Laxtha Co., and statistical processing
was performed using SPSS Ver23.0. One-way ANOVA analysis was
used to analyze EMG differences between the gluteus maximus and
quadriceps muscle during the Squat, Romanian dead-Lift, and
Conventional dead-Lift exercise, and post-test was performed using the
Bonferroni test. All statistical significance was set at p <.05.

The results of this study were as follows
First, Squat has the highest quadriceps activity and shows a big

difference from Romanian Dead-Lift, It was found that the greater the
bending angle of the knee, the higher the activity of the quadriceps



muscle. Second, the exercise with the highest activity of the gluteus
maximus was Conventional dead-lift and the exercise with the lowest
activity of the gluteus maximus was Squat. However, the difference
was not as significant as that of the quadriceps muscles (GM), the
external light beam (GL), and the muscle activity of the rectus femoris
(RF). Therefore, in all aspects of squat, Romanian dead-lift, and
conventional dead-lift, the activity of both gluteus maximus RGM and
LGM is lower than that of RVM, LVM, RVL and LVL in quadriceps
muscle, This suggests that the combined articulation of Squat,
Romanian dead-lift, and Conventional dead-lift exercise is more
beneficial to the development of quadriceps than to the development of
gluteus maximus. However, considering the activity of the gluteus
maximus in this study, Conventional Dead-Lift activity is higher than
Squat with the highest sledding angle, followed by Romanian Dead-Lift
High.

Therefore, in this study, we concluded that Conventional dead-lift is
the most effective method for the exercise that helps the development
of the gluteus maximus when the whole-body exercise of the
welght-training participants is selected.
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FAsES 7E We AR AodAv(A =g, WEX, A4, o

Y. o =2 = E (Dead-Lift)
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%, 2016).
B} 2AEY BF

~FEE npEo] X &k kA #A-e] Zh:e| uwel High bar ~FHE,
Front 27 E, Low bar 2#HE=Z JEHT High bar ~2FEE &3 &1
AT Back ~2FES 22 O EA o7 9o npElE 912 A 713l Front

FAE= v fA7F 5 45 HF F9lol A7, Low bar &

A E (half squat, ¥2]d2~F E(parallel squat), & Z=FHE(full squat)=
FHta st om, Escamilla(2001)2 2HE 52 <34 40%(semi

squatting) 70~100(half squat), 100%= ©]’(deep squatting) .= F¥=
o X&EH o7 wEst= Aol A TH(o] g, 2008).
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o|7tA] Eof &Elw WALoR st M tEAQ dolE Edbold &

o WA, G, i 5L o) gate] T vk Eu AASE BARA of

Jeh e $EERE 9@ g /A Bde] Y. WAz s ~HAE 9
g

A, = FAE S0 LEE Ao ARFE Axx AU Ty Y=
(Power lifting)e] A F& T sluo]7|%= StH{ 7| YALA: H=gZE,

2017).

i} oMz 5

=g zES] FHolE= 24 #AwiMd d=g ZE(Conventional Dead Lift),
Fulyel gl=¢ Z E(Rumanian Dead lift), 2~E]3X @1 d =g X E(Stiff
Leg Dead Lift)7} 3 1 ¢ 2% d=gZE(Sumo Dead Lift)7} 2}

(M7, 2012). AWAE HEgdZes & g2 /b 549 Hug=
Eo|t} 53], Atz ¢l AulMd bEgZE Hg Fulyct g zE
= AE A A FEel @ wEzl AEE s ddold X7 o,
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Ao Ak Bl A AV|EYA AdH Edely et E
d

X 1L 47 QA=Y AA 54
Group Age(yrs) Height(cm)  Weight(kg)  Career(yrs)

male(n=10) 28.00+4.85 ~ 174.30+4.00 75.30£7.35 2.70+1.49

_17_



¥ 2 A7+

=47171 o 2 2} 8] A} e
. WEMG-8 N
SHE S Laxtha DAE =A
(LXM5308)
A g e BD-AL200 BLUETEC ney =4
dolE v Weight Bar Bar Cybex =49 ul
Ehina AL A IV SAMSUNG o] 5 &4

_18_




2
i

S EREEE

M

g, foluer dedze $4 4 7wy o

&

e

2
i

S EREEE

M

o AduAd degze 25 A E o

g

A

4. 4dTH

7}. 1RM &3

of 714 F83 Aol 1glsle] IRM 54 W22 National Strength
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(9) 3~423e) FA TS = 5 AdA7E AofetA] ko vhA] ()3

ol TR FUhel L HAledS 45 25~5kge #HAT )=

Y. 24 E A HY

2FE FFe] AA WY AFE FF A AFES ¢k old ug)
Weld AF E(parallel Squat), 3FE ~FHE(half Squat), &= 2= E(full
Squat) 2 TH ¥t 3 o, Escamilla®s(2001) ~HE 5o &34
40% (semi squattin), 70~100%(half Squat), 100% ©] A (deep squatting) >
Hom whEskeE Folztal gH(ol4d¢, 2008) A

I

2 FEE A3 A
ATE AR g9 &
= Z ~FER AP A

A 100%= o)Al 120°= A3t Deep squatting

i

(1) @A) Zahdo] 120° o4 PIThrh o= FAwelel Ful

(2) @A Eo] Hol(stance)E 27| A7) HolE HlojuA &= HAE
FFEoZ sta we] B2 VIHEHRE 3 AAE HsA.

(3) IRM ] 10%4=e] FFoZ 20~253|4 3sets WHEdte TH 5

B) 9 @D 22 WHo= IRMS 40%, 50%, 60% s HFo= 58 -

A2 ANt FFS AANeE 20 4L @ olfE A
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9t A ZF /i) IRMO] 50%E AF e HAe] 3o
SFATH R4, 2013).

6) =FE & Tt Ao we} W59 ®stE 7HA 7] wid
AAS v RESE AAAZE St (Donnelly, D. V., Berg, W.
P., & Fiske, D. M.(2006)

(7) 2FAEE AHAAsle 525 FA8A Folx: AL Hxe giFo] u
Q7] wiEd 7 FAf@AIE AsstE S22 A A tH(Escamilla et
al, 2001).

(8) A= H3E S017] fshA ddAs EF7F
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o Fehioh U= ZE AN By

(1) dAA=e] Sddo] 45° AejolA T3 ko] vigo] 25 w74
kth dojM = FAMSE IRMS S48t

(2) AZ@A 2ol wol(stance)E ZHAHe] o7 Wlol®th FA sfa e
B 1A deHz 3 AAE FHE

(3) 1IRM9] 10%AH =S FFo= 20~25314 3setE BHESIE THl &S

(4) THTES HAAgG & IRMY 30% T HS= =7 Romanian
Deadlifts A AISIATE 2k AEWH 7~103]4 AHASt3 1A E HA] &
1% 745 Add 28 F #A Freiyet tE=EgzZE 45
A A8t o

(5) §1 Wb e Mpgo IRMe 40%, 50%, 60% FFo= e

_{
=)
i
o,
__\—,1_"
[
_E
1 m
il
5
)
R
:L
ol\
ot
O
2
Y
N
(0]
fr
fo
ins
A\
o
ftlo

IRM¢] 30%9F 40% FHow Ad A, v Eo] Auron Fu

e wol X B8 Aolst WARA Wk, W=

Fgor AP A, AYAT FUHOER RAL FYOR AW A

Ag skt 713 olE A% Pl B4 & sbsAel JoBE o

g dgsts] 9stel A4 24 A IRMS 5008 A@e] HH9
Aoz ARG, 2013).

(6) Fohuer HEYTE B3 el AM we WMeEe wakE 7



A7l diel s et =S AdAEE 8t (Donnelly et al,

2006).
() FPIQ HEeZEE AAss SRR AAE 54 09 A

2 7t J¥A7 AEste e AA s

a9 3. Friy¢ HEGZE F&

2, AdME gz =ZE HA] HHY

flo
td
—r
off
e
e
N,
HN
o
—r
K
v
dlo

A degZE F2ho] A v

3 o] AAeA

(D) JA@Ae sddo] 90° Zejolx & duto] niee] 25 w7hA
Aol = FEES R IRMS Z435

(2) vdA 2o wol(stance)s Ao of7) HolE xFo= dfal ¥
o] mF2 1A dHjE @ AAE FAsH

(3) 1RM®] 10%4 52 FHo2 20~2554 NES WEas #ue
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=
AN
=
Mo
offt
ftlo
11t
>
(o
S

ARMY] 30% ZZo=z 7AwMAd fegZEE
AANEGT 72 AEE 7~103|% AAsa IHNE AA T 1~287F

:
FA2 Adch 23 T oA AN dEYIE B4 245

B # @ 22 URoeE 1IRMO 40%, 50%, 60% T ZFo2 =7

IRMS] 30%<} 40% +Fo2 AF A, AR50 JhHoer TF
7S wol =7x BE Aozt wAEA gki, wHE 1RME

g AAe] WEt AV]A o]&E QIsE RAFo] A & JheAdel Jdo
u® o5 dwstz] 9t AFa 2+ Uil IRME 50%E A3
Ao zdow AASATH(FFZ, 2013).

6) AMME HEZE F3 o= Al whel HMdEe] WHIE Tt
A7 W AES vt R EE AAAEE 8 tHDonnelly et al,
2006).

(7) A d bdegzes AXde e 2HAE T2 ujef npzirhA]
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2 A7l 4=

e

4% 9

&2 (Gluteus Maximus), W53 (Vastus Medialis), €53 (Vastus

2
Y
4
ftlo
v
2L
ot
do
ﬁ
rir
to
gl
I

Lateralis), ™% & (Rectus Femoris)2 2 & 87/ 9= AA At}

b}, o] Wl E (event)®} = W (phase)d] AA

ATl e 2FE, Frbueh HEZE, AW HEZZE F 2

54¢ shepsy] Slstel 47k 3719) olMEs 2744 Fwe Agshalt
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]

S

olWlE 3

SME 1 ~ olylE 2

#1771 = H(Down) -
= et717] =rH(Up)

SME 2 ~ oJWE 3

<ol Wl E3>

<ol HE2>

H(Up)

=

H (Down)

=

2 A

2AE

a9 5.

5. 4444

gkl

=
=

542 WA

S, HPAEe A

A A]
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A%

SE AT WA delE £ A 2YE, Frhie deezE, A
WA dEeZES] A A e 4¥e 448 s veom Ay
F oole] Ao Aw @ A Al Fol ARk 2 BAWE g F
B Ao =¥ 50%IRMOE FAstA AgHAT T mE TAE
gol WEE Aolsgth AFUAAES 3744 B wAE AAE, Fop
et dEelzE, AWAY HEYIE foR 43 a9

L

A<y 553 AHE, FuiYel gEgdZE AdMAE =g ZE F3

o AUAA $% SHEGMVIO %48 =

GMS AAA 5% TAEGES F447 98 <1y o9 2L A

g FAstol ANFET AF ok FES} FA Ao BHde F
Ul

e 5x FAstA T F AR 53 (VL), WSZ(VM), thE 22
—L

i)
by
r_u
i
—
9%
e}
¢
e
I~
[}
=)
.
]
2
)
>
=2
Sig
O
=
1
b
ftlo
O
<
il
I
)
o
fu)
h
K
o
>
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JolE Ed o]

bl g 10%)

0]3

c g 27 (2~300)

Az

g

gmo
W
T T
R B
<M
T B
o TR
Mo — o
st 4111,_
W o
ao
=
e
—_
)A
X
R
H

X
Nr
No oo
"W
K 5
~n OF
x4
<7
o Al
B
<o
B
7K
W b,
N @
1_,_A.o
-

A A A

X
B
NN
do & X
T =
Uy T xR
~ Uk n N Nr
B X N
— o [
[F) W Q HM HM
ol o e 1
gl 7K o My
ruze)
< e W ol
o SIG 1|
=R Y
wr - e WU
Eo ,_ﬂor/a LI
ﬂﬂ Jﬁmo JL LIL wn

oo N2
! Eﬁ Ul ~
Tr 2w
R (P (I T

B

=3

ol

<0

(One-way ANOVA, Bonferroni Post hoc analysis)
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a9 7. g€ MVIC &&

a4 8. dEHAFT MVIC &%
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4. 7

M

=

4

SLRIEE

& =2 A (greater trochater), ¥ 2] <|=I(epicondyle), H]F
(fibula)®] <& (malleolus)ell WA ~E]AE o] &3 HAE 3t &
= AAE FA3H7] 9% 7= d o2 AFEdtHLynn 2001). A% =4

le_oﬂ ]:]X]EE—](BD_ALZOO) Z}'Elﬂ% O].g_f;]_oq i%g Z}'E*‘E 1200’ 7_]]3“}\:]‘%

a9 9. 74 534 £84 4= 374
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I
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o Be AREA AAR

il

B

il
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—
fite)

SENIAM

H

<

ol

-
-

el
B/

(surface EMG for non-invasive assessment of muscles) Alx]¢] A= =K

_ZTI

I
-

‘SENIAM 1,4,89,10°el| 4] ¢} A

§l_

Ho| Frha

KeX
=

=]
T

FA (A 2k, 2013).

<)

2k

1=
i

= #F,9 HE A (Rectus femoris: RF), #,

VL),

lateralis:

Q] =34 < (Vastus

.

VM),
(Gluteus maximus: GM)2. =

medialis:

hyA

mhU ek Hl =g

=
E., AT

Fg <29 10> 24

)

)
el
o
3
N
7!
il

=
fite)

A E=

E
—

3 Down)

7¥

ae] 3

}9 2 IRM9 50%FAl2 ~HE

== =
:—_T;(g [}

% 1IRM

A
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o+

ZHDown) 3}
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T

® ATe 29 472 9% delHE Laxthartel WEMG-8(LXM5308)

2 Bae] Qe ¥ SPSS Ver2302 ol gste] BAAY srh AAE,

Foper A=Y, AWAY HEYIE 25 A BED 2 gEAED
tg

ZLHE 2ol BAE One-way ANOVA XS 2Astglom, A}

H

A=& Bonferroni Post hoc analysis® A3t t 25 EA4 49

2 p< 05% AAsEA T

_l!
(]
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AT 2%

B A= BRAA 24 A EUA AE Y golE Efolyd $£%7
5d o]stel AlA 7Fgk 20~30tH HA3 3 % Edoly 10¥8s Yo R

g AFAE B dEY2E T4 A e R HEAN T 2=

HEZ(GM) 24E SHZA T

AR 1030 ek A E, Fohish FEel2E, AN AEeEE
Al 2% (Right) HEHRGM) I 9Z(Left) He+LGM) A= =43

A= o3 2o 3).
¥ 3. WEZ(GM)A d3t 7 23 284 = (%MVIC)
e TR A
gl ZE g XE F D Post hoc
1 2 3

Down 5244175 806+464 8241294 2553 096 -
RGM

Up 118?63 13334809  1270+424 134 875 -

Down 516193 668326  692:216 1431 257 -
LGM

Up 10664632  10.55+3.57  11.8444.34 215 .808 -
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(2 39 =2FAEdAE= Down Al RGMe A E(%MVIC)=
5.24+1.75, LGM9] S84 %= 516+1.93013, Up Alel RGMeo @A =
(%MVIC)&= 11.85+6.37, LGM 2] &4 == 10.65+6.320] t}.

Frplet =gl ZECAE Down Alel RGMe] &4 =(%MVIC)E=
8.06+4.64, LGMS &A=& 668+3.260)1, Up Alel RGMe &A%
(%MVIC)&= 13.33+8.09, LGM 2] &4 == 10.55+3.57°] t}.

294 "= ZE A= Down Aol RGME &84 = (%MVIC) &=
824294, LGM® & %E 692+2.160)3, Up Aol RGMo 34w
(%¥MVIC)&= 12.70+4.24, LGM9] &A=+ 11.84+4.340|t}.

Down A RGMS AwlAd dHsgZES 2@ A7t 824429424 7173
=on Furlyeh HE=gITE 806+4.64, ~FAE 524+1.75%0]th. LGME
AWAE g ZEe FTIAEIF 692421624 7} wow, Fwuhugr
=g ZTE 668+326, AFE 516+1.93 =olth 28l SAHCRZE f9
gt Apol & Ho|A| grokrh,

Up A RGM2 Friyot gl=gze9] 284 =7} 133380924 7+
Eom AWM UE=gZE 12704424, ~FAE 11855637 s=o|t}. LGM
S AMAMYE bEZES ATV} 11.84+44347 A 71 =om ~FE
10.65£6.32, FrlU ¢t g =g ZE 10554357 olvh. aglal SAHczE
Frogk zto]l & Holx grokrh

2, 5 1l 23w =M= Down Al RGMIF LGMe] AwiMd
O] =] Z E(8.24+2.94/6.92+2.16), FwhH <k H =2 2 E(8.06+4.64/6.68+3.26),
2~ F E(524+1.75/5.16+193) o= ®F ow Up AldE RGM7l Fnf
Ut =2 E (1333+8.09)4 7Hd #i, LGM= ZWIAE b2 E
(11.84+4.30) N~ 7FF = A vrebw

A\

5

X

Bonferroni Post hoc analysisE® &3 23+ Down, Up Alol RGMI}
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RGM

1400

12.00

10.00

8.00

6.00

4.00
200

u.m T T T T
RomanianDeadlift ConventionalDe adlift Squat

BRGM Down BRGM Up

39 12. LEF dEZY 224 =(RGM)

vA2dA 108 g AAE, Fot , AW HEgZE

= v Ze(E 12).

I
[40
fn}
y
mﬁ A
[H
|m

Al 2 &% (Right) lE=<(RGM) +H %= F43t

RGME| vt Al 7HA] #2e 22 =S Ups 7I€oz UdAse=

-

gagch Up A9 28AEE Fohuet dExest g i, e

o L y

o

2 A "E=gZE ~FE o]l Down A9 2@ EE AwMdd
g Zes A% =3 8o Fulyek HEg e AFHE Lol

Lo

Up Ao S84 E=E BE 524 DownkHUtt ¥ow Down¥ Upite
E

Mg 2 AelE Mol AL AFAE(66D)]H, AWIMY H =] T E(4.46)
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7t Down3} Upzte] zkel7} 7Hd vttt

LGM

ConventionalDe adlift Sguat RomanianDeadlift

B LGM Down WLGMUp

a9 13, 9% dEZ9 224 =(LGM)

A8 109 g 2

)
m
t
i)
=iy
[40
jin)
[
L
(&
i
P
Z
2
o
jin)
[
L
[kl
m

LGMe| the A 7H4 Bae] 2BYESY FEE Upe /1Fo2 WHd
Fom Atk Up Aol S#4EE AWAY dedxe, 44 a1, o
o 27E, Tuhst f= H%

g
Ad dEelZE b Ea, deoR FrhS dEYZE, APE o

Up A9 434 5= BE 529 A Down®Ut oW Down¥ Upite

b ApolE Hole AL AFHEG48)0lH, Fukyeh tl =2 L E(3.87)



7} Down®} Upzte] #pol7} 7b4 vro}

Y. 2AE, Frier dEZE, AWML HEIZE TF A
W22 2HE 2229
¥ 4 YESFZ(VM)l tid 7 B3ty 23N = (%MVIC)
e TR @A
=g ZE g IZE F p  Post hoc
1 2 3
30.33 15.91 23.87 :
Down {45709 4845 +10.30  4998" 014 2<d
RVM 51.92 18.19 40.12 -
U g +8'85 +17.45 96847 001 2<1.3
31.98 14.67 23.43 #
Down ™ {45794 4620 +11.1 68047 .004  2<1

LVM
52.12 17.62 4172 goosr 001 2<1.3

Up (Y195 73 4 49628 +20.78
*p<.05, **p<.01

109l tist ~FE Frlyel g ZE AW gz =
E A 2 E2Z(Right) WSHFZRVM) T AZE(Left) HZFZLVM) 2A=
=A% A3 = oS53 ZoHE 4).

2FAEA= Down Aol RVMO &4 =(%MVIC)=  32.33£15.09,
LVMe] &4 %=+ 31.98+12.940]3L, Up Aol RVMe| <24 = (%MVIC)
+ 51.92+22.90, LVM 9] &4 =+ 52.12+22.73°] t}.

Futyet =g ZEC A= Down Aldl RVMe| &4 =(%MVIC)=
15914845, LVM®] &A=+ 14.67+6.200] 12, Up Alel RVMe] &4 %
(%MVIC)+= 18.19+8.85, LVM 9] &4 =+ 17.62+9.63°] .

AWiMg b= zEd = Down Alel RVME &4 =(%MVIC)=
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23.87+10.30, LVM¢] 84 w1 2343+11.160] 1, Up Aol RGM2| &4
Z(%MVIC)E= 40.12+17.45, LVM®] -84 =& 41.72+20.78°] t}.

Down Al RVM< ~FEe] &8 w7} 3233+15.0924] 7}4 =om A
WA deeg2ZE 238741030, FrkHel HIE=EZE  1591+845% ]t}
LVMS 2~ E] 28457} 31982129484 7Fd =om AwMgd b=
Y IZE 2343£11.16, FrlUet Ul =g ZE 1467+6.20 s=olty. 1l EA
O R ok ApolE BT

Up A RVMS ~FES
Ad dEZE 401241745, FrbYe HEZZE 18194885 =olth.
LVMS AR ES %7} 52124227324 7bF =ou AvMd d=
YELE 41.72£20.78, Frtyct =g ZE 17.62+9.63 wolth, 18 S A
Ho g Fo3k 2o]= H AT}

GH I} 51924229024 714 won] Al

#F, 5 844 2459 A= Down Al RVM # LVMeo] ~HE
(32.33£15.09/31.98+12.94), ZAwiAd dH =2 E(23.87+10.30/23.43+11.16),
Fobyel U= LE(15914845/14.67+6.20) =02 Y5 zow Up Al
T RVMI} LVMe] &FHE(51.92+22.90/52.12+22.73), AWAE dl=g ZE
(40.12+17.45/41.72+20.78), FuiY<t o] = 2] ZE(18.19+8.85/17.62£9.63 =<
2 25 ZA YEy

Bonferroni Post hoc analysisE %3 Z3% RVMS Down Al ~HE(Q,
32.33£15.09)¢] &A=} Fuiyol "Eg ZE(2 1591+845)9 4 E
7} o3k Apo]lE B om(2<1), Up Al 2FE(, 51.92+22.90)2F 7 wlA
d =g ZE(S, 40.12£1745)= FukUl Hl=gZE(2, 18.19+8.85)9
& zolE HYTH2<1,3). LVME Down AloliE A~FE(1, 31.98+12.94)
AT o Fulyel Hl=gZE(2, 1467462009 2ZAH =7 93
AFol 2 B ow(2<]), Up A 2FAE(, 52.12+22.73) ¢ HAalMd v=g

o 1o
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ZE(3, 41.72+20.78) FriUel "= ZE(2, 17.62+9.63)2F F2l%F o]
= BYrh(2<1,3).

RVM

30.00 -
2000

10.00

u.m T e T L
Squat Conventiona IDe adlift RomanianDeadlift

B RVM Down BERVMUp

9 14. L% Y329 ZZAHZ=RVM)

HAEA 108 g 2AE, Friyet g ZE, AdMd HEHZE

Al 2% (Right) WS3RVM) H%E 545 Ax= thgd 219 14).

UDZ_]__QJ 7]_7‘(:]— = ']—O]% E_O]JE 3—1% i—ﬂli(l959)°]‘l1, '?‘U]'
ZE(2.28)7F Down¥ Upztel zpol7} 7p4 vi),
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VM

A

50.00 =4

30.00 /

20.00

e
-
.

10.00 // -
0.00 ./ ' ./

Squat ConventionalDeadlift RomanianDe adlift

B LVM Down BLVM Up

a¥ 15 9F Y32 284 =(LVM)

HA2dA 1078 g A5, Friyet gEdZE, AdME HEHZE

Al AZE(Left) WS53RVM) A% S48 23+ o3 219 15).

Aagt Up A9 2845 2FEZF 7MY =31, vdZo 2 AAqd b
g zE FulY¢t g=gZE $£o]l1, Down Al % Ze <072 e
o Up Al 284 EE BEE s34 Downktt =21 Downd Upzt
o] 7h & AolE Hole AL AFE(20.13)0)H, FuiUeh b= IZE
(2.94)7F Down¥ Upzte] xfol7} 744 v,
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AP 108l e AAE, Fopyt degze, Ay d degzEe
Al 2 E%[Right) 2|53 RVL)H A& (Left) WS3(LVL) 2= =

¥ 5 gFFZ(VL)ol uigst &4 53E 24 = (%MVIC)
e T A
JEgZE g EE F p  Post hoc
1 2 3
3570+  22.01f 3059+ B
- Down “7¢ 96 14.31 16.98 1.597 221
v B [PEE IS sre o s
36.08+  23.97+ | 29.70+ B
. Down  “51"76 14.97 17.75 1.154 331
+ + + /
w Bl B B sew ov o

*p<.05, **p<.01

(£ 5v Z=HAEJdAE= Down Ao RVLY Z&AH=(%MVIC)=
35721696, LVLY &4 X+ 36.28+21.16°]a1, Up Aldl RVLY &4
E(%MVIC)+= 52.75+20.08, LVLe] <& =+ 52.71+23.51°]t}.

Fuyel "= ZEo|A = Down Aol RVLY &4 %= (%MVIC)+=
2291+14.31, LVLE] &4 %=+ 2397+£14.97¢]31, Up Al RVME] &4
E(%MVIC)+= 24.98+14.97, LVLe <€A =+ 25.00+13.68°]t}.

AAd H=gZEC A= Down Alel RVLY &A= (%MVIC)=
30.59+16.98, LVLe] &%=+ 29.70+17.750] 3, Up Alel RVLe &4
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Z(%MVIC)E 40.01£19.58, LVLe] &A% 42.23+18.86°]t},

Down A RVLS ~FE A %7} 3572+16962A4 714 =ow A
HAd HEZZE 305941698, FriHSH HEZE 229141431 o] Th
LVLS ~FES Z&A %7t 3628+21.1624 7Hd =on AwAdd d=
YZE 29.70+17.75, Frlyet "= LE 239741497 <=olth. adal £
Ao ge fFo3 2ol & HolA| okt

Up Al RVLLS 2R E ZZA 7 5275+20.0824 714 Eom, AwA
g =g ZE 40.01+1958, FrlUol =g ZE 2498+14.97 <=oltt. LVL
S AFEY TFAHEI) 52714235124 71 Eon AdAd dEg =
42.23+18.86, FrbU <t H=gZE 2500+13.68 <=olt}. 18]a A 4o
2 Fogk ztolE BT

2, 5
(35.72+16.96/36.28+21.16, 1WA d d =] Z E(30.59+16.98/29.70+17.75),
by ol W= ZE(2291£14.31/2397+14.97) £ 2 BT on Up Ald
T RVL¥} LVLo] A7 E(52.75+20.08/52.71+2351), AWM Y HE=gZE
(40.01+19.58/42.23+18.86), Fwl et Hl =] X E(24.98414.97/25.00+13.68) =
o2 B A YErh

Bonferroni Post hoc analysisE &3 ZA3+= RVLe Down Al X=FHE(],

[t

A\

&

2

H 28459 £A4+ Down A RVL¥} LVLe] ~AHE

35.72+16.96), FrU et =g ZE (2, 2291+14.31), AWAE H=g ZE(S,
30.59+16.98)e] &A= frolgh ol HolA| Fgom, Up Al ~FE
(1, 52.75+20.08)¢} Fupyt W= ZE(2, 24.98+1497)7F gk Aol &
HATH2<1). LVLe Down AldlE AFE(1, 36.28+21.16), FulU el b=
P E(2, 2397+14.97), 1WA dl=g ZE(3, 20.70+17.75)9 S EE
Fo 8 2po] S Holx egtow Up A AFHE(L, 52.71+2351)¢ Fupiet
=g ZE(2, 25.00+13.68)E 23 AolE HATH2<).
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RVL

Squat Conventionalle adlift RomanianDeadliftt

HRYLDown MRVLUp

a¥ 16. 2L EF 95329 224 =RVL)

RVLe th& Al 744 529 244 =5 Ups 7I+o= W
23tk Up Aol 224 =s 2FEZ 7 £3L, vd=o= 7AW
g X e Fulyck gl=g]ZE $0]3 Down Ald%E & &

Up Ao 484 EE BE 529 A Down® Rt =21 Down¥ Upzte
7V & AolE Hole AL A2FE(17.03)0/H, Friyd Hl=7ZE(2.07)
7} Down¥} Upztel ztol7} 744 sirt
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VL

20.00

10.00

A
o
=
30.00 /
o
ak

0.00

Squat Conventionalle adlift RomanianDeadlift

B.LVL Down ELVL Up

a¥ 17. 9% 5329 284 =(LVL)

A9 108e) BE APE, Fuhek HEZE, ANAY HEEE
e Y

Al A& (Left) 95F(LVL) 23 % SAHT d3s v=3 2oi(a

LVLY o5 Al 71 549 S84 EE Ups 7ITo= U
At Up Al 3 EE ~FEY 7HE =31, o=z 74
g X E Fulyck gl=g]ZE 0|3 Down Aldl%E & &

Up Ao 3 EE BE 529 A Down® Rt =21 Down¥ Upzte
7V & AolE Hole AL 2FE(1643)0lH, FriYd dl=7ZE(1.03)
7} Down¥t Upztel ztol7} 744 sirt
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g 29E, Friye d=gzZE, 2942 dEgZE TF A

X 6. HEZAZRF) dg Z 2 24 = (%MVIC)
e M@ AwAe
HEgZE HEgZE F p  Post hoc
1 2 3
19.63+ 6.60+ 9.77+ ey
21.77+ 5.26+ 10.67+ )
Up 704 375 6.40 19.766 .000 2,3<1
27.09+ 7.28% 11.30%+ .
- Down 11.69 462 6.27 16.682 .000 2,3<1
30.84+ 6.16%+ 13.48+ o
Up 17.88 357 6.69 12.786 .000 2,3<1
*xxp<, 001

(£ 6)2 =FHEJAx= Down Aol RRFY &4 =(%MVIC)=
19.63£6.40, LRF¢] +&4 &=+ 27.09£11.69¢] a1, Up Alel RRFeo &4 %
(%MVIC)= 21.77+7.24, LRF] <274 %=+ 30.84£17.88°] .

Frbyel Hl=gZEo = Down Aol RRFO &4 %= (%MVIC)+=
6.60£5.53, LRFY &=+ 728+4620]a, Up Alol RRFe &A%
(%MVIC)+= 5.26+3.75, LRF9] &4 =+ 6.16£3.57°]t}.

Aviad "E=gZEo A= Down Aol RRFY <A =(%MVIC)=
9.77¢7.60, LRF®] <& %+ 11.3046.27¢]31, Up Alol RRF¢ &4 %
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(%MVIC)&= 10.67+6.40, LRF] &4 =& 13.48+6.69°] T}

Down A RRF& ~FE9 28X %7} 196364024 7HF o Al
A HEZE (9.77+7.60), FrtUet HE=2 ZE(6.60+5.53) o]t} LRF
S AFESY FFAHEI) 27.09:116924 71 Eow AwAd "=
E(11.30£6.27), Fujuiel vl =g ZE(7.28+4.62) =olth 18la TAAHCR
o] g AFolE B AT

Up Al RRFS ~FEQ &84 E7) 2177+7242 4 7F¢ =om Awxd
=8 ZE(10.67+6.40), FrlUeh d =8 X E(526+3.75) «o]tt. LRFS ~
AES ZFAHE7} 3084:17.882A4 7H4 =ow, AwMME HE=gZE
(13.4846.69), Fvlyct tl=g ZE(616+357) <oltt ag FAHe=
o] g AFolE BT

#F, = A 2ZHE9 £A4E Down Al RRF¥ LRFo] ~HAE
(19.63+6.40/27.09£11.69, AWM I ©l=g] ZE(9.77£7.60/11.30+6.27), Fv}]
oF ¥l =8 ZE(6.60+5.53/7.284.62) wOo & EF gow Up Alol: RRF¥
LRFo] A E(21.77+7.24/30.84+17.88), AW g t =g ZE
(5.26%3.75/6.16+3.57), FufL et Hl=%] 2 E(10.67+6.40/13.48+6.69) +o =
B 2 JERs

Bonferroni Post hoc analysisE %3 Z3¥+%= RRF9 Down Al ~FHE(,
19.63+6.40)7F FrpUel HE=gZE(2, 6.60+553) ¢ AWM HE=gZE
(3, 9.77£7.60)°] T EAA frolgh zto]E H G 0™ (2,3<1), Up AldllA
T AFEQ, 21.77+7.24)7F  Folyel "= ZE(2, 5.26+3.75)9F AdAd
=g ZE(R, 1067£6.40)0 @A oA foldk AolE K TH2,3<D).
LRF2] Down Al AFE(1, 27.09£11.69)7F FupLjer vl=e|ZE(2, 7.28+4.62)
S} AwMd dEgZEG, 11.3046.27)8 ZZAEA 93 2o]lE B
Rom(2,3<1), Up Aol A~FE(, 30.84+17.88)7F Frly¢t vl=g =&
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(2, 6.16£3.57) ¢k HAIME HE=gZE(3, 1348+6.69)2 & =olA 2
gk Zfol& HATH2,3<1).

RRF

000 T
Squat ConventionalDe adlift RomanianDeadlift

B RRF Down B RRF Up

3% 18. LEF dH A2 224 =(RRF)

HA2dA 108 it AAE, Friyet g ZE, AMME HEHZE
Al @ 8% (Right) ¥ 2 (RRF) 4% F43 A3+ v=3 2o (1™
18).

RRF2] th& Al 714 &2te] 438 EE Ups 7|+o2
A3t Up Ao 234 EE AFEV 7ME =1, Loz An
e Zolol =g ZE $o]i, Down AldE 2 =

Up A9 2834 EE BE 394 DownHtl 3™ dlE(GM), WS
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Downd} Upite] & Aol BYd

o
HAze 2 Ao g oA @u gk,

LRF

\\
b

3500 © -

3000 © -

N\

2500 ©

2000 -

1500 -

1000 -

2
2t

-
N\

Squat ConventionalDeadlift RomanianDe adlift

HLRFDown MLRFUp

a9 19. 9F d¥3 29 284 =(LRF)

VA dA 1078 g AAE, Friyel qudZE, AdME HEHZE

Al AZ(Left) e A Z(LRF) <4 %= SA% d3= a3 2o(2d 19).

LRFe] o3 Al 7k 529 224 EE Ups 7lwo2 Yidaeoez A

g3k Up A9 284 %s 2FEZ /M =31, vFes

gzE Friyel Y=g ZE {£o]a, Down Aok & o2 ey

Up A9 28345+ BE F2oA DownXth =9 dlE(VM), WS

FZVM), $FF2(VLel Hls) e dZe Friyeh d=gZEA
=

Down Ao &4 =7 Up A9 <84 = ®Hr}t (1.12)9F ¥ =1} Down
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o Upztel & Aolg HH e, W53, ofS3rel vis] o5z

= 2 Zols HolA & Ut

2. 539 7 ¥ 99 2AE 3

vA2dA 109l et A E, Frpueh =g ZE, AdAd HEgZE

]_
| 2% [Right)e] HEZ(RGM), WFHFZRVM), 9F¥(RVL), HE

>

AZ(RRF) ¥ AZ(Left)e] tE=Z(LGM), W=FZ(LVM), ¢ =%4(LVL),
P82 (LRF) +d% A% A3 g3 2oH(E 7).
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B 7. ZF &0 gt 2od 2Fde (%MVIC)
. EE D Al
B Hogze G EAS
Down Up Down Up Down Up
Right 1 5.24 11.85 8.06+ 13.33+ 8.24+ 12.70+
G & +1.75 +6.37 4.64 .09 2.94 4.24
M 9 5.16 10.65 6.68+ 10.55+ 6.92+ 11.84+
+1.93 +6.32 3.26 3.57 2.16 4.34
Right 3 3233 51.92 1591+ 1819+ 2387+  40.12+
v e +1509  +22.90 8.45 3.85 10.30 17.45
M 4 4 3198 52.12 1467+ 1762+ 2343+ 4172+
+1294 2273 6.20 9.63 11.16 20.78
Right 5 3972 52.75 291+ 2498+ 3059+ 4001+
L g +16.96  +20.08 14.31 14.97 16.98 19.58
Left 6 . 3628 52.71 2397+ 2500+ 2970+  42.23+
+21.16  £23.51 14.97 13.68 17.75 18.86
. 19.63 P 1 6.60+ 5.26+ 9.77+ 10.67+
Right ' 7 640 794 553 375 7.60 6.40
RF
27.09 30.84 7.08+ 6.16+ 11.30+
Left 8 1760  +1788 | 462 357 6.27 %ggi
F 10.05™ © 11.79™* 674" 685" = 835 1196
D .000 .000 .000 .000 000 .000
1,2< F27<_ 1278<—a2728¥ - 7178< 1278<
Post hoc 34568 3456 56 5.6 3,456 3456
*xxp<.001
7, 2FE 53 A g EZ 2 JEATFE 23 SA3Z T
JAF2 105 gt ~FE 2 Al LEZ(Right)d HE=(RGM), W
SHRVM), €53(RVL), WEZAZRRE)Z AF(Left)d] et
(LGM), W=ZFOVM), 9=%32(1VL), ¥ Z(LRF) <4d% =A%

A= vea 2

THEE 7).
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Down A RGM< 524+1.75, LGM< 5.16+1.93, RVM< 32.33+15.09, LVM
2 31.98+1294, RVL-S 35721696, LVLS 36.28+21.16, RRF= 19.6346.40,
LRF& 27.09411.69% uWERYETh LVLY &8 %7 36.28421.162 4 7HE =
o1 RVL 35.72+16.96, RVM 32.33+15.09, LVM 31.98+1294, LRF 27.09+11.69,
RRF 19.6346.40, RGM 5.24+1.75, LGM 5.16£1.93 <=o]t}. Z1glal SA%e=
ol g AFols B AT

Up Al RGM2 11.85+6.375, LGM-& 10.6546.32, RVM-& 51.92+22.90, LVM
& 52122273, RVL- 52.75420.08, LVL-2 52.71423.51, RRF+= 21.7747.24,
LRFE 30.84+17.88% WESETE RVLY L&A %7) 52.75420.0824 7HE =
o LVL 52.71#23.51, LVM 52.12+22.73, RVM 51.92+22.90, LRF 30.84+17.88,
RRF 21.77+7.24, RGM 11.85%6.375, LGM 10.6546.32 <=o|t}. 12lx A%
2 frol g Aols HArh

Bonferroni Post hoc analysisE &3+ 23+ Down A RVM, LVM, RVL,
LVL ¢ LRF= RGM ¢ LGMel frelgk xfo]l& X Avh(1,2<34,5,6,8). Up
Al RVM, LVM, RVL, LVL> RGM, LGM¥} RRFd] 28 x}o]& 1<l
t}H(1,2,7<3,4,5,6).
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Squat %MVIC

G000

50.00

4000

3000

2000

dd
VL RVL -~ RVM - LuM LRF ERF RGM,  LGM

000

B Squat Down '®Sguat Up

¥ 20. 2HE F&FY Hd ZE4 =(Squat)

2FES g 8 98 SFAEE Upe 7IFo2 Pz AY
i<y 20>, Up Al Z8A == 9=%3Z(RVL, LVL), W=3<
(LVM, RVM), W= 2 (LRF, RRE), HERGM, LGM) o2 ¥o
Down Alol%= 2 oz yelyt Up A9 SS8XHEE BE HddA
DownX.t} =kt

Down¥} Upzte] 7}8 & 2olE Holx AL W3 oz LVM(20.13)
°F RVM(19.59) 01, o5 2]+ LRF(3.75), RRF(2.14)2. 2 Down¥} Upzt
o] zpol7} 71 e

ofd

’

4. Friyed dEZE F4 A dE2 R dHAFS 24E
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=373

42 108l gk Feiye dEgZE 52 Al 2 % (Right)9] o
T (RGM), W3R VM), 91533(RVL), WEZZRRF)I 9Z(Left)
o] ELLGM), WEFZLVM), 253<(LVL), ¥4 (LRF) 4%
g A v 2ok 7).

A\

Down A RGM< 806+4.64, LGMS 6.68+3.26, RVM- 15.9148.45, LVM
< 14.6746.20, RVLS 229141431, LVLLS 239741497, RRF+= 6.6045.53,
LRFE 7.2844.622 Ebytth LVLe Z8A%7) 23974149724 7HE Eo
™, RVL 22.91414.31, RVM 15.9148.45, VM 14.67+6.20, RGM 8.06+4.64, LRF
7.2844.62, LGM 6.68%3.26, RRF 6.60#5.53, <=o]t}. 183 SA%oz {93
Zpol 5 BT

Up A RGM< 1333809, LGM< 10554357, RVM< 18.1948.85, LVM-&
17.6249.63, RVL 24.98+14.97, LVL-& 25.00413.68, RRFE 5.2643.75, LRF
T 6.16+357= YEREL LVLY #A4%rF 25.00413.682 4 7H¢ mow,
RVL 24.98+14.97, RVM 18.19+8.85, LVM 17.629.63, RGM 13.338.09, LGM
10.5543.57, LRF 7.28+4.62, RRF 526375 <=olt}. 1g]x A4z H2] %
ZpolE BT

Bonferroni Post hoc analysisE &3 A3+ Down 4] RVL, LVL2
RGM, LGM, RRF ¢} LRFel| {3t Aol& HQITH1,2,7,8<56). Up Al
RVL, LVLZ RGM, RRF ¢} LRFdl 9|3 ztol& HITH27,8<56).
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RomanianDeadlift %6MVIC

L
15.00
10.00
LWL RVL RivM Ll RGM LRF LGM RRF

a9 21. FulUet HEEZE B39 Hoy AL
(Romanian Deadlift)

Fotyeh degZES] vty 87 #HE ZZ4EE Downes VEo®
Wedxeoz AEddrp<ad 21>, Up A9 28 EE 9FFZ(LVL,
RVL), WZ3¥(RVM, LVM), dERGM, LGM), ¥ 4 <+(LRF, RRF)
To2 Fom Down Alols HUEHLGM)Y HdEAZ(LRF)E A9
T2 Fog yeygth Up Ao @4 =E 954 RVL, LVL), Y
232 (RVM, LVM), tE(RGM, LGM)olA Downitl %o whdl o=
(LRF, RRF)2 Down A9 ¢ =7} Up A9 484 E B ¢ =
Al vheRsk

rﬁ
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gAgA 10" dis AMME bEgZE B2 Al 9 EZ(Right)o] U

FZ(RGM), =3 Z(RVM), 9=3(RVL), &2 Z(RRF)H 92 (Left)

o] tEH(LGM), WSEH(LVM), ¢53(LVL), ¥4 (LRF) A%
A3 Aye v 2o 7).

Down *A] RGM< 8244294, LGM-2 6.92+2.16, RVM<  23.87+10.30,
LVM- 2343+11.16, RVLS 30.59+1698, LVLS 29.70+17.75, RRF+&
9.77£7.60, LRF& 11.30+6.272 YEFSth RVLY &4 =71 30.59+16.98%
A 7bd =ow LVL 29.70+17.75, RVM 23.87£10.30, LVM 23.43+11.16,
LRF 11.30£6.27, RRF 9.77+7.60, RGM 8.24+2.94, LGM 6.92+2.16 <=°|t},
aga BAHORE fog Aols HATh

Up # RGM 12.70+4.24, LGM- 11.84+4.34, RVM< 40.12+17.45, LVM
© 41.72+20.78, RVLS  40.01£1958, LVLS  42.23:1886, RRFE
10.67£6.40, LRF+= 13.48+6.69% EWTH LVLe] &84 =7 42.23+18.86
24 74 Eow, LVM 41.72£20.78, RVM 40.12+17.45, RVL 40.01+19.58,
LRF 13.48t6.69, RGM 12.70+4.24, LGM 11.84+4.34, RRF 10.67£6.40 <=°]
ok aga FAHCRE frolg AolE: HATh

Bonferroni Post hoc analysisE &3 Z3¥+= Down A RVM, LVM,
RVL¥} LVL> RGM, LGM, RRF ¢ LRFdl <93 Xols HolH
(1,2,78<3456), Up Alel= RVM, LVM, RVL¥} LVL2 RGM, LGM,
RRF ¢} LRFoll &% 2olE& B ATH(1,2,7,8<34,56).
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ConventionalDeadlift %MVIC

4500 ~
40.00
3500 -
30.00
2500
20.00
1500 -
10.00
5.00
0.00 1

LV LVL RV I RWL LRF LGM RRF RG M

B ConventionalDeadlift Down B ConventionalDeadlift Up

g 22 AdAME dHEgZE BZe] By 28X
(Conventional Deadlift)

A9 =g ZES o 8/ #9E 224 EE Upe 722 Ud
Aoz AAIPUG<IY 22> AWM Y HEZE Uple 234 EE &
G 59 e #9E B o FF(LVLD), HNFEOLVM),
42 RVM), +953<2([RVL), A E A Z(LRF), $HE(RGM), =ty
F(LGM), $HEHZAZ(RRF) 22 o1 Down AldE ¢34
(LVL, RVL)e] 7Fd =ow, o =2 WEH3(RVM, LVM), dEAZ
(LRF, RRF), H&<(RGM, LGM) =olth. Up Ale] 2845+ BE 59
ol 4 DownX®th A et Downd Upite] 7F4 2 AolE Hol=
AL YWEFZow LVMUI829)¢ RVMU6.25)01 ™, th& 222 LRF(2.18),
RRF(0.90) .2 Down3} Upzte] ztol7} 74 vt
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E, Fohst o

hyA

E(%MVIC)+= AdAd dx=g
E ~FE £o2 vYguton Up A LGMe &
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Y. =3 Z(RVM, LVM)

2~FAE, Fulyel g ZE, AwAMgE Y=g ZE A Down Al RVM
o] ZZAAE(BMVIO) = 284 %e FAE AoRsts W 2HAE AuMd
=g zE Fuiygt gl=g2E Fo g yeuton Up A4 %= RGMo

AE(%MVIC)E ~FE, ZaMgd degZe FulUel geg e
T2 YEeST Down Al LVMe] &4 E(%MVIC) & ~HFHE, 7AW
g ZE, FolUek gEgZE Foz Ughwon, Up Al LVMY =&
A (BMVIO)®ES ~AE AvMd HEgZE oyl bgog TE &
o2 uyelth Ninose(1984)9] Aol o8ty FHdl Fol4 FHYEF
(Maximus Voluntary Isometric Contraction : MVIC)S A|8J&tH A 9=
3 WEF2Y 2= ges BAGS W s3I e3E == 30

oAA 15%. 60°clA 25% Q= e ohal B v d s=5 427t

it
4
N
N
offl
2
19
i
rd
gk
o,
ki
N
i
hY
iy

htoele AR,

2HAE, Fopyel gEg e, AWMAYd 8 =8 ZEJ A Down Al RVLY
THHYE(MVIO) = Z2ZHE FXE AVEgS uf ~FE, 7AiM E b

2 ZE, Friyeh HEIZE FoR YERgown, Up AldM = RVLE
TEAE(XMVIO) = =FAE, 7AvAdd bdEgZE Falych fgEgZE
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s}

(%BMVIO) &= ~HE, 7AdAMd dx=g
Elykom, Up AlddA%E LVMY

b =g
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TEYE(BMVIO) = S84 E FXE AHEGS wf ~FE HaMd O
YIE Fupygh dEgzZE Fow yeiwrow, Up Ao = RRF2
LA E(XMVIO) = ~FE AwAE HEgZE Faiyeh gEgZE
&=°% Down Al FY3A YElsth Down Al LRFeO <84 =
(%¥MVIC) = ~FE, 7MY dEgZE Frulyet HEZE Fo2 1
Elgtom Up AlolA % LVMe A E(%MVIC)®ES ~HAE ZAdMd
HegZE FulUeh =g ZE $o 2 YEy
A5 F535(1999)9] Aol wEWH E3F #dsidA U, 952,

N,
s
=
1o

ot
FU
<
=
<
i
=
=
s

»
Au
=
E

l'l
>
i
o,
o
oft
o
do
)
i

Rl

2. B2 7 %99 ZHE

e

AFAE A F = Z2FAHEY £X4E= Down Al LVL, RVL, RVM,
LVM, LRF, RRF <22 yYeyon, Up Al RVL, LVL, LVM, RVM,

LRF, RRF, RGM, LGM #o2 ueyt z 9= ne= o=z 23
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al
ot 80%, 90%°] THolA =A SEAHET FrleteE AR Yehwon,
9, WEFe FHo] S7kge uEld dAHdez Frksts Aoz e

St 48201008 Arek 2 Ao Aol 22 AdE Hola &

Bonferroni Post hoc analysisE &3+ 23+ Down A RVM, LVM, RVL,
LVL ¢ LRF= RGM ¢} LGMe°l Folgk Afeo] & H<QIth(1,2<34,56,8). Up
Al RVM, LVM, RVL, LVL> RGM, LGM¥} RRF| 2|8 x}o]& 1<l
t}(1,2,7<3,4,5,6).

4. Frhe gEgzE

Foiyel deglZE A F, 5 ZFZA4EY &AMt Down Al LVL,
RVL, RVM, LVM, RGM, LGM, LRF, RRF o2 uelwtoen, Up Al
LVL, RVL, RVM, LVM, RGM, LGM, LRF, RRF <o & eyt

A HE 2O Al F& QA BE A 259 S84 E vl §

Be W S8d TH AA9 459 W 95E(VL), HSFH(VM), tE

HZZ(RF) FAET 7FE =4 U2 Je B Ayt A5 Ao
o} ohvl H899(2009)8] Aol e Azkel 4w nAE Aeola B oA
Tol A= A ko] ZF37 3thsE HoaE i zpol7t 9l

_—

nt
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Bonferroni Post hoc analysis& $% Z3+ Down A RVL¥} LVL2
RGM, LGM, RRF ¢} LRFel {3 Apole Bo]v(1,2,78<56), Up Al
% RVL¥ LVLZ RGM, LGM, RRF ¢} LRFel| old xfol& Heltt
(1,2,7,8<5,6).

o AWM E HEZZE

AdAd dEg2ZEe A 5 FZ4 5 FA+= Down Al RVL
LVL , RVM, LVM, LRF, RRF, RGM, LGM o2 uelston, Up Al
LVL LVM , RVM, RVL, LRF, RGM, LGM, RRF % & teyt

o] Ayt gugl&2, & - tEY oA SR 90° HA A
=7 &5 BFAdA =4 dEetgna 2 g7 AUk, A%
7(2013)¢] A A st EAFHES] FEAFPE A P A THE
g A3 PdAF2014)9 A 279 Ao £ Ao AwAE H =g

AR FEAFHE(70°~10000 ZBHEE

s

Bonferroni Post hoc analysisE& &3+ 23+ Down A RVM, LVM, RVL
¥} LVL2 RGM, LGM, RRF$ LRFel f<3 Aols Holw
(1,278<3456), Up Alel= RVM, LVM, RVL¥} LVL2 RGM, LGM,
RRF¢} LRFel 2|3 2po]5 K QITH(1,2,7,8<34,5,6).
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degzE AdME HEYZE &5 A 730E e 2 HEAFZ

7t AEZ(RGM,LGM)ol tid 4 $29 2= vl

K

Down A RGM2> AWM d HEg|ZES] S 7MY Fom Tt
Uk dEgZE, ~FE Fo& ey LGM 94 AdwAd d=g =
Eo 2@AYES} 7MY o, Fuhcl BERTE, AAE $o® ey
o 283 SAHSREE gk AolE Holx] &

Up Al RGM2 FriUgt dl=gj2E9] 284 %7 7 =0} Down Al
= o Yegon, dgor Adad dEgZE AFE o2 yE
Yok LGM2 AWM deg2Ee] g4 w7t 7 o, AFE F
vyl HlEgZE o2 Yyt aga FARE &

HolA] ook

¢

;
Lo

& AolE



Bonferroni Post hoc analysisE® &3 23+ Down, Up Alol RGMI}
LGMell tgh A E, Fupyet dEgZ2E AwMd HE=gZE] 84
E7F ol gh xol& HolA| ¥t

Y. WSFZRVM,LVM)9 3 24 29 A= 8w

Down A] RVM2 ~FE° A=Y 7F4 wom AdAd g=g =
E, Fubygl =g ZE o8 yewt. LVM 9] 2FES Zd4 %
7F 7HE o, A HEgZE Fulyct HEZE FO7 eyt
o a2l FAACE 793 2o]E B Up Al RVMS 2 E9 &
2AET M soen AWM d HEgZE, FriUdh HEZE o7
UEE T LVM S9A] 2FES] 2457t 7P won, AdAd =g
ZE Fulygl HEYZE $£O 8 UEWYT a3 SAHSRE Fo3 A
°ol& HAth

Bonferroni Post hoc analysisE &3 Z23+= RVM<] Down Al ~FHE ]
cEA =S} Frubyh H=EYEZES ZEHETE #Fo3 Ao]lE HGoH
Up Al 2FES A d gEgZEE Fupyct HEgZESL {3 A
o5 EATH2<1,3). LVM® Down Aldli= AFAES] &t Fvpycl
Heg e A7 723 AolE BAOM(2<1), Up Al =FHESH
AMAd dEgzEs Frpyeh HE=gZES {23k ZolE KUY
(2<1,3).

. 9 FFZRVL,LVL)Y dig 7 539 ZH=E H

Down A RVLE ~AFES ALY} 714 o AwMd b=gZTE
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FrYSE B ZE o YEETh LVLS AFES S 57 7H
=on, AWAY g ZE, fulor g ZE £o2 eyt g
i BAMCRE fole 2ol Kol gkt

Up Al RVLE ~FE] 2@AE7 7b 2or #AMd degze |
Fubyeh PlEgZE Fo® yEyth LVLE 2HE A7 7+
zom MY HEYZE, FruiUl HEgZE #0078 yEylth 1
i FAHCE fFold 2ol s Bt

Bonferroni Post hoc analysisE &3 A3+ RVLS Down A 2FHE,

_—

.

Friyeh v zE, AWMd HEZES] S@HEE o7 AlE
Holxl &tem, Up Al &AE 9 Friuet =g ZE7F F93% Aol &

AtH2<1). LVLS Down Al ZHE, FuiHk =g ZE HAulqd
e ZES ZFA4EE 7o AolE Hol#| Fdew, Up A 2HAE

S} Zohuel deEelZEL Fol% AelS BMATHR<D),

2t. W52 Z(RRF,LRF)° ti& Z} 29 2= Ha

Down Al RRF2 A=HES =7} 71 =om 7w d gr=giz
E Friyot gl=g|ZE Fo2 YEYTH LRF 9A] 2 E] 28wV}
7HE o, AWM dEZZE FrlyQlt =g ZE FOoZ LEY

a3 BAHOR fo8 xolE H
Up A RRFE ALl 2847k 7bg om Aund vegze
nfyel g=gZE o7 eyt LRF 94 ~FE] 234 =7} 7}
=on, AWAY g zeE Frol g ZE o2 Uehyt
a3 BAHOR o8 xolE H

Bonferroni Post hoc analysis& &3 23+ RRFS Down A Z=#HEZ}

ut

o



Frhuer dEelZE o AwAY due ey SRR Fo% ol
g RPOomM(23<D, Up AdlAE 29Es Fohet d=gres A0
Hd dEgred 2aydreld fol@ A& BATH23<. LRF
Down A 27E7} Fulyet deagZe of Awdd Hegree 23
HEel A fod Aols mALM@3<D), Up AdHE AHES Frher
HEYIE o AWM dee e 2R o8 FolE Bt

(2,3<1).

Down 4] LVLe] +8Hd%=7}F 74 =01, RVL RVM, LVM, LRF, RRF, RGM,
LGM =22 ygyrth 181 FAZXCE F9o3 xo]& Bt

Up Al RVLY &34 =7 714 =ov LVL, LVM, RVM, LRF, RRF, RGM,
LGM =28 ueylrth 281 FAXSE ot o] & Bt
Bonferroni Post hoc analysisE &%+ 23+ Down A RVM, LVM, RVL,
LVL¢ LRF+= RGM ¢ LGMoell #¢& Afol& H<QItH(1,2<34,5,6,8). Up
Al RVM, LVM, RVL, LVLZ RGM, LGM3 RRFel| ojgt zte]& <l
TH(1,2,7<3,4,5,6).

vl Fulleh dEZEFTA A £ ZHE v
Down 4] LVLe &84%7} 74 ¥ ow RVL, RVM, LVM , RGM, LRF,
LGM, RRF =olt}. 183 SAFSRE Fo3k zfolE& H AT

Up Al LVLe &4 %7F 71 o1 RVL, RVM, LVM, RGM, LGM, LRF ,
RRF <=olt}h 1glal FAFSR fold 2olEs H At}
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ZA3+= Down Al RVL¥} LVLE
RGM, LGM, RRF, LRFel| 9|3 zto]& HITH(1,2,78<56). Up Al RVL
¥ LVL RGM, RRF, LRFl| #2]3F Afol& HITH2,78<56).

Bonferroni Post hoc analysisE &

AL M dEZE T A FHE 241 E Al

Down 4] RVLe +#A4d%7t 714 =om™, LVL, RVM, LVM, LRF, RRF,
RGM, LGM =2 & uetsth 183 FAXORE fogh xfo]E& KAt

Up A LVLe 284 %7} 74 o LVM, RVM, RVL, LRF, RGM, LGM,
RRF <=olt} 18]a FAXSR {938 2ol & H At

Bonferroni Post hoc analysisE &%+ 23+ Down A RVM, LVM, RVL
¥} LVL2 RGM, LGM, RRF¢ LRFe <3 Aols Holw
(1,278<3456), Up Alel= RVM, LVM, RVL¥} LVL2 RGM, LGM,
RRF ¢ LRFoll 4% 2olE HITH(1,2,7,8<3,4,56).
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2 ATe BHe ol Edold WAEe] kst aF A
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