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ABSTRACT

The Effects of Exercise Types on Physical Fitness, Balance
and Changes in Brain-derived neurotrophic factor,

Insulin-like growth factor-1 and Cortisol in Elderly Women

Park, Sang-Yong
Advisor : Prof. Ahn, Yong-Duk, Ph. D.
Department of Physical Education

Graduate School of Chosun University

This study aims to examine the effects of exercise types on physical fitness,
static balance, and changes in BDNF, IGF-1, and cortisol, to analyze physical
fitness necessary for daily life, balance good to prevent falling, and changes in
related factors of brain derived neurotrophic factors, and to provide suitable
exercise programs by conducting badminton, yoga, and elastic band exercise

for 12 weeks with elderly women. Finally, the following results were obtained.

1. For changes in physical fitness in elderly women according to exercise
types, the badminton group had statistically significant difference in chair
stand, arm curl, 2-min walk, and 244cm up-and-go. The yoga group had
statistically significant difference in sit-and-reach and back scratch. The
elastic band exercise group had statistically significant difference in chair
stand, arm curl, and 244cm up-and-go. For between-group difference, there
was statistically significant difference in arm curl between the badminton

group and the yoga group.

2. For changes in static balance in elderly women according to exercise
types, the badminton group had statistically significant difference in Med-Lat,

Ant-Post, and velocity moment of normal standing eye open, normal standing

_iX_



eye close, tandem eye open, one leg right standing eye open, and one leg left
standing eye open. The yoga group had statistically significant difference in
Med-Lat and velocity moment of normal standing eye close, Ant-Post of
tandem eye open, and Ant-Post of one leg right standing eye open. The
elastic band exercise group had statistically significant difference in Med-Lat
and Ant-Post of normal standing eye open, Ant-Post of normal standing eye
close, Med-Lat, Ant-Post, and velocity moment of tandem eye open, and
Med-Lat of one leg right standing eye ope. For between-group difference,
there was statistically significant difference in normal standing eye open
between the badminton group and the yoga group and between the elastic
band exercise group and the yoga group. There was statistically significant
difference in Med-Lat and Ant-Post of tandem eye open between the
badminton group and the elastic band exercise group. There was statistically
significant difference in Med-Lat of one leg right standing eye open between
the badminton group and the yoga group; in Ant-Post of one leg right
standing eye open between the yoga group and the elastic band exercise group
and between the badminton group and the elastic band exercise group; and in
velocity moment of one leg right standing eye open between the badminton
group and the yoga group. There was statistically significant difference in
Ant-Post of one leg left standing eye open between the badminton group and
the yoga group

3. For changes in BDNF, IGF-1, and cortisol in elderly women according to
exercise types, the badminton group had statistically significant difference in
BDNF, IGF-1, and cortisol; the yoga group had statistically significant
difference in cortisol; and the elastic band exercise group had statistically
significant difference in BDNF and IGF-1. However no statistically significant

difference was found between groups.
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of #oslal, synaptic plasticity 285 5-S 73l 92 H(Thoenen, 1995; Lewin et
al., 1996; McAllister et al., 1999; Klintsova et al., 1999), Neurotrophin family®l+=
NGF(nerve gorwth factor), NT3(neurotrophin—-3), NT4(neurotrophin-4), NT5
(neurotrophin-5), BDNF(Brain-derived neurotrophic factor), %°] dow, REE
Neurotrophin family < 50%2] ofu]w=2t A do] Adxste= +24 FAES 7F
A a2 9t (Louis et al., 2006; Hennigan et al., 2007).

ol#]3 g A5 S Mk A (precursor protein)e] HE|E vlEolz & GxF
AP S Ax &d3 Gl d(mature protein)@ FAE o] AE Yoz Hu
= o] FAHA (dimer) & ©]Fo] 7]sokAl ¥ th(Sariola et al, 1994; Barbacid,
1995; Lewin et al., 1996).

D. BDNF(Brain-derived neurotrophic factor)$ %

Q3] M= A F7ht Ay, Abael] A 5ol FAsEA AES 9143
o5, 10, AABFe gadh oled J15HA WeE s 5]
N7 ABAQ QA e ATt AHAA T 9

BDNF& Alge] ¥H=ZFPH fFEFo Aozl oF 27 KDaoll sld=& & 7]
A et (Robinson et al, 1996)2. & t}%ksl & dHgoA ]y AAANFE A
Zodtdo] FQ 3%k EFolHA AldEA ] gk S mo] A AES A
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Athar B adbar 2tk Neeper et al.(1996) 52 FHE oz 3 AfoA FAF
2> ¥% % BDNF mRNA Zdeo] Fr7bedetar B shglvh 9 A9 444
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gotol $E99S ARG E, £59GY A 25L& AP F3l BA
R0 folasl Frhstel 5ol A% Mo J5A A 245E YFAE 2
9ot 3 44 £ES BDNF, IGF-13 2 48949 2ae

%6] BDNF: thoreh NI4T 4% 2 AES B3, AWs 7}
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AgH $Fe Wtk we $Eudlel UL FEFORA ZAEY 4% 2

oo wue 2NN S Adseee Rz fEgons R

oflwate] o] §& FaATlm AR ol §& FIAEL BE, ALVE F

@ ofulwmate] £EEe Esm A AAA S (transcription)o] @ Fol
o =

Z4 gd o] A& FH gtk (Kraemer et al., 1999).
=23 yelA %3135 = ¥ (endogenous anabolic hormone)% A &
Q1 2k (growth factor)®] #H|E Z=3Fo] A7 U & 4] 7 (neuroendocrine system)

2 A3} A7 (Fry et al, 1994; Kraemer et al., 1999).



E. IGF-1(Insulin-like growth factor-1)¥% ¥ %

IGF-1¢9 &4+ 19574 Salmone® Daughaday”’} # ¢ oA Hx= Ak
olxE wAsto 7 A F (A EA, 2003), A= somatomedin-C -
IGFsZ Edt} IGFse A A= ligand?! IGF-13 IGF-1I, IGF 13 & (type
I IGF receptor)®} IGF I8 4&A(type I IGF receptor), ¢l
o1z Ag o A (IGF binding protein : IGFBP)® FAH™, <l
Agda Ay A FeE Ao SAFH (el At &, 2005).

IGF-12 QA1) dRg uwep dile] E3x¥w 70709 o iito g o] Fo]xl

single chain polypeptideZ 371¢] ©]383}l&(disulphide) 238 E 7FAaL g o
W FxHor EZZlEH(proinsulin)¥  ofv| Al M Aol 48% = & UEITt
(Brissenden et al., 1984). thi-# ¢ s 2253 b2 4 IGF-1& o8] Z 7 o A
A E type-lolyt type-2 F&A EFE Foto] AEgvh. EgE A
oty Agkete] Foet ol A Fote] WIS AAsta e Al
AP E RS Age] A48S ot FE&AE ols T 3 % XA E(myoblast)
o FA ¥ F3E Fxlste Aow dHA dvh IGF-19 A7k H] (autocrine) 5
= FHEW](paracrine)e] W=7]14& IGF-17}
AbetH AWAELE 22 w529 IGF-1& X3st. IGF-1 dd5Fo] 43
S7kstE olfre EElA AA FAW AWy FHAEE XIS BE AEE
of myo} #eo] = ALoR AuEHEH oyt AixEo] IGF-1& Aitsta
A 7%kst 7] w <ol o

w5 IGF-19 Wsto] gk me] A4 &5& A3 K®EH Carro et al.(2001)

< 7R 0] IGF-19 55 S7HAA ¥ 7sd 84 FF=

Lo dofHes A= A= &5 EF &
g IGF-1 o] F¥H+= Aoz HHEJt(Cassilhas et al, 2007;
Rojas et al., 2010). =3 AW 5(2010)> =5 Aol e olss Ui

Mz wEe AASel £¥ wAA IGF-1°] %A Fskdn
[ox]

MAYD B ga SE



F. Cortisol®} &%

Cortisol& FAlT Ao A HuEE FQ FF 3 FE Fol=(glucocorticoid) &M
A7 3EYN F T uge 7 el o) HEEY FXdd 7]oste =2
=]

Eolth(M A, 2003). Cortisol> ACTH®| < &slo] #H| %= FHE FZAH RO

E (cortocosteroid) o] AA W BRE FFIAFE AL 2L 9] 95%7} Cortisol
of o&f o] FoZth MEUY AHEE FE&A} AFst oY t¥d Vs

g
< UEl = 2E 2z ddEAAN oyA Td 2 AddA q5
of F28&5 Yetdth dyA s ad
R AFEZAAN G FeE F3A
a4 A, 2 odyA Agkel Ab

=
Cortisol 414, A4 A=5& Sl AlZeFE ASAA FAIADAA F
B

oo oo
M
:oé
i}
o
=
oL
>
o
BN
>
b
oz
1o
Jz
-

AFE AS5 2R oA FHHH ol FAMHE ASFEE WE =2
(Corticotropin Releasing Factor : CRF)° 9ajAq ZdHY. £ 7| &
sh=, AW 22 @ iabel fdo] o, Ing AMES FXstE a4
o] AAE FT/HAA oAt mRE XS AT EH =FIAIEY
F o] =(glucocorticoid) 22| ¢F 80%7} Cortisole] ™, YW =A] 20%7} ZZE <&
(cortisone) o2 FAE o] At} Cortisol TEELS 2EHA 29 AdFQ
oIz ZFFI12, ACTH, 43283 AEAAY =9 24 Fd23),
A solA MEZ AsEes Ul &5 1 AA= Ao 2Ef 299
3 FEOEA QA A4S WA dA e BEE RN de
8o FEFH, AR, A R 2EH Y i FA4 59 T
= 5 7 o, ol aglel wet AlE §kgo] thefstA vERdT

&% Cortisol®] @A thdk AF-ollA AR AT
Cortisol & W3IA 7] A @AY o3 A7, e
L7t 7SS A9 €% Cortisol % S7Herha B aE AtHRojas Vega
5o el #e AFolA= 5 oY

et al., 2006). FHRE 54
o} &EAE AZE ol 93 Cortisol®] FFo] Wslels S o F Utk F, &
&l Ao A Fref A= F-ok7F F5 Cortisol wH|7F S7FeFA AL, &5 -
<
s

=
}7} oFst= Eul o] 7Z4ads & £ (A4, Wi E g 2003).

ol



. 74

O~
12

AT

AT gidAtE GRFAA AF
=2l 9 30W e FEoE A 2
el AFAZEE SES AES 52 F ARHA T ¢ AFEE dis)
At FZoste s o] wj=vd &5 T (BG-Badminton Group), £
(YG-Yoga Group), ©8WM=E &% (EG-Elastic band Group)2 = ZtZ} 10
A oQlom TS o, o] AFtRY AAA 542 <3 1> 2k

<E 1> Ao A 54

E BG YG EG
(n=10) (n=10) (n=10)
L}o] 66.0£0.82 68.9+1.85 68.3+1.63
217 (cm) 158.1+3.92 155.8+3.67 156.1+4.15
A= (kg) 57.6+4.79 57.0£5.27 54.3+6.92

BG-Badminton YG-Yoga EG-Elastic band

B. 9+ AA

B oATE vl o4 YaoR WEYE, av) s £5S AAs A
23l #d%5% 2 BDNF, IGF-1, Cortisol#13hol] WA B3 Fobusl &5
Pol W AR, AF W A ] Aol F Hlw FHaA thest gol ARG



=90 o4

o A2 A (n=30) :
!
AL A A A
O AHHAN A A sttt oA 7], GHE7], 28 Azt 7], ozt gko}
gto & #3l7], 5 HelM £77], 244em FE A7)
O AA w35 (dAitshlie ~A| 2~
O FANHAHBDNF, IGF-1, Cortisol)
l

271 %5 T (n=10)

o)olk
L7]§- PA

O A= AH 2] 2}l A
dow w37,

-

A F A
SEREREE

5 HolA 3171, 244cm EE A7)

@ (sl P A 26

2% A 27,

o tell ok

o}

O AA
O FANHAHBDNF, IGF-1, Cortisol)
!
285 &4
SPSS 19.0
!
4 3

<ad 3> AT A



SAE A& AR & =
2177 SECA 222 =4 N =24
A =7 HE-23 il As 54
=2t FIBER GLASS(50M) ol = Q1A = A A
k! ER101(2kg) ol =1 A = A A
ZAA DT320 TTO03A = A A = A AL
W 247 Good Balance System 4d= A Ty 1A
Siemens = BDNF (& A}
ool 2] 7] Immulite 2000 XPi = IGF-1(Z 4 AH
ADVIA Centaur XP ) = Cortisol(& 7 A})
[Sa=R A= Thera-Band n = A EE57)T

oAFo e AHe Rikli & Jones(2001)7F 7H#e =91 A 2 374 (Senior
Fitness Test; SFT)‘%‘?Q% ojgat o, FAAA SFAHEYELE ool A Sk
o Ao A 7] (A 29 -3]/30%), ARBE7I(FATH-3]/30%), 2w AAE A7)
(AR A5 -3]28), Ao ghol oz w3 7| (A F A -cm), & FHolA &

H71CEA T4 -cm), 244cm G5 7RG B2 SAHIAE-2)E AAE3

|

() el A gkeh Aoy @Ak AP HelE v, we v

=]
=
oW oA F7b Fiel grvh ojml B XA mFom el Firh T ou

=2



F, Aol ez ﬂpze} #7302 ool $3] AojH the thAl g

(@ GWEY] AAc FFAE HUE Aa, we g B dHE gus
Soleen ety BHe] QES % AFe] FES F F, ©AL vl
FAem delEn odiat wyer AES odr Wde 5089 g
e AR GEA & FHlA ME SRR Aod FRAEF Hu A
45 AM ol APom BoloEF Bk WA glo] F Wl FA4L AL
= @ F, Adolgh Ase A 02 5% AT A4 =@ S
Aud qREe A% ngHol A= At

(3) 28 AR A7) GAL : Agelets AEsh @A 2% B Ay A5E
NEaah. 4 A T8 ol FE wMsh F¥ Atole] FuAHe] HES
@k ASE FAW A5E AYFES S0, ol NAAE Wl do] HEE
@ & g mold oz HAse] FAsant

) olpel grol o FEY] AL WPAE e BRE BEF F F,

oSk g Abele] ddelst ox @REe] AgAele] AReA Folw: F
of W e @ % B YO A5 F WEF Fu, W WP FFAA B
BAS v Wtk £o AAEF stel FAS AW & F, FA 4
Wik Zow Hsd del WAY WSS A F JES 9o AL

fex]

[e)
% T
RAL F & T Ayt nrt FL %L 23 24 F AuAF /S3A

) 5 Aol 7] A4 AFAE A AN B e AR a5
mo WA e ofdw she] E7lEe M@ 5 F0AA oldz Ul
£% @tk o] W FEAEL A FHES Su, YA @ £ £ude 92 @
Aol A Bze] ARRA A LuA @ Lo FAJ PAY AAES @)

y 2
A4 A 289 A%e AT, & B 28 FAF T AnAS NSHG

B 17 A @A AYE A3 oA F3b R gkl v
ol e BT of W YAE oy} YBoE FRIEE Hum F= we e
2 wnch o) &) FEE Gk FWolek MBS @A SAAA Lol 7
5

gk owre] 244cm Eolxl 2& Fof vl ofAtel ek Al (x)E 7IF8HTh

2 o

tlo
N



2. ¥ AA

2 AFdAME s ES S48 HE dd e 54 F P (Good Balance
System, Metitur, Finland)E& AF&3FATtH®E 4). Zdd A FHE H-9, -
T AA SN oYy THA] olF £t wHe tid SAHU®ES MAE A
FHA A d Zras ol &5t 453

HAAL-AZAL S22 O A3 AFICO)E 0832 w2 AFE7E 4= ATH
(Sihvonen et al., 2004).

<a9 4> #3858 54 A1](Good Balance System)

a. 3% 8%

2 ATl A E AA 3 (static balance)s
1 #FAH(Normal Standing Eye Open, NSEO), =71 ¥z 2 x3hdA 4
Z} Al (Normal Standing Eye Close, NSEC), w1 9SS A& g2 2 x| 3} A
A A (Tandem Eye Open, TEO), =i 8% g2 X X3HA A =
Al (One Leg Right standing Eye Open, OLREO), =i 92z tlg]® A A a8}
WA A ZA(One Leg Left standing Eye Open, OLLEO) 57} & A A 0}
o, Z} AAdAM S FH7F A4 #d €S Hede AT, 5 48

JH

& wmn FuE AASEA

=



(Center of Pressure : COP)2] W-¢](Med-Lat) 4 2ol tjst W3} =549
-3 (Ant-Post) 2 2o st W3}, dHEFHY FZ2HYH £59 24U 94
3t A H(Era et al, 2006). o] 2 A 20%4 33 HkE
A d¥eEs vu FA5A .

e

= Z
h

O_A_,

o (Velocity moment)<
sk A H s do] %

)

[o

A Al A2 @ =)
1 el R A ASHHEA A ZA(NSEO) 20
2 wAFa R AASHEA A ZHAI(NSEC) 20
3 TR FHg dEd2 A AA(TEO) 20
4 il @ EH vel2 AAstHA A 24 (OLREO) 20
5 il 9 gz AAsHA A ZA(OLLEO) 20

ol g3kl 10mee] dels AASAT. e i WAE 98 EDTA &53A4 F
o

Bo ol 914 Helte] -70°C Y RIFHY

a. BDNF(Brain-derived neurotrophic factor)

3 BDNFeo #2422 Sunrise(Tecan, Austria/SpectraMax190, Molecular
devices, China)7]71& A}&3t 1, HAWWHL ELISA(Enzyme linked
immunosorbent assay)°e]™, A2 Human BDNF Immunoassay(R&D, U.S.A)
oltl, #AAIY g+ sandwich enzyme immunoassay 929 A =HH e HAAW
o]t} o]l BDNF monoclonal antibody”’} Z® ¥ microplated] X<+ 3 A
AE Yol BDNFe} 2¢A7 st FA= s Fol AAAAEE S3 94
el 548 A A3star BDNFe| 90|42l enzyme-linked polyclonal antibodyZ 7+
wellol]l 713kt v A% antibody-enzymeS #| 7138lal subtrate solutions 7}

W BDNF 2¢28e wag vehln 34 3A9e 9a §3=8 geh

o



b. IGF-1(Insulin-like Growth Factor-1)
g% IGF-19] 42 Immulite 2000 XPi (Siemens, U.S.A)717]| & A}-&3}4
, AAP & CLIA(Chemiluminescent Immunoassay)©] ™, Al 22 IGF-1(Siemens,
S.A)olth, HAAMY 8= solid-phase, £4-3% 4] chemiluminescent immunometric
Aol HARE anti-IGF-10] Z®E bead?t tid#te] @4 A 2 alkaline
phosphatase-conjugated antibody”} 37°col A 60%3F &4 & HkS-3h

w0 K

n

H W EAS centrifugal washE %3] #1713 F subtrateE
chemiliminescent substrate: alkaline phosphatase =2 3&}oll A 10& 7+ 2349t

<ol dojvtar wkE-o WA= Juminometerol A 585k AA wERE AL

c. Cortisol
dZ Cortisol?] #4248 ADVIA Centaur XP(Siemens, U.S.A)S AF&31% 3L, A
AR e CLIA(Chemiluminescent Immunoassay)ol® A ¢k HAAFADVIA

Centaur ™ Cortisol Lite Reagent & Solid Phase(Siemens, U.S.A)e]th, AR 2]
+ direct chemilumnescentE& o83 FAAAQ WAEAHo|ch tidA AA
9] Cortisol¥} solid phaseW] polyclonal rabbit anti-cortisol A ¢} ZA &% Lite
ReagentW] ©] acridinium ester’} ¥ A ¥ Cortisole] 37°colA] 5&#3F A4 dk$
o). v HES E 2 S reagent water® T3 A A3 T acid reagent E baes
reagentS £ F3W  Chemiluminescent %¥H$-o] dojytt}. 3fshdst Higo

photometero| A/ S o] HA FE=2 AitE o

E. &5 =219
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87t &% Te 1250 AANsEx, F 33, 19 FueEd FeUeES
T 40~60RL 0% ol wAME 1024 27 Stk 2 Bae I+
= 234 2AEES WHEE Y1 &% X Karvonen? H3E AEHg = [{(220
- }o]) - A Aukg) x FEAE(%) + HAHA Aurp] FA S o] 839
ARG, 87 &% TR YW Jge e
<E 5> 87t & 2RO
N17HF) A L RIE | A ZH(min) AR
TH&F ~EYA 5
Ch] (W= 8- S AR
w2 (7 7HARL)
2 2 ¥ (L FIHA) + 33
. %3 & (L2 AR .
=4 1 = 2% | Sgoagamegseil) | 28 30 20 30%
(27 24 &
G+ (T Ak
o) (A% shE g A 2 )
e 2~EHYA 5
Fes ZEAA 5
Ch] (W= 8- S AR
o2 (LA
TR S PAR D)
HHE 7] 20 (o} 2 Eaf-uh Al Egpab L) + 33
. 3§ (vhebatL) .
578 | EEE | SgeiagA@tedzopl) | 281 10 H0d0%e
QA (3} &7 dThAbL) 2ME
A(ohe 3-8 2 8- 2npap
9 (27
Bl (A -HhE g A2 bbb
&5 2EHYA 5
Fes e 5
RFE (o] 2o RS AT)
o (L7 e AL
A A (Refops A A BAR)
A G (dehof -tk Ak
T AHF A + 33
N . L AA 3 A AR .
kA (3} &G ThAbL) 2ME
oA (§-5v] 8- TLAL)
(Al
9 (27
Bl (A -HhE AL 2 b
e+ ~EYA 5




el g 9l = (Thera-band, Hygenic Corporation, U.S.A.)

A=} o
RLA

gHatol 40~ 60

B

g
N
0
o

N

B
BR

T
file)

7
N

N

o

=

T
e

B
o
"

el

]

Zlo

999

+% 7

2

of| Al
Al Aol) /ot Al Zol} x 1000 =

F71 Aol A tdAtE

S

O o
55 A=

=k

Borg(1998)
o] RPE 11~15 &&°o 2

S

= T2 uaf

]}

jand

my

=
=

-
T

1
S

g

°] RPE(Rating of Perceived Exertion)<

H)

of
il

=

™
e

ol

T
fie)

i
7K

M

oo

o

et 2

& g e

Z o] o

i)l

40cm 60cm

20cm

M
70

0.7 0.9 ol el o]

0.5

extra thin

1.1

1.0

0.7

thin

o

H

16 2.0

0.9

medium

Z1 A
-

0

!

19 2.3

1.1

heavy

=

HAr

o]'E—'j1 (kg)

3

A

3.4

2.8

14

extra heavy

4.1

3.4

1.8

special heavy

-
)A

Ho
o

44 5.9

2.8

super heavy

3r
o)

5.9 7.6

34

max

=

st




<E 7> SEWE e A R aeAEe] 3
g 3 Rt E A5 Azt T
20
19 extremely hard
RS 3 18
6 17 very hard
16
15
10 14
=< AFEy A=
17 % ] 12 13 somewhat hard
12
11 light
20 10
25 9 very light
=+ A3 8
7 extremely light
6
<E &> gyiE ¢F T2
NHF) | & A L Q= A] ZH(min) 7
TH 2 ~EY o
w2 9= —ankle dorsi = 9
1~4 & | flexion, ankle + 38 30
plantar—flexion, ankle 103 x3H E
eversion, ankle
Ag] &% | (inversion) o
EHEE | o5& 5 (leg press, >
knee extension, ankle = 33 .
5~8 | ® o= | (inversion) N 40 RPE -
153 x3H| E 11~15
. - (hip
¥ | extension, hip flexion) 5
LT |, 5
7485 -Chest press
o] 7] &% -shoulder + 33
9~12 | ¥ &5 | press, lateral raise _ 50
H20% ninch 203 x3A E
A es ~Ed 5




AFo A d& A H5 = SPSS PC+ for window (version 19.0) 4 =2
L3l =AY H] FAgM)I EFHA(SD)E A&t A9
gAst7] 9t o33 2ol A AHEE A AISHA

[kl

DAY AR EAS dolR 7] 9139 one-way ANOVAS 2 A]&$ ).
A A7l mE 5 AF AolE dolr 7] £t paired t-test

A 7 A7) W& &% AZE FolE: dolH 7] 3 repeated
DAY T F9 2ol 7 YERY A S0 = Tukey's testd AFEAA S A A

3 itk

P
T

Jo
lo
M

& 052 &t



IV. 94+4 3

A}
Jn
I
Mo
off

o] AtE w9l AL Ao Z 125 Foke) vi=wE, a7}
o] Al&dx} #3 =L BDNF, IGF-1, Cortisol®3}o] o] 3l &S n X=X
B7] 93 A3 2 Ay oey 2.

12
o
-

A= (A gkgkth Aol A 7))o} w3

HERE 5 ToAs %5 A 17.00£1.163] 4 5 F 1950i143§]i
= Ao=®m YEuth(p<00l). 871 &

5 A 1740+1.903 14 &% F 17.50£1.903 2 F7 8t A N &

S RE FoF Aol7t e Aow YEWt. @EHNls 2% TdAE &

T A 1670+1.9538] ol A &% F 17.80+1.403 2 F7lte] EAHOR F93

Aol 7F e AR YEYTHp<.001). S4A 74 & F g9 E SAHoR

e A YGEFEL(p<.001) Z1Ed ©WE F gidE 243

ol 2 yewon, FAAVI} 159 Fs5AE

o]k Aol7b = Ao E VEFSHH(p<.001).

Ak kol Aol 7 yEyEA Dolr ] 98t <E 10> o] AIFHF
A7 Jek el FAALE Fos Aot flE AoZ UEY

_lN—l

Fﬂl‘

B BAdow §

<E O A EH (AP A gkt dojAr]) Watel] tisk Ay el ¢ 3]
_ repeated ANOVA
g A} A (pre) A} & (post) t Jo)
effect F D
BG 17.00£1.16 19.50+1.43 -15.000 000" Time(A)  100.171 .000*
YG 17.40+1.90 17.50+1.90 429 678  Group(B) 1.073 356
EG 16.70+1.95 17.80+1.40 -4.714 0017 AxB 31.902 .000*

<001, ~ p<.001



<

=]

10> Ak 2+e] A% AZF(Tukey's test) 23}
4 @ b 8 EFzox p
BG-YG 80 723 D18

YG-EG .02 123 959
EG-BG 1.00 123 363

20
195
19
185
o 18
— 175
17 L
16.5 —_
16
155
15

——BG

--YG

At (pre) A= (post)

<2 5> sk (o Aol A ekgkt dojA 7)) Waste] i At

2. ZATH(EEE7])9 W3

=R &5 dolAdes &5 25901373 A &F F 2840+1.513]
2 F7tste] SAH R Fod zelvb = A2 YERRH(p<.001).



P Apol 7k e ALo®E UEN G (p<.001). SAH A 7o e F g3
Aoz FYstA YEtHZ(p<.00]) 5 wWE FEHE FAF
kol 7F e AR YR om(p<05), FAHAA7 S 1Fe FE
He FAASE Fog zelrt e A2 YERETH(p<.001).

Jet 7o) zbel 7k vebub=A ol 7] 98kl <3 12>3 o] AFEH
23 BG-YG F ellA wAIAeR fFoF Aot uERR AL (p<.05),
YG-EG, EG-BG 1w tollv SAASE Fo3 Aol7t gl 22 UE
%

rr

x 1o
o

f
Lo
o

o
T2
=

S

o
T °

} ‘go‘

ny
fol

01}4

<E 11> AATH(FWEY]) W3l g3t 23 w9l 3
_ repeated ANOVA
HAg  AH(pre) A}& (post) t D
effect F D
BG 25904137  28.40+151 -11.180 .000™ Time(A) 55543  .000™
YG 24904233  24.60+2.68 818 434 Group(B)  3.833 .034°
EG 24.70+1.89 26.10+2.23 -6.332 .000™ AxB 25.586 .000™

#p<.001, “p<.05, *p<.001

<GE 12> JAe o] AR HF(Tukey's test) 23
I 3 & ZF EFELA p
BG-YG 2.40 897 0327
YG-EG -.65 897 51
EG-BG -1.75 897 144

“p<.05



29
28

27 /
ol 26 y/

- -
" = ) :
24 :
23
22 —-
AT (pre) AFZ (post)

<29 6> AATHEREY]) Wstel Wg A3

HlEdE &% FoldE &% A 10110 £ 637304 &% 5 108.20+3.973
EAA SR Fog zol7t = AR YEN T (p<0l). 87 &
oM &% A 9910 £ 10.153] o4 & § 98.90+10.023] = F A5}
EARSE FoF X}Olﬂ Sl Bo® Yeyt, g8mE &% oA E &
5 A 10050 + 10513] 04 &% F 10040 + 10123 2 7HAslo] A Ho R
ofgk o]zt gl Ho= L}ﬂ o SAZA7 wmE F o Ede FAFCR
FA GEFE L (p<.001) 1Fel e F ZdE TAF
Uetgow, ZAGA7 15 458 a9
Ae Ao E YEFR T (p<.001).
2ol 7 vpERub =R olR 7] flste] <E 14>¢F o] AR TS
v SAHSRE frefg Aol7t gl AoZ e

L 2 Ho
o ff Lo
e o

2L
2 o
2 3 ju

iin)
&
N
EV)
o



<3E 13> HAAFEH @R AR A7) WSkl digk Az w9l g
_ repeated ANOVA
Ag  AlH(pre) A& (post) t D
effect F D
BG 101.10+6.37 108.20£3.97 -4.395 0027 Time(A) 16.294 000"
YG 99.10+10.15 98.90+10.02 .688 509 Group(B) 1.127 339
EG 100.50+£10.51 100.40£10.12 .264 798 AxB 18.525 000"
Fp<.01, “p<.001
<E 14> Jd ko] ALF HF(Tukey's test) A3}
o T EFoA D
BG-YG 5.65 3.909 333
YG-EG -5.65 3.909 927
EG-BG -4.20 3.909 538
110
108 /
106 /
— 104
ol / ——BG
— 102
oF
o y A e
100 = : EG
iE- —] '
98
96
94
At pre) A= (post)

<™ 7> AAATFHEE AR Z27]) dstel tigh A



AR A4 (AR o} Foz Fa7)e

HEWE &5 FdAE &5 A 620 + 204cmolA & F 6.45
2 F7lstAA R EAASEE F9% 740]7} Sl Aoz yewd. a7 &
T oA E F A 630 £ 235cmel A +F F 6.85 £ 224cmE F7tetY] F
Aoz F93 zol7t v Aoz YT (p<.0l). @#FHs &5 o
5 A 705 + 28cmolA F T 7.25+2.72cmZ F 7SI AN A A o
25 7Y% Zol7t fle AR yuwu. S nE 74 &E do F
WS

BEHe EAACE FOeA UEW L (p<001l) Zwel wE F a3 FAA

o folg Aot gl Aoz vuom, Z4AY 9 1% 454§ &
B BAROR fo% Ael7t g Ao Ve
Ak ghol o7k thEhbi=A Sobmr] $1stel < 169 2ol AFAF 2

3AY gele BEAMCE 9% Aot i Ao ey

<3 15> A FAAd (Aol ghol ko m w3E]7]) Wl gt Ay @9 em

repeated ANOVA

Agd  Ald(pre) A (post) t D ffoct P .
BG  6.20+2.04 6.45+2.29 -1.861 096 Time(A) 16514 000"
YG  6.3042.35 6.85+2.24 -3.973 0037 Group(B) 305 739
EG  7.05+2.85 7.2542.72 -1.309 223 AxB 1.775 189
#p<.01, "p<.001
<3 16> FJek ko] AFS A F(Tukey's test) 2
@ ¥ & Z EFA p
BG-YG -25 1.083 971
YG-EG -58 1.083 857
EG-BG 83 1.083 729




7.4
7.2

6.8
s 6.6 / ——BG
9 64 il —-—YG
ud '.:‘/’—

6.2 ——EG

5.8
56

IS {pre )\}:?‘_u:_’postj

<" 8> spAFAG (S Aol 2o} ko m w3 7]) WSt gk A

XN

FAA (T AAA £ dsg

5. %

WEYEH &5 FoAE &5 A 265 £ 1.77cmol A &5 & 290 + 1.86cm=
St AA R BAHORE Fo% i}om Sl Zo® yewt &7 &% &
AME %5 A 300 + 1.83cmolA %5 F 332 + 1.9cm= F7Fste] B A4
oZ Ho3 o7} Y= Ao L}E}Mﬁ‘r(p<.o5). gHme &5 TdAE &
% A 250 + 1.33cmoll A &% % 240 + 1.3lcm=E #HAste] EAH R Ho
& zol7b fle Ao Ueyth FHA 7
A YERS L (p<.05) Eel wE F gdE SA™oR §fo3 zolrt gle
Aoz yetwow, A9 259 H4E5AE Bde $AACE FoF X
o7} & Aoz e TH(p<.05).

Heb Zhell AFol7b Uetub=A] dolr 7] §l8te] <E 18> o] AT HT A
I FJd el FAASRE ok Aolvt gl Ao FE e

4

o
=
i
N
ol
i
rlr
offt
X
g
|o
fru
Jo



<E > FAFAAR S FAdA E=3F7]) Aste] gig 2y} @9 ¢ cm

repeated ANOVA

Ag  AA(pre)  A}F(post) t D
effect F D
BG 2.65+1.77 2.90£1.86 -1.861 .096 Time(A) 5.615 025"
YG 3.00+£1.83 3.32+1.99 -2.466 036 Group(B) 442 647
EG 2.50+1.33 2.40+1.31 1.500 168 AxB 3.861 .034"
"p<.05, p<.05
<3 18> He 7He] A S5 (Tukey's test) 23}
I T EFoA D
BG-YG -.38 756 867
YG-EG 71 756 621
EG-BG -.33 756 903
3.5 /
3 g :
*r—
g o ——BG
oF -
o 15 YG
= EG
1
0.5
0
A (pre) A= (post)

<aH 9> AAFAL (T FHAA &7 Wstel tig At
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a
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uit)
Mo
off
=N
o
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s
Mo
off
2
~
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—_
N
B
=2
R
Mo
off
o

Me 2% A 747 £ 149%04 &5 F 749 + 144x 5 F7Fsto] &
oz fod Ao/t gl Ao ued dEWE ¥ PAME &%
A 730 £ 1.34xNA &5 F 712+x1.26%=2 #TAaste] SAHo=E Fost x
o7k e Aoz UERt(p<Ol. A/ e F ade AH0w &
oatA JEREZ(p<00) 2Ol mE F EvE Aoz §% Aol
g Aom vewow 44/ 1% 548 mr: BASOR &

of gk Aol7k Sl Aoz YERETH(p<.001).
At ghol Aol 7F yeu=A dolr 7] 9jsto] <FE 20>3 o] AFHT

A3 g9 polE BAROE fFo@ Ao} gl AoE e

<E 19> UAHA 3 SAEFEALCMem SE27]) WHstel] tigk At el
_ repeated ANOVA
A9 AlA(pre)  AFZF(post) t Jo)
effect F D
BG 7.40+1.14 7.06+1.11 10.002 000" Time(A) 36526 000"
YG 7.47+1.49 7.49+1.44 -0.318 758 Group(B) 134 876
EG 7.30+1.34 7.12+1.26 4323 002" AxB 14.260  .000*

Hp< 01, ®p<. ™ p<.001

<3 20> He o] AR HF(Tukey's test) 2}

A iRy gEFez p
BG-YG -.250 0821 904
YG-EG 270 0821 .889
EG-BG -.020 0821 .999




7.6

7.5 —

.. ey

b, ——BG
—_ 7.2

# N -
ud 71 \
Ne +—EG

¥

6.9

6.8
AR (pre) AI':,C"__I._'pOSt:I

<aE 10> UHA 2 FA49EA244em F527]) #stel digk Az

B. 34 #¥s4¢ W3

1 =31 $22 AAEA A AANSEO A B4 P52 s

a. 48 T4 W-99(Med-Lat) 24 3 52 £x= A3}
5 TAAAME 2% A 6.76 + 0427m/sel A % F 612 + 0.25m/s
2 faste AR Fog Aot e AR YERHTH(p<001). 87 &%
TN E &F5 A 646 = 0.57m/sl A 5 F 647 £ 057m/s2 F7HE] S
oz feost x}ol 7b Sl Aeg Yeigh, gEis F FoME &F A
6.85 + 0.56mn/sollA &% F 670 £ 060m/s= #HAste] EAHOR F23% xto]
7b dE RAow e T:‘r(p<o ). SAA7I g F ade FAHoR {3

A I (p<00D) 1EOl WE F ade BAHCE fold Aolst gl Ao
2 uehgom, 2% 189 4EAE Evke EANCE RFol@ Folst 9
= Ao e h(p<.001).

Ak 7o o7 VERGEZR] etelrny] 98] < 22>3 o] AlEAZE A



Ak el EAF R o3 2o)7t gl Ao & eyt

< 21> NSEO9| W-9] A= 3t &= W3l 2y o9 /s
_ repeated ANOVA
A9 AA(pre) A& (post) t Jo)
effect F D
BG 6.76+0.42 6.12+0.25 8.388 000" Time(A)  57.157 000"
YG 6.46+0.57 6.47+0.57 -0.165 872 Group(B) 1378 269
EG 6.85+0.56 6.70+0.60 4.39 0027 AxB 32327 .0007™"

Fp<.01, "p<.001, **p<.001

<E 22> Ho 719 AT A Z(Tukey's test) 23

3 <@ 3 &z EFez p
BG-YG -.025 2249 993
YG-EG -.310 2249 .366
EG-BG .335 2249 S11
7
6.8

6.6 \
=

< |
E 6.4 \\ ——BG
oF 62 e ~=YG
o —EG
6
53
56

AFE (pre) Ar=(post)



b. ¥48 419 A-F(Ant-Post) =29 U3 T £5 W3}
2 FAAE $5 A 784 + 086m/sol A £E F 701 + 0.74m
sto] BAA R Fog Holrt de AR UsRtH(p<ol). 27t
= 7.73+0.51m/sol A &% $ 7.65+0.52mm/sZ 73t Al
S RE FoF Aolrt gle AR yEyy. gEds 5 atol A
s A 786 £ 0.6lmm/sNA &5 F 7.70 £ 0.59mm/so. =2 FFAste] FA A
o8 fogk Aol7b = AR UEHWH(p<.001). SABA 7] ©E F &
= BAACE FotA YESL(p<.001) ZF WE F g9E SAHo=R
o Aol7k Y= AR dewew, SAHAAIS 1F9 A5 AE e
FAASE F Aol7t A= Ao Z YEFSTHp<.001).
etk kel Zpol7h yEvb=A] dofr v ko] <E 24> o] AR S A
I Je el FAIALE Fogh Aol b gl AL R e

<¥ 23> NSEO9| A-% A= 3t &= W3l 2y} o9 1 omm/s
_ repeated ANOVA
HAdE  AA(pre) A}& (post) t D
effect F D
BG 7.84+0.86 7.01+0.74 3.797 .004™ Time(A)  20.770 000"
YG 7.73+051 7.65+0.52 1.149 280 Group(B) 906 416
EG 7.86+0.61 7.70+0.59 3.207 0017 AxB 9.232 0017

Fp<.01, "p<.001, **p<.001

<3 24> Fe ko] A 5 (Tukey's test) 23}
S ¥ & Z EFA p
BG-YG -.265 2742 604
YG-EG -.090 2742 942
EG-BG .355 2742 410




7.8 K
76 ki =

74 \
\ ——BG

= g

F o \ —-—YG

mm/s

(2 EG
6.8
6.6
6.4
AFHE (pre) AI':,C"__[_IPOSt:I
<19 12> NSEO2] A-% A=z tgt &= W3t A3

c. 48 T4 24Y J9(Velocity moment) ZA2el| i 58 £& B3}
& 7 1595 £ 1.64mf/solA & $ 12.83 + 1.52mr
[sE Fadte] FAHoE Fo3 Aolrt e Ao YEuH(p<001). &7t
= 18.38 + 2.87m/sZ Eol1}

201823 + 401mt/sol A % F 1749 + 357mr/s®E FrAadte] EAHoR fFeo
g 2pol7b 9l Ao E VERtHp<.05). 3
frolstAl GERE aL(p<001) 1EO] wWE FaENE A

Aow Yrsom(pol), A% afel 45AE Edw =Y A

o7 Hog o7t gl Aoz ERTHP.00D).

rr

Agt 7ro] Aol7b YERGER Udolr ] 9lEte] <FE 26> o] AIEHES
e Ay BGYG 1§ ol BAAHeR fog Aeolrb dERREIL(p<.05),

59

G-BG 1% ztell Aoz Fog o]k vt th(p<.05). YG-EG 1% 3F
| = EAHoZ $93F 2ot gl Aoz et}

2

rr



<3 25> NSEO°| #49 99 A= dist &= ®isgt 23 e /s
_ repeated ANOVA
HAd  AA(pre) A& (post) t D
effect F D
BG  15.95+1.64 12.83+1.52 7514 .000™ Time(A) 45481 .000*
YG 18244263  18.38+2.87 -0.670 519 Group(B) 5819 008"
EG  18.23+4.01 17.49+357 2.491 034" AxB 28.045  .000™"
"p<.05, #p<.001, “p<.01, **p<.001
<E 26> He 7He] A S5 (Tukey's test) 23}
I ¥ T 2 EF23 D
BG-YG -3.920 1.2576 012"
YG-EG 450 1.2576 932
EG-BG 3.470 1.2576 027
“p<.05
20
re —il
15 \
:“.2‘ \
= ——BG
- 10
o —-—YG
i
EG
5
0
AT (pre) At=({post)

<Z1¥ 13> NSEO?| #4949 99 4=zl hg £ ws}t 2yt



N
Hr

23 oz AxsAM A AANSECONN 33 #R5E wa

a. ¢48 SAHY Y- (Med-Lat) =24 g 52 &= W3}

MEYE &5 ToAe 5 A 868 + 1.05mn/soll A +& F 7.94 + 0.93mn/s=
daste] SAASR Fog Aolrt e AR YUBHH(p<05). 87 &F o
NM= F A 856 £ 1.32m/sol A & F 835 + 1.24mn/s=E FHAste] & A A
OS2 Fo% Aol7t A= AoE UBHWUH(p<05). #HWlE 5 doME F
A 856 £ 1.23mn/soll A =5 ¥ 837 £ 1.09mn/sZ HASRAT FAFOZE f
olgk zol 7k Y= Ao® Ueut AV ©WE F a2 AR 79
A YERG I (p<.001) ZFo wE F adE SAHCRE §o3% Zol7 gl
Aoz yewton, SAAZ|9 259 F5AE 9= SAHSE fFog Ao

e Ao vey
A kel Aol7h VEhtEA dolry] $lste] <m 28>3 o] AFHZE 4
3 A el BAMoR folF Fol7t 9 Ao et

<¥ 27> NSEC9| -9 A2 g &= w3l A 99l omm/s
_ repeated ANOVA
Ag  AA(pre)  A}F(post) ¢ D
effect F D
BG 8.68+1.05 7.94+0.93 3.210 011* Time(A) 13.693 001"
YG 8.56%1.32 8.35%£1.24 2.400 040" Group(B) .060 941
EG 8.56+1.23 8.37+1.09 1.029 .330 AxB 3.076 .063
"p<.05, " p<.001
<3 28> He 7he] A S5 (Tukey's test) 23}
I ¥ o 2 T2t p
BG-YG -.145 4988 .955
YG-EG -.010 4988 1.000
EG-BG 155 4988 948
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ud ~EG
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74
At (pre) AtZ(post)
<19 14> NSECe] ul-¢] Z=d st &= s} 2y}
b. 48 F49 A-F(Ant-Post) A= g 5L &= A3}
e 5 FoAAE &5 A 1654 £ 3.29mn/sNA 5 & 1537 + 3.43mn
/s2 Faste] FAHCR {3 Aolr7t e Ao=Z YUt (p<.0l). &7t
5 FoAMHE &% A 1714 £ 275m/slAH %5 % 1681 £ 242mn/sE A3
AT FAHCEE o3 Aol7l §lv A= YEyt ggdisE 5 a9
e 5 A 1865 + 3.96mn/sol A & F 1812 + 4.19mn/s%E 74 3sle] A4
o2 fFost Hol7t = Aoz YEIGTHp<05). SA4A7]Y mE F e
BAROE FoA YENLZ(p<.001l) ZF WmE F 2= FAZYLE 79
sk zbol 7 glv ALE Yewon SAHAVIS} 279 s aoe A4
o2 F93t o7t A= Aoz YEFSHH(p<.05).
At o] zpo]7F YE=R] ol 7] 9t <3 30> o] AASAHST A

3 Ge el FAHOR §o@ Aol gl Ao vhehy



<X 29> NSECE A-%F A= Hat &= W3} A3 @9l mm/s

repeated ANOVA

Ag  AtH(pre) A (post) t
b F4(pre pos b effect F p
BG 16.54+3.29 15.37+£3.43 4213 002% Time(A) 25122 000"
YG 17.14£2.75 16.81+£2.42 1.641 135 Group(B) 1.305 288
EG 18.65£3.96 18.12+4.19 2.459 036" AxB 3.521 044"
p<.05, ¥p<.01, p<.05, " p<.001
<3 30> Ao re] AR HF(Tukey's test) 2
I o a4 2 EF23 p
BG-YG -1.020 1.5105 780
YG-EG -1.410 1.5105 624
EG-BG 2.430 1.5105 259
20
b -0
15 s 4
<
g ——BG
.. 10
2__|_ ==Y
IJJ —EG
5
0
AE(pre) AtZ{post)
<Z1¥ 15> NSECY| -3 Z=2o| gt = Wsl A



c. 48 FA9 239 JY(Velocity moment) A= 3 T2 &&= W3}
&

A 2417 £ 412mf/sel A &5 F 2244 £ 2.46mf

[s& Fraste] BAH R Fog Zolvt e AR e tH(p<.05). 87} &
T wolAE % A 2648 £ 3.73mr/soll A +E F 2581 + 3.62mr/sE FFASh
EAACE Fo% Aol7F = Ao®m UBHH(p<00l). HHWME 5 atol A
= e A 1865 + 396mr/sol A &F F 1812 £ 4.19mf/sE FHASHRAAIRE FA
Hom= o3 Aol7F fle Ao yUewt. A7 wE F 234 §
Aoz FoatA Hea(p<001) 2Fd e F axe SA4es o3
Aol7F e Ao yEwtow, SAHAZ|e Fe 4esE e SAKCR

Fol@ o]t gl Aoz vpehyi,
Aw ghol Aolzh EbEA elms] gldkel <E 32> go] AFAZ

<3 31> NSEC®] %< 99 A=2el tid &= s At w9t mi/s
48 Adpre)  AEost) p repeated ANOVA
effect F D
BG  2417+412 2244246 2.687 025° Time(A) 17605 000"
YG 26484373 25814362 6.552 0007 Group(B) 1948 162
EG  2514+260  24.47+2.84 2.016 075 AxB 2.099 142
p<.05, Tp<.001, "p<.001
<3 32> He 7He] A S5 (Tukey's test) 23
@ ¥ & Z EFA p
BG-YG -2.840 1.440 059
YG-EG 1.340 1.440 360
EG-BG 1.500 1.440 307
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25 ——————————&— :
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A (pre) AtZ(post)
<71¥ 16> NSECe| #2449 99 A= dg &% Wl 43

3. TEN LS dEE AR SEA A AA(TRO)NM A4 d¥eH e wal

Med-Lat) 29 dg 58 &% W¥3

s A 20.07 £ 2.02m/s1 A &F F 18.03 £ 0.98

m/sE adte] EAFORZ Foldk xol7t = Aoz JENYTHp<01). &

6 + 2.65mn/solA & ¥ 2087 + 1.77mn/s=

HaeAAR FAASEE {Fo% Aol7t e AR UEHRT. sEu=

+E T A 2243 £ 277Tm/soN A &5 F 21.92 £ 281mn/s=E A&

FY3 2ol7t e Ao ®E YEutHp<.05). A A 7o u}

Aoz FostAl YeEFS L (p<.001) ZF wE FEIH=

EAH R Fod Aol7l Y AR JEYOH(p<.05), SAHAA 7 1F 9
FEA g AaE SAANCE fFog Aot e AR YERTH(p<.05).

Heb groll Aol 7b yepbE=A] dolR 7] 9ste] <3 34>3 o] AFHF

o
ins
iy

offt O"N
1l

o
£
19,

o
e A3 EG-BG 1w oA FAACR Fo% Aol7F yEHAL(p<.0D),
BG-YG, YG-EG 1 F Ztell& FAAHSZEZ Fod Aol7t glv Aoz
B}k T}



<3 33> TEO2 Ul-¢] A=z ujgt &= ¥} 2y} w9t omm/s
_ repeated ANOVA
Ag  AA(pre) A} (post) ¢ D
effect F D
BG 20.07+2.02 18.03+0.98 3.869 004 Time(A) 21.147 .000™
YG 21.46+2.65 20.87+£1.77 1.586 147 Group(B) 5.359 011"
EG 22.43+2.77 21.92+2.81 2.284 048 AxB 4772 017"
p<.05, ¥p<.01, p<.05, “p<.001
<E 34> He 7He] AFE S5 (Tukey's test) 23}
I T EFoA p
BG-YG -2.115 9743 .095
YG-EG -1.010 9743 561
EG-BG 3.125 9743 .009™
“p<.01
25
u = ‘-
S
E 15 e B G
°F 10 L
o —FEG
5
0
A (pre) At=(post)

<19

17> TEO2] W-9] =l oj



(Ant-Post) A =Z9l] U3t 58 £% W3}

TolME &5 A 1637 + 2.08m/solA =& F 1141 + 146
m/s= FAaste] FAHCRE Fo% AolrF = ASE UEHH(p<001). &
7F &% TolAME % A 1637 + 241m/sol A 5 F 1550 + 2.63mn/s=
OS2 Fo3 Aol7F U= Aoem UEHBTHpOl). §HiE #

o
ins
iy
offt O"N
1l
Lo
r_>¢
S

oft o

2
F A 1674 £ 2.14m/sol A =& F 16.03 + 2.23mn/s=E H A3
EAAOR §93% Aol7l o= Ao et (p<ol). SAZA 7Y wE F
2

avbE BAHoR %40}711 ERta(p<.001) 2Fel @E FEAE FAHC
2 fel@ Aolzk A Ao Geon(p<05), AN 15 F5 48
3% BAMoR feld o7t i Aoz vhekskth(p<.00D.

FARoR o= Ww o] Aolsk vehbzA Lolurl ske] <E 36>}

ol AAFHFTS HE A EG-BG 1w FelA FAASE fogk xolrt v
Byt aL(p<.05), BG-YG, YG-EG L& zrell= SAIAS® #Fo3 Aol7t gle
=

<% 35> TEO9 A-% A= 3t &= W3l 23} w9 mm/s
_ repeated ANOVA
A9 AlA(pre) A}& (post) t Jo)
effect F D
BG 16.37+2.08 11.41+1.46 10.287 000" Time(A) 135860  .000"
YG  16.37+241 15.50+2.63 3.943 003" Group(B)  3.899 .033°
EG  16.74+2.14  16.03+2.23 3.870 .004% AxB 55295  .0007

#p<01, ®p<.001, p<.05, **p<.001

<3 36> He 7He] A S (Tukey's test) 23}

3 <@ 3 & 2 =3 p

BG-YG -2.045 9524 099

YG-EG -.450 9524 885

EG-BG 2.495 9524 037
p<.05
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A (pre) Ar=(post)
<9 18> TEOS] #-% A=z oig &= w3t 43

c. 48 F49 239 JY(Velocity moment) ZA 20 H3 T2 £% W3}

MEYE &5 ToAe 5 A 7166 + 5.32m/soll A & F 65.07 + 4.
o]k ko7t Q= Ao =E YEhH(p<001l). &7}

+ 531mf/sol Al & F 70.87 £ 6.03mi/sZ A 3FI A wt

EAMORE fo@ Ao/t gl AR Hehgth HHWE 25 FAHE 3

S|
W~
=
=,
>~~~
147]

1
[N
ol
o
2
offt
)
4 2
?3 o
S
Ho
1o

A 7323 £ 450m/so A =5 & 7040 £ 5.23mn/s
7

e ol Aolzk hehbeA Fobny] 9istel <E 38>3 2ol AFPZF Axn
A 7ol FAHOR fol@ Aol g Ao ey



<& 37> TEO®| wAql 9 Z=el et &= wish A e om/s
_ repeated ANOVA
Agd  AA(pre) A& (post) t Jo)
effect F D
BG  71.66+532  65.07+4.74 4665 001 Time(A) 41,789  .000™
YG  7205%531  70.87+6.03 2.099 065 Group(B)  1.446 253
EG  7323+450  70.40+5.23 4.606 0017 AxB 8578 0017
p<.001, **p<.001
<3E 3> HAe ke AR HF(Tukey's test) 2
I S e T D
BG-YG -3.095 2.2319 .362
YG-EG -.355 2.2319 .986
EG-BG 3.450 2.2319 .286
74
72

70
& \
T 68 \ ——8G
oF 66 =il
|
e —a—FC

64

62

60

A (pre) AFZ(post)

<" 19> TEO®| =24} 99 4=l td &&= st 23t



4. £EL 2 2% 2 AXFHA A AH(OLREO)IA B4 #3859

do
(e
toty

a. 48 49 H-9(Med-Lat) B2 i T2 &= 3
F woAE £% A 3597 + 228m/selM S5 F 3220 + 242
m/s%2 fFaste]l FAA R FoF Aolrb = AR YEEH(p<001). £
37.20 + 1.98m/sel A &% F 3648 + 2.70m/s% 3
AMez= Fo3 Aol7F Yl Aoz YEyy, d8His &

=
| M= &5 3530 + 1.98mm/sl A & ¥ 3377 £ 2.92m/s= FFA3H
_I(_Dr
S

O

~
Mo
off
=N
=
o
rr
Mo
off
r>~l

X
olN
v
=

Ak gkl Aol7h LhEbEA olny] $lste] <E 40>3} o] ALF3

BG-YG 1% ztdA EAHoZ Fost o]z YERG(p<.05), YG-EG,
EG-BG 14 ztoll= SAIASR fog Aol7t gl AR YER

<3 39> OLREO<C] W-9] A= tigt &%= W3l Ay w9 mn/s
_ repeated ANOVA
Agd A A (pre) A}& (post) t D
effect F D
BG  3597+2.28 32.20+2.42 7.371 .000™ Time(A)  41.371 000"
YG  37.20+1.98  36.48+2.70 1.364 206 Group(B)  4.310 024°
EG 35304198  33.77+2.92 2.640 027" AxB 8548 0017

"p<.05, #p< 001, *p<.05, “p<.001

<3 40> He 7He] A S (Tukey's test) 43}

A @ By = EFA} p

BG-YG -2.755 1.0068 028

YG-EG 2.305 1.0068 075

EG-BG 450 1.0068 .896
p<.05



38
37 [

36 \
34 ~— BG
oF 33 \ i —-—YG
b 25 W ——EG

31
20
29

L 3

D mm/s

I

AFH (pre) Afé_u:fpostfjl

<29 20> OLREOY W-¢ A=Zd d3t &= W3t 43

A (Ant-Post) AZ°] A3 58 && W
Tl e % A 2342 £ 257m/sol A 5 F 1873 = 2.04
qoz Fogt o7t d= Aoz YERtH(p<.001). &
b2 FoldE &% A 2226 £ 1.84m/solH &% F 2119 + 2.35m/s=E
ste] AR Fodt Aolrt dE AR YESTH(p<.05). BEWME
T oM E &% A 2444 £ 209m/sol A & F 2401 + 3.30mm/sE A

o

o

)

offt O“N
>

Lo,

N

o

93 2ozt gl AR yewd. A7 o
e F 29 AR fFY8A vEW L (p<00l) Zaed wE FEAE
EAA R fo3 zol7t QdE Ao R JENG O (p<.05), ZAA 7]} 1E 9

28 2% TAASRE FoF AAo)vt e AR YERRTH(p<.001).

A 7o ol 7b YEREZR Golr 7] 9lste] <X 42>F o] AT AE
A3 YG-EG 2§ toll EAF oz §93% zo]7 vewi(p<.05), EG-BG
aF ol BAHoRE feolg Aol YEFGTH(p<.05). BG-YG IF el
AR Feg Aok YEFUA kTt



<¥ 41> OLREO9] A-% A= 3t &%= W3l Ay o9 - mn/s
_ repeated ANOVA
A AL A (pre) A& (post) t Jo)
effect F D
BG  23.42+257 18.73+2.04 6.216 .000™ Time(A) 40989  .000™
YG  2226%1.84  21.19+2.35 3.175 011 Group(B)  5.491 010"
EG 24444209  24.01+3.30 0.857 414 AxB 16935  .000™

"p<.05, #p<.001, *p<.05, “*p<.001

<E 42> Hek 719 AF A Z(Tukey's test) 23
3 @ o a4 2 EF23 p
BG-YG -.650 1.0037 795
YG-EG -2.500 1.0037 049"
EG-BG 3.150 1.0037 011"
“p<.05
30
E ——BG
— 15
g e (€]
ud 10 d—EG
5
0
A (pre) At=(post)
<71¥l 21> OLREOS] #-F Z=o| gk &% sl A



HETE 9% FoAE &% A 16807 + 2.83m/sol4 % F 154.38 + 19.31n
[sE FAadte]l EAHoR F2o3 Aolrt e Aoz ERGTHp<001). 271 &
& oA 5 7 18069 £ 19.84mi/sol A 5 F 18320+18.63m/sE A SA|
T AR E o i}olﬂ e o2 Yeiyt gENE &% oA s
&5 A 17924 + 2488mi/sol A % F 17765 + 2472mi/s® AR A w EA 2
SR8 o o7t gle Aom vyt ANV BE F Z2de SAA
O & fFolstA YEFEIL(p<00l) TLEe] WmE FEIAE FAHSE fogk 2polvt
Ae AoZ e o (p<05), SHAIZIS 150 Hes adE FAHOR

frolgh Apol7b = Ao ® e TH(p<.001).

Ak 2rell Zpol7b velb=A] ot 7] flste] <3 44>9F o] AMSHET A
BG-YG 1% 7HdA EAHoZ Fost o]z UERGI(p<.05), YG-EG,
EG-BG 1w ztele AR Fog zol7t gl Ao® Uey

<3 43> OLREO®] w#¢ 99 A= g &£x= st 23 o9 mi/s
qe  AAGre  AXpost) ¢ p repeated ANOVA
effect F D
BG 168072283  154.38£19.31 6.581 000" Time(A) 31053  .000™
YG  18969+1984  18320+18.63 1.440 184 Group(B)  4.168 026"
EG 179242488 177652472 0.831 427 AxB 16301 000"
#p<.001, p<.05, " p<.001
<E 4> Je ko] A S5 (Tukey's test) 23
A @ % ¢ 2} EFA p
BG-YG =21.720 9.6941 0217
YG-EG 10.500 9.9641 H32
EG-BG 17.220 9.6941 197

“p<.05
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= ——BG
-- 100
oF —|—-YG
|
EG
50
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M (pre) At=(post)

<y 22> OLREOS =3¢ 99 AR U3t &= W3l A3

a. 48 T4 W-99(Med-Lat) 24 3 52 £x= A3}
HEYEH &% FodAE &% A 3088 + 2.08m/sol A 5 T 2616 + 1.56

g

D
42}

h
Y
B>
ol
2
of
)

|4 oz Fogk Aol7b A= Aoz YEHH(p<.001). &
7b &% oAM= &5 3156 + 3.50mm/sol Al % 31.22+3.40mn/s2 2
A EAHoTE o3 2olr} U= Aow YEyrh gEums o=
TolE & A 3018 £ 4.06mn/sollA &5 F 2922 £ 463m/s= H AT A
T SAAeR fogg Aolvt gleE AoR YEWT FAA Ve nE F gy
2 frostA UEba(p<.00l) 1F wE F EiE EAHoR
Frelgh Aozt fle Aow yeutew, FAAVIS 59 AeAs aas
sAHeR FoF Aolrt = AR YEt(p<.001).
Heb gholl Aol 7b Yetu=A] dolr 7] flete] <3 46> Zo] AAFHT A
I FJ o= TAH R Fod Aol = Aow UEWH.

° =
O

rl

of
X
)
o



<3} 45> OLLEO<9] W-¢] A= tgt &=

3l Ax o9 omn/s

Ag  A#A(pre) A (post) t

repeated ANOVA

effect F D

BG 30.88+2.08 26.16+1.56 7.249

000" Time(A) 45781 .000*

YG 31.56+3.50 31.22+3.40 0.880

402 Group(B) 1.936 164

EG 30.18+4.06 29.22+4.63 2.054

070 AxB 21.290 .000™

#p<.001, **p<.001

<E 46> Het 719 AT A Z(Tukey's test) 23
I o T Tt D
BG-YG -2.870 1.4660 142
YG-EG 1.690 1.4660 491
EG-BG 1.180 1.4660 .703
35
30
25
9
E 20 ——BG
= 15 -G
w ~EG
10
5
0

A (pre)

At=(post)

<29 23> OLLEOY W-2] A=z dg &= Ws A3



b. 48 T49 A-F(Ant-Post) FZ2d g 52 &= W3}

5 7oA E % AW 2310 + 0.84m/sol A &5 F 20.35 £ 2.07
m/sE 7HAadle] EAHoR Fo8 ol7t g Aoz e (p<.001). &
7t 5 FoAAE 5 A 2368 £ 1.21mn/sol A 5 F 2358 + 1.55mm/s=E 7+
ﬁlxﬂ,giw‘:— T Zol7t Qe Ao JEHYY gEmE 2%

56 + 0.73mn/sol A %5 % 2286 + 1.96mn/s2 #HAFAA
T BAHoRE §9% Aot gl Ao etk FAA ] g
H= FAFSE FYeA YES L (p<00]) ZF mE F a23d%E FAF
2 fFog zol7t dE Aoz YERGom (p<0l), FAHAVI 15 s
ENE FAHCRE fFog o7t e Ao YERETHp<.001).

Ak Zro| zFol7F YElY=A] dolr 7] $5te] <E 48> Zo] AIFHFTS
i A3 BG-YG 1w bl BAASE fogk xko]lrt yERRAL(p<.0l),
EG-BG 18 7t EAHoZ §9o38 zto]7t JeEFYth(p<.05) YG-EG 1%
ellE FAHRE Fost o7t vEbA gk oktt.

Y
\)
w
o

<3 47> OLLEO®] #-% A= 3 &= wst A3 9] 1 mn/s
qe  Adpre  AFpos) ¢ » repeated ANOVA
effect F D
BG 2310084  20.35+2.07 4593 0017 Time(A) 19567  .000™"
YG  2368t121  2358+1.55 0.303 769 Group(B) 5994 007"
EG 2356073  22.86+1.96 1.665 130 AxB 8994  .001"
#p<.001, “p<.01, “p<.001
<E 48> Huet 7119 ALF A F(Tukey's test) 23
3 @ 3 = T} p
BG-YG -1.905 5781 .008™
YG-EG 420 5781 750
EG-BG 1.485 5781 041"

"p<.05, “p<.01



24

* ‘\ .
22

\ ——BG
= 21
oF \ —-—YG

3
0

mm/s

I

= 50 «—EG
19
18
At (pre) At=(post)
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14475 + 9.70mf/sol A & = 12721 +

1253mi/s2  FHAaste]l FAA SR ol Aol Ade AR UEwEH

(p<.001). &7} & ToAAE 5 A 14644 + 8.89mri/sel A &

+ 8.87mi/s2 AT AAR FAHOZE Fo3 Aot gle Ao
= %

T E FF A 14443 + 10.22mf/se A &F F 14333 £

,_.
N
o
S
=4
~J
w
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ol
ol
e
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l-l\j
off
)

2
o

2

s
Jo
Lo
o
N
©

N
N
e

Ir
po

o

o
=
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<X 49> OLLEO?] w3 99 A=l Ust &= Wl 43 el mr/s
_ repeated ANOVA
A AL A (pre) A& (post) t Jo)
effect F D
BG  14475+9.70  127.21+1253 6.595 000" Time(A) 36421 .000*
YG  146.44+889  145.36+8.87 1.558 154 Group(B)  2.703 085
EG 144431022  143.33+12.26 0.622 549 AxB 25344 000"

#p<.001, **p<.001

<3 50> He 7He] A S5 (Tukey's test) 23}
&) g T 2 EFox p
BG-YG -9.920 45097 089
YG-EG 2.020 45097 896
EG-BG 7.900 4.5097 205
150
145 !_ ———=
140 \
@ \
g 135 \ ——BG
ud \
EG
125
120
115

<% 25> OLLEOY =344 99 H=2o dgh

A (pre) At=(post)

o
ft
(E
ot
i
&



C. BDNF, IGF-1, Cortisol®] ¥ 3}

1. BDNF9 ®3}

HEvE &5 FoME &% A 21324.00£2753.76pg/mLolA &5 &
24284.00+2827.86pg/mL & Z7}ete] A A o2 Golet Aolv} dE Aoz U
b TH(p<.001). &7 &% Tl E 5 A 18682.40+4221.25pg/moll A &%
T 18882.60+4184.93pg/m 2 Tt AA R FAHOoRE Fo3 Aolrt ole
Ao Yeigt gEMeE £%5 oA E &% & 19956.10£3770.22pg/ml ol A
o= F 90904+3966.15pg/ml 2 Z7tete] EA Ao w 93 Hol7t Q= Ao
2 YESH(p<.001). FHA 7o mE F Eﬁr EAH oz Fol5A e

O

5

A(p<.00l) 2wl WE F E3= FAHLE FoT Aot gle Aoy
Ehytom, SAA IS 59 FaEE ade SAHCR Fod Aot =

Aoz bk rh(p<.00D).
A kel Aolz} vEtiEA dolry] $lstel <E 52>3 o] AFHF 4
3 Aw ghel EAHoR fol@ Aol7t gl Aow v

<3 51> BDNF ®3le] st 43 o) opg/ml
- repeated ANOVA
dw  AHdpre) A (post) t D P
effect F D
BG  2132400:275376  24284.00£282786  -10.328 000% Time(A) 95.932 000™
YG  1868240:422125  18882.60+418493  -0.660 5% Group(B) 3079 062
EG  19956.10£377022  20904+3966.15 4885 001% AXB 36,633 000”

HH< 001, **p<.001

<3 52> He 7He] A% S5 (Tukey's test) 23}

@ 3y & = EFQA} p
BG-YG 4046.50 1638.847 051
YG-EG -4046.50 1638.847 o7l
EG-BG -2373.80 1638.847 331




30000

«~ 20000 il
> - 5
& ——BG
2 15000
L -G
10000 -
5000
0
AtE(pre) AtF(post)

<719 26> BDNF ¥ 3lo] th3l 23}

HETH 5 wolAs &5 A 13139 £ 27.34ng/miol A &5 F 14770 +
2742ng/m = bkl FAHOoE FoF Aol7h fl= Aow uyeut
(p<.001). &7 &% oAM= &% d 12887 £ 236ng/melA &5 F
126.90 + 22.70ng/ml Aoz goa o7 9= Aoz e
ok gHiE s delAds % A4 11840 + 19.65ng/m€°ﬂ/\1 &E 7
123.00 + 20.76ng/m = & 7k3}
Yok (p<.01). A A7 w
(p<.001) 18 W F gi=

fru
o
[N
ol
2
off
N
2
o

= o EhEt(p<.001).
A ghel Aol7k Ehhi=A ol $lehe] <E 54> o] AFAZF
Ad QY gels FAHOR Fo8 Aol gt Ao b



<3 53> IGF-1 Ws}te] gt 2} ©9] : ng/ml

repeated ANOVA

A9 AlA(pre) A& (post) t Jo)
effect F D
BG 131392734  147.70+27.42 -9.917 .000% Time(A) 68702  .000™
YG 1288742236 126.90+22.70 1.969 080 Group(B)  1.642 212
EG  11840+1965  123.00+20.76 -3.737 005" AxB 49263  .000™
#p<.01, ®p<.001, **p<.001
<E 54> He 7He] A S5 (Tukey's test) 23}
I ¥ T 2 EFox D
BG-YG 11.66 10.497 H16
YG-EG 7.19 10.497 774
EG-BG -18.85 10.497 190
160
/
140 r/—
—iN
120 — e
2 100
“g» ——BG
.80
F o —|—-YG
IJJ +=—EG
40
20
0
A= {pre) A= (post)

<9 27> IGF-1 W3l o3t 43



3. Cortisol®] W3}

MEDNE &5 TAME &% 1 835 ¢ 2.30ug/dfaow *% F 717 + 156
pg/ = FHAadte]l EAA R {3 Aol7t = Ao®m e H(p<il). &
7 &% Al AE &% A 707 £ 159%ug/deol A &F F 647 + 1.34ug/dlE
Hadte] FAACRE Folg zolrt e AOE UEHHH(p<O0D). @EW=
TE Tl AE 5 A 668 + 252u8/dol A 5 F 631 + 213pg/dlE A
StRAT Ao mE FoF Aol7t fle= AR UewT SAA7 A o
e F 2d%e $A4de®E FosiA HErR L (p<00l) 1wl wE F Ede=
FARCE froggt Aol7b glv AR YEgoern AV 279 FE
2g B e SAA SR Fo% Aot gle Aow UEy

ek Zrell Aol 7F vEtu=Al ol R 7] flste] <E 56>3 #Zo] AIFAF
A Jot o= FAASE FY3 Aol7F gle AR YEY

<3 55> Cortisol Wa}o] vjg 2z} a9l copg/dl
48 Adpre)  AEost) » repeated ANOVA
effect F D

BG 8.35+2.30 7.17+1.56 3.655 005" Time(A) 29491  .000™"

YG  7.07+1.59 6.47+1.34 3.990 003" Group(B) 1191 319

EG  668+252 6.31+2.13 2.146 060 AxB 3.297 052
#p<.01, ""p<.001

<3 56> He 7he] AFE 5 (Tukey's test) 23}

3 @ By = EFA} p
BG-YG 9860 85815 493
YG-EG -.9860 85815 493
EG-BG -1.2590 85815 322
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°‘9kbtﬂ olo] tha]l AMPQ 5(2006)2] AFAFNANME AHFro Eoldor
q

o FRW RS FA ey WEolvtn
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Kraemer, 2002).
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