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ABSTRACT

Biomechanical analysis of the approach shots of

Tour—professional golfers

You, Moon—Seok
Advisor: Prof. Lee, kyeong—1II, Ph. D
Department of physical Education,

Gradate School of Chosun University

Biomechanical analysis i1s useful for understanding the mechanism
of golf swing because it provides quantitative data. Thus, the present
study analyzed biomechanical factors according to distance change in
the approach swing of outstanding professional golfers in order to
provide fundamental data for the improvement of golfer performance.
The research subjects were 8 KPGA-—affiliated professional golfers
who performed approach shots that put a ball into a circle with 8
feet in diameter from distances of 30, 50, and 70 m. Data were
collected by using 6 infrared cameras, a ground reaction force device,
and electromyography, which were applied to calculate biomechanical
factors by using Kwon3D XP and Myoresearch. The calculated data
were subjected to one—way ANOVA by using SPSS 20.0 with a p
value of 0.05 set as significance level. According to the comparative
data analysis results, we reached the following conclusions:

First, elapsed time, stance width, variation of clubhead position,
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clubhead synthesis speed, and cocking angle significantly differed
according to distance change during the approach swing.

Second, clubhead speed was positively related with stance width
and clubhead displacement.

Third, ground reaction force significantly differed according to
distance change during the approach swing. Factors before and after
showed differences in other states, except in the impact state.

Fourth, the activities of both extensor carpi radialis muscles did not
significantly differ according to distance change. Meanwhile, the wrist
extensor muscle had no effect on the increase in approach distance,
and swing was performed by rotation of the upper body, not by the
power of the arm. From the peak of the backswing to the phase that
follows, the muscle activity of the lower body is increased with the
swing along with the switch from the right lower extremity to the left
lower extremity.

For a successful approach swing depending on distance change, the
activity of the elector spine muscle needs to be increased at the P1
position in order to accumulate torque, and the activity of the left
elector spine muscle should be elevated along with the increase in
distance at the P2 and P3 positions.

From the present study, we drew several conclusions regarding
biomechanical factors, ground reaction forces, and electromyographic
factors according to distance change in the approach swing of
professional golfers. According to these conclusions, we suggest that
distance control with swing range 1s more Iimportant than power
control in maintaining the accuracy and consistency of golf swing and

are the most important mechanisms of golf swing.
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oz 29 A A W WE FUE 28N FolE <E 3>,

<a9 7>3 2.

A (m)
#el = F Post—hoc
30 50 70

P1 40£.02 38%.04 .35%+.03 5.359" 30>70
2N 0O K5k
= P2 .25%x.03 25%.04 .31£.04 6.108 70>30, 50
Al ZE
(sec) P3 28%+.01 27%£.02 27+.02 141 —

total .94+.04 .92+.04 .94+.04 451 —

“p<.05, “p<.01

<¥ 3>0|A] HE w9} o] P19 AQAZHE 30mollA]l .40+.02sec, 50mE
.38%+.04sec, 70mE  .35+.03secE  EAZFOR  Fo3 zlo]lE HoOH
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5 KoM (F=5.588, P<.05), A4 Z3} 70m7} 30met 50mHrtt Y

2RAE BT

_—

rlo

041
0.39 -
0.37 1
0.35 A
0.33 A
m 0.31 -
029 -
027
0.25

023

021 -
30 50 70

Y 8 oju# A Al AEIA Yo
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3) 2= 9% W9

o R 29 Al A Wl mE FHIE= A WY Aol <xE 5>, <71
H 9>, <Id 10>, <29 11>3} Pt

A2 (m)
Hel = F Post—hoc
30 50 70
Pl .45+.05 .45+.04 .40%.03 1.080 -
X‘]% ok
(LXT) P2 .324.09  .40+.07 .45+.07  5.576 30<70
P3  .76+.12  .824+.09  .88%.09 2.746 -
Pl 1.01+£.08 1.04+.06 1.07£.07 1.418
:—é?‘i}f— 25 o 50>30
?JHL)A ) P2 .19£.09  .424.22  74+.19  22.179 2050
P3  .90%.16 .68%+.26  .39+.25 11.334™  30,50>70
Pl  .76+.03 .77+.03 .77+.04 .023
0 P2 .70%+.16  .90%.22 1.09+.10 12.224 30<70
30<50
P3  1.45+.15 1.62+.18 1.80+.09 14.560
50<70

#*p<.01, **¥p<.001

<3 5>9A H vpel o] Pl A% W= 30molA .45+.05m, 50me
A45%.04m, 70m+= 40%.03mE YEFR O™, FAA FoxkeE vEVA &
th. P29l AF WYE 30melA  .32+.09m, 50mE  .40+.07m, 70mE
A5+.07Tm=E EAIHoR Fojgt AolE HG oW (F=5.576, P<.01), A$A
4 A3 30m7F 70mEt F WHAE HUh P39 AFE W= 30meolA
76+.12m, 50miE .82+.09m, 70miE .88+.09m=E UElW oW, FAHo=
frelgh xfol & HolA LUTHE=2.746, P>.05).

P19l #H$ WYE 30molA 1.01+.08m, 50m*= 1.04+.06m, 70m*=
1.07£.07m= Yetwow, A4 Fofxt= vehubA] vk P2 9 W9

22
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= 30molA .194.09m, 50mE .42+.22m, 70mE 74+.19mE EAHO®
o8t 2polE HP oM (F=22.179, P<.05), A¥AA Z3 30mHET} 50mk
o e WMeE Bla, 50m7F 7T0mEY FE WSS BT P39 g W
9= 30mel A .90+.16m, 50mE .68+.26m, 70mE .39+.25mE  EA Ao
2§93 AolE HP oM (F=11.334, P<.05), A=A ZA3 30mEU} 50m
Hoh 71 |9E B3, 30me 50meF 90mE Tt 11 WY E Rl
P19 27 HYE= 30molA .76%£.03m, 50m¥E  .77+.03m, 70m+
J7+.04m= GERgt o, FAA frolabs dEhubA gtk P2o] 2 w9
= 30mollA .70+.16m, 50mE .90+.22m, 70mE 1.09+.10m=E EA %O
2 frolg apolE HYow(F=12.224, P<.05), A5AA A3 30mET}t 70m
Hop g2 WeE HAAv P39 4 W= 30melA 1.45%.15m, 50me
1.62+.18m, 70mE  1.80+.09m= EAHo=Z  Goldt zols H o
(F=14.560, P<.05), AF5-7A4d Z3} 30mEtt 50mETt &2 HEE HAA,
50m7F 70mETH &S WS BT

W30
ms0 ms0

=70 =70

I
iy
©
2
5
ult
ot
E
[
o
I
iy
—
]
i
—o
ult
ot
E
[
o

W30
ms0
=70
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2
¢
fr
2
[>
oo
>,
Y
ch
&
o,
=
k=)
il
lt
o
a
[
e
oX,
Ap
=g
)
o
rlr
A
55
(@)}
vV

A (m)
Hel oJHIE F Post—hoc
30 50 70

El J78%£1.02 .34%.15 42+.20 1.380 -

30<50
Zuge B2 558£51  6.61+£.80 7.61%.23 31460
LA AT 50<70
H o1
(m/s) E3 38+.13 .66+.31  .65+.34 2.771 -
30<50
B4 14.24%.77 16.1942.01 19.27+.73 36.345™
50<70
#x4p < 001

<E 6> K= ulel o] E1¢9 FHIAEEE 30molA] .78+1.02m/s,
50mt .34+.15m/s, 70mE .42+.20m/sZ BAZHCE {93 Ao]E Ho
A gkodtE. E29]  FHIAHEEE 30molA 5.58+.51m/s, 50me
6.61+.80m/s, 70miE 7.61£.23m/sZE FAHOE Fol3 HolE HoH
(F=31.460, P<.001), A% 4 ZA3} 30mHt}t 50m7} X271 wgtow 50m
7} 70mETH WEE Hth E49 ZFHIAPAELEE 30melA .38+.13m/s,
50mE .66+.31m/s, 70m¥E .65+.34m/sE YEGon, EAHom Hodt
zpo]S  HolA FUTtHF=2.771, P>.05). E4¢ ZFHFAEEE 30molA
14.24+£.77m/s 50mE  16.19+£2.01m/s, 70m+E  19.27+.73m/sZ EAHS
2 93 2ol= WP oW (F=36.345, P<.001), A5¥#HA Ay} 30mET}
50m7F £%7F welon 50m%E 70mETE WME L2 Wt
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25

20 1 T2

15

CED
L ms0
o 170
) i
o __;ﬁ e : e
E1 E2 E3 E4
g 12, FHeEHE IHEE
5) Zt= W3}

(1) X—factor

ojzA 29 Al Ael Wste] wE WAy g A X—factor ol

<3 7>, <719 13>3} g},

¥ 7. X-factor #}o]

A2 (m)
#9l F Post—hoc
30 50 70

X—factor (deg) 36.91+9.62 41.42+9.66 45.06%7.73 1.946 -

<¥ 7>A BRE= vl o] WA € X (E3)AY X—factors 30meolA]
36.91+£9.62deg, 50m+= 41.42+9.66deg, 70m+= 45.06%£7.73deg® ZA %
OS2 ot polE Ho|A| gkok),
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3021 1
thes W X-factor

20.21

1021 A

2T
30 50 70

18 13, X-factor

(2) 273%

o] 29 A Ae] Wae] W :A7} Aol <E 8>, <1 14>9} Lk,

A (m)
Hel oHE F Post—hoc
30 50 70

El 154.24+1.43 154.7+£7.89 154.18%4.04 144 -

E2 154.11£2.44 155.95%£1.56 156.60£1.77  4.145° 70>50

277
(deg
E3 149.40£0.40 150.79£1.87 150.10%.99 921 -
E4 155.32£1.67 156.36%£.98 154.94%3.65 .834 -
*p<.05

<3k 8>°A H& uie} o] E19 FZFZE 30melA 154.24+1.43deg,
50mT  154.7£7.89deg, 70mE 154.18%+4.04deg® FAIFoZ fFolgt Afo]
5 HolA &drt. E2¢9 FZAZAL 30molA  154.11%2.44deg, 50m+e
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155.95+1.56deg, 70m¥ 156.60+1.77deg2 EAHCZ H3 zo]2 B
Row (F=4.145, P<.05), At5-H4 A3 50mET 70m7t o & Zo® K3
t}. E39] z:A7e 30meolA  149.40+0.40deg, 50miE  150.79+1.87deg,
70mE 150.10£.99deg® EAIHO® §o)8t AolE Holx FUTHF=.921,
P>.05). E4¢] :77}e 30mollA 155.32+1.67deg, 50mE 156.36+.98deg,
70mE 154.94+3.65deg®  EAIHOE  Ho3  zo|E  HolA &t
(F=.834, P>.05).

165 -

160 -

155
30

dej

3 50

150
E70

145 -

140 -

El E2 E3 E4

2. A W3l B2 A Wl 2ol

1) A-% AHREE x}o](X—axis)

p

oA 29 A A wsel we WF A Aol: <; 9>, <17

15>, <719 16> 2t}

:
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A2 (m)
#el ojHE F Post—hoc
30 50 70

El .21£.07 .38%£.32 .37%.05 2.242 -

E2 29%£.07 .40+.09 .52+.24  5.042° 70>30

oex
E3 .35+.08 .32+.23 .68+.21 10.336" 70>30, 50
A% E4 D4+.17 .68%+.16 .54+.47 613 -
(N/kg) El .324+.03 .38+.10 .46+.09 6.438" 70>30
E2 22+.15 .31+£.28 .36%.16 1.105 -
%

E3 13£.21  .14%£.15 .19+.33 144 -

E4 A8%.17  .22+.39 .40%.51 2.092 -

#p<.08, **p<.01

<% 9>od HiE ule} o] E1¢ 8% AST AwWHlEE 30molA
21+.07N/kg, 50mE .38+.32N/kg, 70mE .37£.05N/kg® el on E7
A oz vEREA @9kth E29] 2EFH AF AwukEe 30melA]
29+.07N/kg, 50mE  .40+.09N/kg, 70mi= .52+.24N/kg® EAZH o2 9
5t zolE KoM (F=5.042, P<.05), AF¥A4 23 30m7} 70mEtt 2> Ft
< HITh E3¢9 2EF: AS AWdtEe 30melA  .35+.08N/kg, 50mi
32+.23N/kg, 70mE .68+.21N/kgZ FAHCR Fo3t HolE HoH
(F=10.336, P<.05), A54A A3 30met 50m7F 70mEch 2 ghe B
E49] &% % AHurEe 30mollA] .54+.17N/kg, 50m+ .68%.16N/kg,
70mT .54+.47N/kg=2 YER oW, SAAH FolAE YERA] ekt

E19 9% Adwae 30molA .32+.03N/kg, 50m+ .38+.10N/kg, 70m
= 46+.09N/kg® EAAOZ §o)8 zpo]S HYOon(F=6.438, P<.05), A}
FAA AY 30m7F 70mET #e g Holt E29] 9% AS AdwkEe
30moll Al .22+.15N/kg, 50myE .31+.28N/kg, 70mE .36+.16N/kg® =7
Hoz {23t Ao]E Holx| &t} (F=1.105, P>.05). E39 €% A% x|
e 30mollAd .13+£.21N/kg, 50mE  .14%.15N/kg, 70mE  .194+.33N/kg

_37_
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2 ueson, BAA foatt e gtk B4 9% A5 Auvkele
30moll 4] .48+.17N/kg, 50m+= .22+.39N/kg, 70m+ .40+.51N/kg® UE}

som, BAH felae vehhd el

W I 07
. u30 05 u30
N/kg 0.6 - N/kg 0.5 -

04 T "70

02

2) & AHE z}o](Y—axis)

ol A Ay Al 7] Wt wpE 29 AEwtE o= <F 10>, <1

17>, <79 18> £t

A2 (m)
el ol E F Post—hoc
30 50 70
E1l 18+.19 3119  .44+£.19 4.245" 70>30

E2 B32+.11  .25x.49  .33%.34 143 -

e
E3 .05+.41 —.15+.38 —.42+.55 2.564 -
2.0 E4  —.214.47 —.83+.55 —53+.71  2.437 -
(N/kg) El 29+.20 .264.25 .35+.20 AT75 -
E2 A43+.14 —.12+.91 27£.29  2.411 -
Qz=
o E3 10439 —.14+.34 —.46+.60 3.522 70>30
E4  —.08+.43 —51+.71 —.91+.61 4.262" 70>30
#p<.05
— 38 —
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<¥E 10>0]4 HE ule} o] E19 022 ¢ Auuae 30mola .18+
.19N/kg, 50m+ .31+.19N/kg, 70m+ .44+.19N/kg® SAZOZE 23 Ajo]=
HElom(F=4.425, P<.05), A}5A4 Ay 30m7} 70miEth 242 gk Hloh
E29] 9 &8% ¢ AHwrdae 30molA .32+.11N/kg, 50mE .25+.49N/kg,
70m¥E .33+.34N/kg® UERGon | 242 FoxkE UEhA| @gkth E39] 08
z 9 AEdrEe 30melA  .05+.41N/kg, 50mE  —.15+.38N/kg, 70mE
—.42%.55N/kg® e o™, SAF Foxb= UERbA] @0tk E49] QEH 2
AEukE 2 30mol Al —.21+.47N/kg, 50mE —.83+£.55N/kg, 70m+
—.53+.71N/kg=® YElt o, SAH fojxte= YEpA] ekttt
E1¢] €% #H$ AAwze 30melA .29+.20N/kg, 50mE  .26+.25N/kg,
70mT .35+.20N/kg® YERRtom, FAA frolxe= uEhbA] @kskth E29]
Az Fe AHurdae 30mol A .43+.14N/kg, 50mE= —.12+.91N/kg, 70m+=
27+.29N/kg® EBEAHOZ §93%F o]E Holx LYrhHF=2.411, P>.05).
E39] 9% 9 AwHubzS 30mollA .10+.39N/kg, 50m+ —.14+.34N/kg,
70mE —.46+.60N/kgZ EAHoZ  F938t zto]E R ow(F=3.522,
P<.05), AF$A74 A3 30m7F 70mETh 22 ghe Bl E49 A% H9 A
A S 30mollA]  —.08+.43N/kg, 50mE  —.51+.71N/kg, 70mE —.91+
61N/kgZ EAHOZ §93F zto]E R oW (F=3.522, P<.05), AtEHA
A3 30m7} 70mHETE 2 #S Bl

Nfkeg 0 -

021 H ke 70 02 - 70

04 04 '

05 06

08 038

1 -1

% 17, - AU EH (L ESR) 2% 18, #-¢ ARk (95)
- 39 -
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3) & AHWHE x}o](Z—axis)

e 29 A A7 W] WE A AWHY ol <E 11>, <1

19>, <719 20>3} 2},

¥ 11, 2 Ak 2ol
A& (m)
Hel ol E F Post—hoc
30 50 70
El 4.66+.66 5.08+1.01 5.53+.53  3.176
E2 5.14+.88 5.35+1.51 5.96+1.26  1.099
sBz
E3  4.78+1.02 4.1741.39 5.7+0.94  4.452" 70>50
E4  4.77+1.30 4.66+1.22 3.53+1.42  2.588
7]
(N/kg) Bl A77+44 4.44+39 4.87+£70  1.743
E2 4.31+£.87 4.09+.89 5.36%£2.45  1.726
Az
E3 4.15+.63 4.06+.97 5.60+.13  3.541° 70>50
E4  6.45+2.37 5.77+1.36 6.59+£1.05  .310
#p<.05
<IT 11>o)4 HE nvle} o] El19 2E2Z 52 AHumES 30mol Al
4.66+.66N/kg, 50m+¥ 5.08+1.01N/kg, 70m+¥ 5.53%+.53N/kg®= U eSO
w, FAY F9x= YERA] odth E29] 8% 2 XHukE S 30molA
5.14+.88N/kg, 50m+¥ 5.35+1.51N/kg, 70m+= 5.96+1.26N/kg® eSO
v ZAZ folxteE vEREA ekt B3¢l 2% £ ARk S 30mol A
4.78+1.02N/kg, 50m+ 4.174+1.39N/kg, 70m¥  5.7+0.94N/kg=  EA 2 o

2 F93t xolE HPom(F=4.452, P<.05), AFEAA A3} 50m7F 70mETH

2R Fhe HAY E49 2EF 4z A2 30mellA 4.77+1.30N/kg,

-
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50m+= 4.66%*1.22N/kg, 70m+
= gERA e

Ele] 9% 52 Auyele

RS

70m+T

o,

rlo

A4
4 Ak
0+£.13N/kg=
A HAH A¥ 50m7F 70mKtE 2
30mol A 6.45+2.37N/kg, 50m+=
= Ueson, SAAR {Fo%

Kol
T

e

Aol

H30

H50

W o~ o
L L L L L |

E70

_41_
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N/kg

4.87+.70N/kg® YEelgon, BAA Fojzt=
30mell A 4.31+.87N/kg,
o8 o3k zolE WolA FUTHF=1.726, P>.05).
30mollA] 4.15+.63N/kg, 50mE
EAA R §o3t 2olE B OoW(F=3.541, P<.05),
Bt E49 9=
5.77+1.36N/kg,
1 o] ]

=
1=}

L T N . - R Y1

50m+=

70m+
oroFtH(F=.310, P>.05).

3.53+1.42N/kg=2 YEIRoH, FA4

A
.09+.89N/kg,

Fo17

30mollA 4.77+.44N/kg, 50mE 4.44+.39N/kg,

okt E29

70m+=

4.06+.97N/kg,

54 Awee

6.59+1.05N/kg

H30

H50

=70



3. 719] W3} mE ZHE Aol

1) 8=+ A1Z(Extensor carpi radialis)

x| 29 A Ael Wbl WE e35TUD THAE Aol <E 12>

<18 21>, <718 22>9} 7}

A (m)
Hel =4 F Post—hoc
30 50 70

P1 205.5£117.6 254.1+112.2 285.0£155.9 .588 -

% P2 143.3%£123.6 213.7+£132.4 180.9+112.4 1.313 -
o=
=

e P3 498.4+126.5 466.4%£175.6 470.81£119.4 475 -
AL

= P1 274.3£155.9 303.9+164.8 306.0£159.3 .346 -
(nv)

QLEZE P2 201.4%179.6 268.7£108.7 290.5+128.5 .809 -

P3 331.5£185.5 312.5+132.6 317.5%£102.0 134 -

<® 122014 B uksh go] P19 9% aE5oAE 23
70

205.5+117.6uV, 50m+= 254.1+112.2uV, mT  285.0x155.9uVZE 4}
Bkow, BAH fot vehA ggd. P2ol 9% a5Foae 2@
Aee 30mel A] 143.3+£123.6uV, S50m+= 213.7+£132.4uV, 70m+—
180.9+112.4uVE viebtor], BAY Rz et @k 3o 9%

\i

FrAlE 28 EE 30mel Al 498.4+£126.5uV, 50mE

ko
|

<

iy

, 70m
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470.8+119.4pVE YEPt o, SA A Foab= YA Sk



ru
I

P1

o=
a

9]

164.8uV, 70m+=

okth P29

268.7£108.7uV, 70m+

[OJR=20="-3
=

85522 30mel Al 331.5+

317.5£102.0uVZE  EAHO=

2] ¢FItH(F=.809, P>.05). P39 o=z
185.5uV, 50mE  312.5+132.6uV, 70mE
frefgk afol& HolA ¥kth(F=.134, P>.05)
| T wa
OY 21, REFEA(YE) g 22
— 43 —
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30mell Al 274.3+155.9uV, 50mE
306.0£159.3uVE YElon, FAA
30mel A

ol ab=
201.4£179.6uV,
128.5uVE SAIHoR fogt zol&

W30
H50
=70

303.9+
LhehbA
50m+

Kol



2) W3 Z(Vastus medialis)

2
!
2
L
rr
A
=5
—
w
‘V

ALz ~§ A Ag W] wE YEIZ

<719 23>, <719 24>¢} 7t}

% 13, U532 Zo
A&l (m)
Hel = F Post—hoc
30 50 70
Pl 193494  20.849.3 21.9410.4  .025
% Py 3754177 3874233 5474248  3.761°  70>30
W= P3  60.4+17.0 161.4+87.8 273.4+98.6 22.124° 20730
70>50
e
V) Pl 25.1+11.8 25.6+13.4 26.1+11.7  .284
0=% P2 162483  16.349.8  17.646.5  .138
. 50>30
+ + +
P3 20.1+117 39.4%16.5 6224202 162807 2070

#p<.08, #*p<.01

<F 13> B uel Zo] P1Y 9% USFE Z2ZAHAEE 30melA
19.3£9.4.6uV, 50mE  20.849.3uV, 70m+  21.9£10.4uVZ  YEROT,
AR FrelabE WEREA] @%kth P29 F S5 284 EE 30melA
37.5£17.7uV, 50mE  38.7+£23.3uV, 70mE  54.7£24.8uVE  EAFHOR
o3 2Fo]l= HA O (F=3.761, P<.05), A% 4 Z3} 30m7F 70mEc}t 2
S e BT P39 9% USHT SZAEE 30melA 60.4+17.0uV,
50mE 161.4+87.8uV, 70mE 273.4+98.6uVE EAZHOR {3 zo]E
Hom(F=22.124, P<.05), A4 A3 50me] 30mEt, 70m7} 50mkE

o2 ghe ugln
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P1¢ 8% UYSF2S 30melA 25.1+11.8uV, 50mE  25.6+13.4uV,
70mE 26.1+11.70VE YElgton, BAF fFox= dEpugA kgt P29
o8z Y2 30molA  16.248.3uV, 50mE 16.3+9.8uV, 70mE
17.6+£6.5pVE SAIA SR o3k Afo]E HolA| trh(F=.138, P>.05). P3
o 98 WEHFLS 30molA 29.1+11.7uV, 50mE  39.4+16.5uV, 70m

20VE EAFo® fodk Ao]E W oM (F=16.280, P<.05),
AFFAA A3 50mo] 30mE Tl 70m7F 50mETF 2 S BTh

400 - 90
350 4 80
300 70
60 |
250 1
m30 50 m30
JV 200 - i Y | ms0
150 =70 pid =70
100 4 i
50 10
0 0
Pl P2 P3 Pl P2 P3
Y 23 WSEEE) a9 24 SBEH(LEF)
— 45 —
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3) A5 HH

AL 29 Al Ag] Wdel wh 95w

2 25>, <19 26>3 Zr}

Z(Gastronemius)

o oA

Fol = <

X 14>, <O

¥ 14, vl &E<E #)o]
A& (m)
Hel =4 F Post—hoc
30 50 70
Pl 18.6+6.2  20.4+9.04 2474125  1.624
1% P2 355426.6 4324222  62.0427.3  3.427 70>30
= P3  69.9429.7 96.2+49.4  99.0+38.2  3.224° 70>30
H] &
(V) Pl  30.7£13.6 32.8+418.6  37.5+13.3 .309
922 P2 15.946.5 14.5+9.4 13.7+6.6 .333
P3  455427.2 50.4+15.6 72.3+£18.0  7.410" 70>30
#p<.08, #*p<.01
<E 14>0]4 B nvle} o] P19 % o= H|EZ LA EE 30molA

18.6£6.2uV,

35.5+26.6uV,
fold Aol s

50m<
EAA Tk HERA]
50m< 0x
B o (F=3.427, P<.05), At$7A 4

43.2+22.2uV,

< e BT P39 dF o5 njES

50m+

ol o1 (F=3.224, P<.05),
B

o = 2=

ST

P1¢

Collection @ chosun

96.2%£49.4pV, 70m+

SR e

20.449.04uV, 70mE 247+
ook}, P2o] 9z

70m+= 62

R

99.0+38.2uVE EA %o
AEAA A 70m7F 30mET 2 kS Bt}

27.3uV=E
I} 30m7F 70mEt} Z}
30moll Al 69.9£29.7uV,
o2 Fo3t FolE

H] &8 30mollA] 30.7£13.6pV, 50mi=
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27>, <719 28>%} 2},
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=
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SEE P2 44.3%8.0 43.216.4 48.0£11.3 1.283

P3  56.4£20.2 92.8£39.8 134.5£52.1  10.110™  70,50>30
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