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ABSTRACT

The Effects of PNF combined patterns training on
muscle activity, balance and functional ability of
hockey players

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

Graduate School of Chosun University

This study was performed to examine effects of PNF combined pattern
sprinter and skater pattern training on muscle activity and balance and
functional ability of hockey players.

In order to achieve this purpose, total 28 participants were separated into two
group: 14 comparison group and 14 experiment group, and the experiment
group performed PNF combined pattern training for 12 week, 3 times a week,
60 minutes a day. Each group was measured maximal voluntary isometric
muscle shortening on abdominal muscle group and quadriceps muscle group
using Bagnoli EMG system beforehand, after 6 week and 12 week, and static
and dynamic balance ability was measured using GOOD BALANCE system to
find out balance ability, and functional ability was measured using carioca,
co—contraction, shuttle-run and hoping test. For statistically verifying above
measured values, repeated measure analysis of variance was analyzed and have

following results.

_iX_



1. As the comparing results of muscle activity, abdominal muscle group of each
group was gradually increased beforehand, after 6 weeks, 12 weeks, and as
the results of repeated measure analysis of variance, left rectus abdominis,
left internal oblique abdominis, right external oblique abdominis muscle of
abdomen of experiment group showed statistically significant differences
(p<.05). Quadriceps muscle group of bhoth groups also gradually increased
beforehand, after 6 weeks, after 12 weeks, and as the results of repeated
measure analysis of variance, left vastus lateralis and right rectus femoris of

experiment group showed significant differences (p<.05).

2. As the comparing results of balance ability, normal standing eye -close
(NSEC) in static balance ability was gradually increased beforehand, after 6
weeks and after 12 weeks, and as the results of repeated measure analysis
of wvariance, Ant-Post velocity moment of experiment group showed
significant differences (p<.05). And one leg right eye close(OLREC) of both
groups were gradually increased beforehand, after 6 weeks and 12 weeks,
and as the results of repeated measure analysis of variance, both Ant-Post
and Med-Lat velocity moment showed significant differences (p<.05). Also,
dynamic balance ability of both groups were gradually increased beforehand,
after 6 weeks and after 12 weeks, and as the results of repeated measure
analysis of variance, Ant-Post velocity moment of experiment groups

showed significant differences (p<.05).

3. As the results of functional ability of quickness which is physical factor
related to exercise performance, carioca, co-contraction, shuttle-run and
hoping ability of both groups were gradually increased beforehand, after 6
weeks and after 12 weeks, and as the results of repeated measure analysis

of wvariance, shuttle-run and hoping ability of experiment group sowed



significant differences (p<.05).

From above results, balance ability in static and dynamic posture of hockey
player's was shown to be improved through symmetric training of combined
pattern sprinter and skater pattern applied to hockey players, and it can be
considered that this is actively recommended for training method to improve
athletic performance of hockey players because it improves muscle activity

and athletic function of abdomen and lower extremity.
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Z &A= (muscle activity)

ATANE #I5he] 9P FE THEY = BYEE FYH/ 93

Ll
>
s
ofo
ol
o
e
*
[
o
=

H
¥H -1 E(Bagnoli EMG system, Delsys Inc., US.A)E
& RS Aol W AFS A2 As 9 AN FugR R

5%% W Fred ger 2B g A

=2

v A
.

_

1 = ‘?‘ = ©
T A |

e}
= 2 BRI (abdominal muscle group)ol A 2 &3}
2o EZ Z(rectus abdominalis), WA} (internal oblique muscle), ¢ E-A}

4

(external oblique muscle)®] 5o F23stAom, o EAMFE - (quadriceps
muscle group)ol A& LEZFY A% Ul EH A E(rectus femoris), WSFL

(vastus medialis), 9] =% (vastus lateralis)ol]l &3 th(E 2, 19 5 18 6).

SHAE AT gk JREAGgS g7V dEte A Asd A
(electrolyte geD& HI2i 7|5 HA=& I Fo UFAZ & FolHo]ZE o] &

AN

stol AxstA AP HA AT (ground electrode) e %o AFS FX

1=
n
ANz BE FZ & (sampling rate)e 1024 Hz2 A AR on, 44 A
Z% 2 Bagnoli EMG system® &4 F3+ o9 g 20~450 Hze =4
2]

H (notch filter) & A&, ¥ <= A5 A3 42 /e

4

o e

[kl

FEol A# ¥ Acquisition and Analysis Software(Delsys, US.A.) X &1

ut

S ol g3t A& A WE(root mean square; RMS)S 24314 th.
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b. A F93 THAE 25 A < EH4E FFZUMVIC)

BB 25 (abdominal muscle group)®} o E A+ (quadriceps muscle group) 2]
< GAEE FA4s7] 98 WA 4 259 HAY FoA FHA L5 F(maximal
voluntary isometric contraction; MVIC)S =54 &8 HAAF AAHE 7|02 3o
Ten, 7t 259 AW E3 e 7yl 98l EH-H(abdominal muscle
group)< &Y o 77 (sit—up), HEALFZ+(quadriceps muscle group)2 &34
2177171 (knee extensor machine)oll Al Hdl 94 & F54S F3st & S48

FAHZ™E 7, 8). 102 &S ARFe AIIEHT F 27|k viA Y 225 A
L




-
Iie‘

a9 8 3 A HEAFEIET & B S5 AA

2. ¥ 3 5 3 (balance ability)

BodpdNE #3%de 248y 6 #¥%d 24 46(GOOD

BALANCE system, Metitur, Finland)& AF&3tGth(19
T, F- A SN ol ThHA ols HEs}
& a9 o] &ske] B8

=

Hareel A # =

=
AA-AAA E4A W FBRAFACOE 0832

(Sinvohen et al., 2004).



a. % 438%H
2 ATl e A 3 (static balance) 8-S wF R A A EHA A A
Al(normal standing eye close, NSEC), T3 &% thg|2 XX stHA] A Z}A|
one leg right standing eye close, OLREC), =73 9% tlg]l2 A x|sHA A =}
Al (one leg left standing eye close, OLLEC) 37Ix&2 AAsg o (xE 3), 2+ =
AlellA =54 An7E B4 d9 o9& dede Ag, 5 4E5 4 (Center of

3}, COP9 #A-ZF(ant-post) A =2 W

oﬁ
L
FE

Pressure; COP)9] u]-2](med-lat)
3}, COPY Z==2RE £Hxo 329
et al, 2006). o] = A 33] Q&S SAH X9 HS Aol A dPeHES v T

sttt

o
o8,
12

(Velocity moment)S =743t tHEra
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30
20

Al ZH(sec)

taA A A (OLREC)

°©

A
FHAl A 24 (NSEC)

2

©

ez A

AL IR AR

20

teA A A (OLLEC)

S

= ez A

3

7 2] (Distance) =

Z] o]
1w

JE U-2](med-lat)2]

7 (static balance)s =< 19 103} 2o
kel

P
T

g

1=
]
S|

b. 38 435
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B

—~
fie)
=
it
e

el
™
Jo
o
)
N

1o

ol
el

ﬁo

0
irl
W
Jo
8o
)
N

1o

e



3. 7153 %4 (functional ability)

2 AFelAE AEe FAH8AR] T B sHE SAsY] A 7eH
o 2 7}8] @ 7 carioca), &A= (co—contraction), A& & (shuttle-run)

7} 33 (hoping) AAFE A3t}

a. 7}8) @ 7H(carioca) 58 =3

AT s e ad A

JH

g AL 09E01212mAYE FUAROR SHA B4 G wes v A
AR AR AZ AR B0l 809 E(24.384m) I~ R AI7S EAsA T
(2" 11). oAl 33] WHERE SAHA ] Hvts Aol Fhe et T & vla A et

At

=
gy o=u

a9 1L A et 59 57

g SAS e zRE 600A(1.5m) #1ef Wl 2 48914 (1.214m) AY &

[}

s 9y EE sl W o geEdmeE £ Zdolo T ouj(96¢] %] (2,428m)
2 AFAIAA 180% vFLS AWS HHA == wx ~Elow g k& ¢t
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(29 12).
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273

o=

H(shuttle-run)

c. A&

=
o

=

A

HE

at7] 28 A

.
2 27

Aol A =
g =45 A4 F(suicide sprint)gtal k= 2

e

E

2

L AZ golozRE Fgoz2RE 7t 6mAg el 4
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D. Eflo|d =21

AT Edoly Z2ae s7AFES PNF 39" Efo|ddd ~xd

Ejol 2701y " S AlA sk

tlo
o
ML
)
1t
>,
ol
ol

&= (stretching exercise)

AAAE WEAEUALER NG 58 DAt

b. & &%

~Z e Y (Sprinter pattern)S L2 EZ XX (upper extremity)s =3
(flexion)- W A (adduction)- 2] = 3] A (external  rotation)® A& 32 (scapula
inferior angle)®] <] =(lateral)-%(upward)- AW (forward)e] & ASE FE3tA
a1, Al 9Z A (lower extremity)t =2 (flexion)-W A (adduction)- %] &3] A
(external rotaion)¥} FZFZA A (ischial tuberocity)? AW (forward)-*(upward)—
WS (media) ¢l w29 F=aAvh. 28 9% A (upper extremity)s= A1
(extention)- 2] A (abduction)- W = 3] A (internal  rotation)¥} A& 2 (scapula

inferior angle)?] %W (backward)-3t%¥(downward)-W3(medial)®] &% <

tlo
Jo
o

AL, TAl 2 EZ A (lower extremity): Al A (extension)— <] Z (abduction)-
W =3] A (internal rotation)® #&74 & (ischial tuberocity)2] &F¥(downward)-$1

(backward)-¢] = (lateral) @] &2 4S F =3t

a9

b A~ 7o) B €l (Skater pattern)S 2% AFX](upper extremity)s Al A
(extension)-W A (adduction)- W = 3] A (internal  rotation)¥} A7}& 32 (scapula
!

AL, A 9Z 3% (lower extremity)s 4l A (extension)-W & (adduction)—

tlo
t
ol

inferior angle)?] 3% (downward)-#A %W (forward)-3(medial) 2] &2 IS &



2] 5 3] A (external rotation)¥} =} A A (ischial tubericity)®] 3F%(downward)-
A (forward)- Wl S (media) ] w4 4SS T3t 28l 9% A (upper
extremity) &= 3 (flexion)-<] % (abduction)-W 3 3] #l (internal rotation)2} 73+
3} Z}(scapula inferior angle)?] W (upward)-5 4% (backward)-<] = (lateral) 2
=AY ES FESIAN AL, sA L EF st (lower extremity)s = 2F (flexion)- <]
% (abduction)-W = 3] 4 (internal rotation)®} 2} 44 (ischial tuberocity)®] 7
W (upward) -5 % (backward)- <] S (lateral) 9] &2 4 S F =38kt

o] & wA o] THA R Fiyol A uwf PNF Sdsideldta gt=t), &
TolA= PNF el ~2E et ~A0H s A3s EdoldS Uiy
7] Z}A|(crawling position)t A ZFAl (standing position)ol] 4] €2 ¥l = (Thera-band,
Hygenic Corporation, U.S.A)E ©o]&3] 4% Asix& Hzdol 7taA] A 8315t

TAAR] FA= g7 7] AAel A st wxpsiA 2z iy § 27
olf YH& F103] AL AL lsetZ 3ol F 4~6 sections A5 o™

=

Zb set § FAL 30x AAEAY. A A AME AgskA| ol waps| Al vtz 7] 2}
Ao} o] F 4~6 sectionS AABFATE U7 7] AAZF Eubal 287 F4] &
A AR &S APt o, ZF gee] 5 WL o 723 FAEEE &)

Aok FAH Edolyd Ty F 49 1Y 159 169 #AAlE npel 2}
1~6F7HA = 2 AAAl A 4 section, 7T~ 12F7FA = 6 section® & &3}o] A=A}
Fre =Y AEstson, gEuEl &5 e ol &4 wjAdd AAg wEo
ofa WA H = AFE o AU EEe AFE] dol WA Ayt
A A &F WY Aolg Al Aol® sto] {(AFE ZHo] - kAl Zo]) /
JFAPAl Zol} x 1000= M=o AFAES A=ttt Absd A& PNF &
Ao wel Ho) dEVEsHAR 103 Hd viEEEs & e A2z W=
o sidets Hd AFom AT F Fd NFEAAAM A 3 Ho AP
80%°ll sl Fot= AddS Eeloldol AFEsEA (%, 2000).
Efeld =% AR Az A2 AH
£ AEHH 0w glsto] upE ApAl ol A

AU A4S A wAgs] FA

|
o
o
ol
filo
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]
4
o
k1
I
-
i
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x
>,

o
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~A01E

=2 dolr7] Y3 524AA HAE One-way ANOVAZS 2 A3
2. ¥ HAHAAFH dExd)e & FA E(muscle activity), 35 2 (balance
ability), 715% % (functional ability)2] 71&SAZFS AAsH7] Hste] Ht

(mean)¥} <= 2 2H(standard error of mean: SE)& AF&38}

37 AGEPATH x2S HANHAR, 67 5 127 )3 FE5WRY A
2185 EA87] fste] wrEEA FAFEA (Repeated measures ANOVA)S A A
skt

4. & SAH o+ 062 dAsA



IV. 94+4 3

A, & 84 E(muscle activity)

1. 28 Z#(Abdominal muscle group)?] & 4%

L &% EZZ(Rt. abdominalis)
Efolyg 7zt wE 2 2% Exo HY 94 THA Z55EMVIC)Y
WMal= Ao A AFA 21.52£11.95%, 67 $ 22.29+11.89%, 125 % 23.77+11.99%,
Zaoll A AFA 21.0214.75%, 65 & 22.34+5.15%, 125 ¥ 23.3415.42% =% F
T EF AL, 67§ 127 FolA 2 @A =T ST 5). w3 A
7o WE e BE Hzfo & IAE WIS BAF Ay Al nE oE2E B
Ao 2 FostAl YEFSTHp<05). vEH, Azt mE 7} o
= gk Aolrt gle o= ‘/‘rE‘rMﬁ‘ﬂ, Al ZH

I~

@91 %RMS

e il 65 & 125 &
AT 21.52+11.95 22.29+11.89 23.77+11.99
NxT 21.02+4.75 22.34+5.15 23.34+5.42

T A= AF A F F p-value
Az 2 73.553 36.776 50.641 0.000"
T*A| Tk 2 1.271 0.635 0.875 0.381
= 1 1.792 1.792 0.007 0.933
* p<.05



24 ~
235 1
23
225 4
22
215 +
23
205 1
20

224 & (MvIC)

AT B 1252

7| {Hweek)

b. 9% B2 Z(Lt. abdominalis)
Egolyd | 7te] WE 92 Hz o Huy Fo7 THA LFEEFHMVIC)Y

H3sl= Ao Abd 21.45+1153%, 65

_

CHE 7. B S whE A% B
of B 9% 2o o BYEE BAHOR Fol5
s

=
of WE 7 T g 9F WA o By

@9 %RMS

= A 6% ¥ 12% ¥
AT 21.45%11.53 22.61£11.32 23.87+£11.61
JxT 20.55+4.28 21.16x4.47 21.96+4.56




¥ 8 U o] WIE WESAH AN A9
Ti A= A F 3 g FAF F p-value

A7k 2 51.447 25.723 50.203 0.000"

A Tk 2 3.563 1.782 3.477 0.047"

T 1 42.586 0.188 0.668

* p<.05

AT el

25 -

24 -
S 3 -
.E. 22 -
]
30 21 -
ﬁ: 20 -

19 -

18

AP s 127 s
7| ZHweek)
a9 18, 9% EA o] WIEs wESAH AR Ay
c. L% Y EAZ(Rt. internal oblique muscle)

Eolyd izt mE &% YHAEY] Hu o4 SHAY IFEMVIC)S] W)
= A¥ToA APA 1753+4.13%, 65 3 18.07+4.21%, 12F & 18.69+4.46%, thZF-l|
A AP 17.8314.56%, 65 F- 18.3614.25%, 125 ¥ 18.76+4.10%°.2 F+ o EF A}
A, 65 F, 125 FollA & STt FUEFATHEE 9). wiF SA7]o] g Q2% )
HARLY] 2 AL WS BAE A Al7b)] mE 9 B2 YHALLY 2 ALE A4
o2 oAl YEPHTHPp<06). WHA, Algtel| w2 7F o 7ke] Q2% YlEARTLe] o %
= gt o)t glolom, Alzbdste] ks HASH AHjelA] B uf 7z o ko] QX
EARLS] o S5 Wsh= ot zlol7t gl Ae® JERITHE 10, 198 19).



9 oEx YEAZ Efoly 77t wE 7 i 2 dd% W)
@91 %RMS
i AHA 65 ¥ 12 ¥
AT 17.53+4.13 18.07+4.21 18.69+4.46
Nz 17.83+4.56 18.36+4.25 18.76+4.10

TE A= A& H oA F F p-value
Al ZF 2 15.385 7.693 11.426 0.001"
T*A| 7F 2 0.230 0.115 0.171 0.740
T 1 1.056 1.056 0.020 0.890
* p<.05

15 -+

185 1

18 4

175

S5k E (MVIC)

17 1




d. 9% YEAZ(Lt. internal oblique muscle)

N

o}
rJ

T

X
N

)

Edl o] 7] 3kl

19.86+4.57%, =

= T
T T

18.95+4.18%, 12

ko3
T

Hal= Aol A AFA 8.08+4.29%, 65

L=
5

5 @

18.80+4.54% &

= &
T T

18.47+4.32%, 12

ko3
T

o Al AR 18.1244.49%, 65

o

M

0

7A
ol

ol

i

mJ
T

¥
ilN

of
oF

N

e

~

[N

A HER o (p<06), AlRtel uf

$9)5

Ho=Z

A

-
T

HAl HERSE THp<.05).

$o]5

o=

Aol7k g

ki3

12, 219 20).

A
Rid

Aoz LERETH

)
H

0

7A
T

B

%RMS

gl

125 %

AR

_,_ﬂ_

18.08+4.29 18.95+4.18 19.86+4.57

AT

18.47+4.32 18.80+4.54

18.12+4.49

I
N

2}H(Mean=SE)

A

Z 37
¥

B

p-value

R

10.596 17.711 0.000"

21.193

N

2.139 3.976 0.044"

4.279

~

T* A

5.285 0.093 0.763

5.285

_.T._

* p<.05



ri
o
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[
P

20

19.5 -

19

185 -

18

gk & (MVIC)

175

17

A S 1253

e. QEZ 9B ALZ(Rt. external oblique muscle)

& o EALe] Aol o4 TAHA ZFFHMVIC)

o] wish= AdtolA 18.90+4.16%, 6+
oA AFA 19.09+4.29%, 65

[m
i)
)
oL
)
B
2
rlm
rlm

% 19.34+3.97%, 12F % 19.89+4.02%,
19.19+4.24%, 125 %19.64+421%=
G4 =7t F7ke TR 7 =3
HstE EA Ao ARkl mE QEH
e SAASR oA vEbs o (p<05), Azl W 7 o

= frolstA Y tHp<.05). ¥, A

g% ouane o %

9 %RMS

z A 6% ¥ 12% ¥
AT 18.90+4.16 19.34+3.97 19.89+4.02
JxT 19.09+4.29 19.19+4.24 19.64+4.21




T 45 A FE BT AF F p-value
Al 7+ 2 8.621 4.310 46.401 0.000"
T *A| 7+ 2 0.770 0.385 4147 0.029"
BT 1 0.093 0.093 0.002 0.966
* p<.05
——AlS ] =l E
20 -
198
T 1956 -
€ 194 -
iy 192 -
g 19
rl 188 -
186
18.4
AP =3 PEE
Z|{Hweek)
a9 21 QEBE QEAILY WIS MEEZHRARA A}
f. 9% 9 EALZ(Lt. external oblique muscle)

Egolg ]zt W A% 9Bz Hu fod FH4 24 MVIC)S

Wske APwelA 19.34£4.02%, 65 F 1950£3.62%, 125 F 20.00£3.70%, o
ol A A 18.86+4.28%, 65 ¥ 1891:4.28%, 125 ¥ 19,
A

&
+
o~
=
X
fru
-

C12% FlA 2 BAE/L SARACHE 15). T 57



T YE e R Aol 9l

e

@ AbEelA 2w 2 gke] 9% oA

© Ae® YBRHH(EE 16, 19 22).

Lo

717k W& ZF i & S E W3}
9] %RMS

=2
[u—
a1
o,
IR
o

ko
>
r
lo

m
b
S
ol

il

z A 6% ¥ 12% ¥
AT 19.34+4.02 19.50+3.62 20.00+3.70
Jx 18.86+4.28 18.91+4.28 19.48+4.17

TE A= A& 3T A F F p-value
Al ZF 2 6.722 3.361 16.902 0.000"
T*A| 7F 2 0.046 0.023 0.116 0.885
T 1 5.878 5.878 0.122 0.730
* p<.05

202

20 -
158 1
196 A
194 A
19.2 +

19 +
188
18.6
184 A
18.2

ZL5Hd © (MVIC)




2. E AT Z#(Quadriceps muscle group)? & 4%

a. 9% 9 ¥ 37 Z(Lt. rectus femoris)

Edoldr|zte e 9% gHAze Ao Fon $HY 24

Ay
:l:\YE
=
e
1o

Wake Aol Abd 551£1.36%, 65 ¥ 5.72+1.36%, 125 ¥ 599+1.43%, o
Zaoll A ALA 558+1.34%, 65F F 5.76+1.57%, 125 F 584+152%=% F o X
AR, 67 F, 127 FolA & BT SR THGE 17). w1 SA A6
o2 % giEz e o GAE WEkE 24 Ay At b2 A% dgiFz e
< A= SAHCE FYSHA YERTHP<05). ¥, Ajgtel] wE 7} o 7he] ¢

9 %RMS

= A 6% ¥ 12% ¥
AT 5.51+1.36 5.72+1.36 5.99+1.43
Jx 5.58+1.34 5.76+1.57 5.84+1.52

F 18 9% oiE AL WstE RS EEA 23
TE A= A& 3T A F F p-value
Al ZF 2 1.911 0.956 25.722 0.000"
T*A| 7F 2 0.198 0.099 2.663 0.094
T 1 0.006 0.006 0.001 0975
* p<.05



e

125

{af
K

?| ZHweek)

32 (Lt. vastus medialis)

=
=

GRS

(MVIC)*©]

T
i
¢

ze]
"
Ho
0
o)
A=

W

o}
mJ

Al

4.54+1.37%,

ke
T

4.31£1.46% =

==
T

4.27+1.20%, 12

ke
T

4.26+1.49%, 125

Aol A ARH 4.14+1.19%, 65

44

ik S

7 2

ke
T

ke
T

kol 4 AR 4.15+1.48%, 65

ol

Al

7A
ol

A

X
N

il

—_—

3

o}
N

e

~

i[H]

A WERsE o.M (p<05), AlRtell wh

S

o
JEt BAH0E Fol

& BAM0E #

3

7A
o

rJ

o}
rJ

3}

AL VFERS TH(p<.05). Wk, A7

S

|

)
H

0

7A
ol

20, 21 24).

A
3t

Aol7t gl Ao VEhrk(

ki3

ol



)
H

0

7A
ol

BH

%RMS

gl

AR

H

4.14+1.19 4.27+1.20 4.54+1.37

AdT

4.26+£1.49 4.31+1.46

4.15+1.48

M

p-value
0.000"
0.007"

32.349
6.895

0.548
0.117

1.097
0.234

A 2} (Mean+SE)

Az
A2

0.117 0.021 0.886

0.117

_.T._

46 -
45 A
4.4 A
4.3
4.2
41 4
39

rd

{of
K

A

* p<.05

7| {Hweek)




=

T
=
-

o &

Al71el mt

=
T

4.64+1.16%, W=z
%

ke
T

4.48+1.59% =

ke
T

460+1.15%, 12

ke
T

=
T

4.42+1.58%, 125

ke
T

3 Z(Lt. vastus lateralis)

=
=

aoll A AR 4.48+1.10%, 6

=g

L 9F ¢
3

Al
=

ol A AR 4.40+1.57%, 67

3}

0

7A
T

g

g

HAl WERtHp<.05). wha, Al

o5

=

o]

ol 7 giglom, A

i

k)
pul

A
Ria

Ao VT

(o2 =X
BA

ZFo) 7}

ki3

9/]

oF

22, 1% 25).

i)
H

0

7A
ol

i

%RMS

gl

AR

H

4.64+1.16

4.60+1.15

4.48+1.10

AdT

4.42+1.58 4.48+1.59

4.40+1.57

M

p-value
0.000"
0.071

16.988
0.019 3.242

0.097

0.194
0.037

A 2} (Mean+SE)

TxA]

0.403 0.071 0.792

0.403

H

* p<.05
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465
46
455 |
a5
44

M 435
43
425

DI T R

{aF

123~

{0k
K

AF

Z|{Hweek)

) & & Z(Rt. rectus femoris)

(MVIC)

5 6.07+1.34%,

T
_ZTY
¢
mJ

"
blo
"
o}
A=

N

o}
.

—

NI

X
[N
o]

il

Eo]d 7]zt

T

=
T

5.90+£1.53% =

ke
T

5.63+1.41%, 125

ke
T

5.82+1.53%, 125

ke
T

AN ARA 5.54+1.41%, 6F

2ol A AR 5.64+1.46%, 65

7A
gl

7A
gl

il

o}
N

M

~

i[H]

HA ekt o (p<05), AlRtel

S

dE= BAAHLE 9

7A
o

rJ

HA e eH(p<.05).

Feols

qow

= =4

3

7A
o

mJ

o}
.

—

NI

X
)

JJJ
)
H

,umo
gl

24, 19 26).

A
3t

2 thehgrk(

1o

A

-
T

A

[e3]

o7} §

1

9
pid

o)

o

i

=)
H

X0
o
mJ

W
r

ill]

27|

%RMS

gl
6.07+1.34
5.90+1.53

5.63+1.41
5.82+1.53

A
5.54+1.41
5.64+1.46

Z}F(Mean+SE)

A

AdT

p2

YA
TR

[e]

]

3L



=

p-value
0.000
0.030
0.941

18.029
4122
0.006

1.134
0.259
0.035

2.267
0.518

N

~

T* A

0.035

1

H

58 1
55 1
54 A
53
5.2

W 57 A
W5 -
]

62 -
6.1
59 4

ok

123

1op
KF
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Z|{Hweek)

W53 (Rt. vastus medialis)

* p<.05

(MVIC)

T
i
¢
mJ

"
blo

N
o}
¢+

N

o}
rJ

A
X

il
o]

il

Ed o]l 7] 3l

o] Wat=

T

=
T

5 4.40+1.26%,

4.26+£1.44% =

ke
T

4.31+£1.21%, 125

ke
T

4.23+1.44%, 125

ke
T

oA Abd 4.25+1.23%, 6F

2 ia

)

2Tt Al AR 4.15+1.45%, 65

7A
ol

A

7A
ol

Alr

¥
)
o]
ilN
B

HA HER THp<.05).

S

JEE BAOR 9

~
oW

rJ

B
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ki3

O
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26, 19 27).

Agejel A 2 )
Ao Ve

,umo
ol

il

Al

X
)
o]

i

%RMS

gl

AR

H

4.25+1.23 431+1.21 4.40+1.26

AdT

4.23+1.44 4.26+1.44

4.15+1.45

M

A 2} (Mean+SE)

Al

X
)
o]

i

p-value

!

0.000°

0.111 15.614

0.223

N

0.784 0.421
0.048

0.006

0.011

~

T* A

0.829

0.256

0.256

H

445 -

PEE
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KF

| IHweek)

* p<.05
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9] &34 Z(Rt. vastus lateralis)

(MVIC)

T
_ZTV
A=
i

"
Ho
0
o)
A=

N
o}
rJ
‘zfi
o)

X
[N
o]

[N

Eo]d 7]zt

T

=
T

5 4.74+1.17%,

4.67+1.57% =

ke
T

4.70+1.18%, 125

ke
T

4.62+1.58%, 125

ke
T

o] Wst= Aol AR 4.64£1.13%, 67

ol A AR 4.61+£1.56%, 65

Al 7]l

7A
ol

g

7A
T

g

X
)
o]
ilN
B

HA HER THp<.05).

S

5wt EALOR §9

7A
o

rJ

o

O

el
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Bo

Zpol 7k Al e, A7 sk

ki3

Aol 7t gl

ki3

9/]

g

X
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N

Aol A 2 W 7t
Aoz e

28, L% 28).

A
3t

7A
ol

A

¥
)
o]

i

%RMS

gl

AR

H

4.64+1.13 470+1.18 4.74+1.17

AdT

4.62+1.58 4.67£1.57

4.61+1.56

M

A 2} (Mean+SE)

A

X
[N
o]

i

p-value

!

0.044 17.503 0.000°

0.088

0.006 2.328 0.121

0.012

2

~

TxA]

0.071 0.012 0.912

0.071

H

* p<.05




4375

4.7 A

465 A

4.6 -

DLsk4d T (MVIC)

455

4.5

B. ¥3 %3 (balance ability)

1. =33 FL= AAGFHEA A AANSEC)ANA HH 435 H

a. ¥FFTAY U-¢(Med-Lat) BZ tid 58 &= ¥
Egolgdr|ztel w& Zt o] wtal R AASHHEA A Aol A -2
29 &o gt HA d#P e W= APdolA AR 7.29+2.25m/s, 65 %
6.63+2.31mn/s, 125 % 5.83+t1.98mm/s, THZwolA AFA 7.31+£1.36mn/s, 65 <
6.87+1.42mn/s, 12F F 6.59+1.53mn/s2 + o EFoA ALA, 65 125
@ go] FFHAT( 3F 29). 1F A7 WE W-¢] FE9 47—501] gk

o,

o

see) WakE BAE 4ot Aol 0E -9 Be) Suol OF TYsHe $AHe
2 OIS LebThp<05). W, Aol mE Zh E qbe) -9 ARe] St
FHEEE frole Aol7k glglom, Azistel I nAT FeelA 2w 2 P
o -9 Ao £Eo| g PR FAF Aol flE Ao LehITHE 3,



¥ 29. NSEC9] Edlold 7|7tel] w2 -9 Aze &% W3}

9] mn/s
Z A1 65 * 127
AgT 7.29+2.25 6.63%£2.31 5.83%£1.98
Nz 7.31£1.36 6.87+1.42 6.09+1.53
B+ E A 2 (Mean=SE), NSEC(normal standing eye close)
3£ 30. NSEColA -9 d=2e &% WatE WESHEAEA 23
T A= AT Y FAF F p-value
Al 3H 2 16.503 8.252 15.892 0.000"
T*A| Tk 2 2.036 1.018 1.961 0.169
T 1 2.469 2.469 0.267 0.610
* p<.05
g -
7
=8
-
_g 5
E 47
o 3
=, .
1
Q
AP 63 PES
7| {Hweek)

219 29 NSECHA -9 A=o] 4% Wss HuS48ars 47



b. 48 FA9 H-F(Ant-Post) B2 td 58 £&E W3}
Efeld7|ztel] wE 2} o] wral ffE AAEHA A AAed A d-F A
2o &£xo g AH dF e Wt APl AR 870£1.28m/s, 65 %
8.29+1.19mm/s, 125 F 7.24+1.05mm/s, THZwolA AFA 874+1.65mm/s, 65 <
8.24+1.53mn/s, 125 ¥ 7.96+153mn/sZ F + B5F AHA, 657 ¥, 125 FoA o
Fodol FFHAR(E 3. =3t A wmE HA-F AR SEo gt ¥dT
Hol Wats FAg A3 At e H-F AR &£kl tiE T HS SAXCR

FrolshAl et o (p<0b), ARkl me Zb o ko] H-% Amo) S tiE H YT

W 7} 3 gke] A% Ame] Hwo i @3

oft
olr
rlo
Jo
Lo
o
2
©
NS
e
s
po
o
fru
=
o
L

@9 mn/s
i ALA 65 ¥ 12 ¥
AT 8.70+1.28 8.29+1.19 7.24+1.05
Jx 8.74+1.65 8.24+1.53 7.96+1.53
B+ 3% A 2 (Mean+SE), NSEC(Normal Standing Eye Close)
32. NSECelA H-% F=me] &&= WH3tE wtESA34EY 43
TE A= A& 3 A F F p-value
Al ZF 2 17.675 8.837 51.046 0.000"
T*A| 7F 2 2.483 1.242 7.171 0.007"
T 1 1.190 1.190 0.219 0.644
* p<.05
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71 {Hweek)

_5
T

13 30. NSECell A

T8 S ¥3}

§-_]__

c. 48 A9 23U 9 Y (velocity moment) FZol| o

Z] o]
-1 u

A A Az A &

2 A A5

ar
=

B

il

oA ALA 25.27+2.69mr

JIL

Jo
o
)
T

ruze]

o

W
4r

o}
TO
3r

Bo

22.00+3.35mr/s, Aol Al AR 25.49+4.46

= T
T

24.09+3.33mr/s, 12

ke
T

/s, 67

24.36£4.49m/s, 125 % 23.79t4.36mr/s=

ke
T

mt/s, 65

00

W

Al HER 0. (p<.05), A7kl uwh

o5

=

i=R

EAA

ol

Jo

ill]

B

Bt tHp<.05). wF

34,

A
Rid

zpol 7t gli= A= e TR

ki3
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=3
()
W
Z,
0P}
&
@)
Lo
[m
o
©
ol
N
)
=2
oo
>
juled
o2
18
o,
fru
Lo
apx
o
rE
Jou

9] /s
T AHA 657 ¥ 12 ¥
AT 20.27+2.69 24.09+3.33 22.00£3.35
Jx 25.49+4.46 24.36+4.49 23.79+4.36

i+ F A2 (MeanzSE), NSEC(Normal Standing Eye Close)

TE A= A& 3T A F F p-value
Al ZF 2 36.66 43.332 38.432 0.000"
T*A| 7F 2 11.120 5.560 4931 0.022°
T 1 12.039 12.039 0.286 0.597
* p<.05
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24 -
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L
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3 Y EY(velocity moment)
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7|{Hweek)

1 31 NSECOlA 249 49 4= £ Wsts iasAgeqtsy 23



=
9 Y-¢ (Med-Lat) Z2d dg 58 &% WA
Efolyd 7zt mE 7zt 79 Fgu sEwg AEHA A zFA A -

of dre Sk tid A dFFeHe] Wik Aol AP 36.77+3.94mn/s,
6F ¥ 34.96+£3.22mn/s, 125 F 32.22+2.89mn/s, thZ=w ol Al AFH 36.49+4.02mm/s,
6+ ¥ 34.81+4.33mn/s, 12 34.12+4.27m/s=2 F o EF A, 6

2 *
FolA FHSEo]l FAHAKE B). 27 SAA)0) wE -9 Ao
ach &

N3 sk ARl e -9 ARel g TISEL 5
& el

3 35. OLREC®] Egeold 7zt & -9 H=29 £& W)

@9 mn/s
i ALA 65 ¥ 12 ¥
AT 36.77+3.94 34.96+3.22 32.22+2.89
HzT 36.49+4.02 34.81+4.33 34.12+4.27
B+ X A2 (Mean=SE), OLREC(One Leg Right Eye Close)
36. OLRECe A -9 A =9 &% WstE w3 dihtA 23
T A& A F ¥ 3 A F F p-value
Al ZF 2 167.679 83.839 55.305 0.000"
T*A| 7F 2 20.919 10.459 6.900 0.007"
T 1 5.052 5.052 0.124 0.727

* p<.05



38
37 1
36
35
34
33 1
32 1
31 T
30 +
29

Li-2| (med-kt)

.48 FAY H-F(Ant-Post) FE U T8 &= A3
EFolyd 7|t mE 7 7o w4 e ]XIo}Ui/q A Ao A A
-5 AR Hxd de A4 d¥HeH Wshe APelA] AR 38.74+3.47mn
/s, 65 % 37.40%3.28mn/s, 125 § 34.69+2.41mn/s, ) Z=-o A AFZ 38.84+6.00
mn/s, 65 § 37.32+5.68mm/s, 125 ¥ 36.39£5.60mm/s= F+ T EF A}

:_.
o}
N
a
o
o)
=t
oft
ofr
L)
-
ofN
N
)
QL

@9 mn/s
Fin ALA 65 ¥ 125 ¥
AT 38.74+3.47 37.40+3.28 34.69+2.41
JxT 38.84+6.00 37.32+5.68 36.39+5.60

i+ ¥ FH 2 (Mean+SE), OLREC(One Leg Right Eye Close)



TE A= A& 3T AF F p-value
Al ZF 2 148.934 74.467 41.993 0.000"
T*A| 7F 2 13.382 6.691 3.773 0.035"
T 1 6.972 6.972 0.115 0.737
* p<.05

40 -
39 -
38 -
37 -
36 -
35 -
34 -
33 -
32

- Z (ant-post)

1% 33. OLRECO| A A-% A= £& ¥slE S EAEA 23

Edolg 7zt wE 7t o wHan 22WE XA A AACA 2H
Fdo Adre] FEol e FAdF e wahs Aol APd 338.37+80.27mi/s,
65 § 335.73+81.51mr/s, 12 % 314.76+86.64mi/s, thzwroll A AL 338.75+55.69
mi/s, 6 - 329.36+57.54mn/s, 125 § 329.11#55.92mr/s= F+ = EF AMH, 65

%]

ATHIE 39). 77k ZAA| 7)o w2 £xel 9
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HA WERTHp<.05).

Hol3

FARCE

=R
I

JJo

40, 19 34).

A
3t

2 Ui

,HO

39. OLREC®] Ed ]

A
3t

9] m/s

AR

iy

338.37+80.27 335.73+£81.51 314.76+86.64

AdT

329.36+57.54 329.11+£55.92

338.75+55.69

M

H 2} (Mean+SE), OLREC(One Leg Right Eye Close)

40. OLREC®I| A

A
Rid

p-value

iz

0.000°
0.007"

16.821
6.624

1983.878

3967.756

2
2

781.253

1562.506

i~

T* A

162.686 162.686 0.011 0.917

1

]

{0k
Kk

* p<.05
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4o Az
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1% 34. OLRECIA &



AR &m0 3 FA P Was Al AR 43.99+7.42m/s, 65
T 42.03+8.66mn/s, 125 F 41.28+8.13mn/s, &l A AbA 44.30+9.42m/s, 65
T 42.41£948m/s, 125 F  41.24£9.41m/s2 F o+ EF ALY, 65 F, 12F F
oA @ Tl SIFSIATHIE 41). ¥k SHA el mE J-9] HRe| &= 1
st T Bsls BAS Ay Azt w2 -9 ARe| &kl ik 7Ty
o)Al VERETHP<06). WA, ARk w2 Zb i 7] -] AR
B SAMSE FostA ztol7b gilom, Axbdste] S B
4ok Al B o 7 7 ko] ul-9] AR &k dig wHed

.

o

rlo
Jo
o
ot
)
o,

¥ 41. OLLECS] A 57|37t & -9 A= &= W3}

@9 mn/s
i ALA 65 ¥ 12 ¥
AT 43.99+7.42 42.03+8.66 41.28+8.13
Jx 44.30+9.42 42.41+9.48 41.24+9.41
P+ X A2 (Mean=SE), OLLEC(One Leg Left Eye Close)
3 42. OLLECOIA -9 A= &£k Wsts vEZHEEA 23t
TE A= A& 3 A F F p-value
Al ZF 2 120.666 60.333 22.417 0.000"
T*A| 7F 2 0.678 0.395 0.126 0.852
T 1 0.964 0.964 0.004 0.948
* p<.05



45 -

44 -

43 -

42 4

41 A

Li-2|(med-kt)

40

39

AFE 6

7% 35. OLLECOl A l-9] Z2e] % Mg Muagries 43

b. &8 FA9 A-F(Ant-Post) =29 T3 2 &% ¥3}

Edoly 7|ztel W& 7 aY w3 IR A A stHA A Aol A d-5 A
2o &ro g AA d¥ Y Wzt APl AR 4590+7.11m/s, 6F §
4391+7.95mn/s, 125 ¥ 42.71+7.80mm/s, ZTo A AFA 46.19+49.11mm/s, 6F
44.26%9.06mn/s, 125 % 42/72#957m/sZ F o EF AMH, 657 ¥, 125 Fo A
TE o]l FFEJATHGE 43). 3 SBA7] e HA-%F F=e] £ thgk
99 WstE A% A Al mE A-F AR £ digh #¥sEe A S

¥ 43. OLLECY Edgo|yd7|7te] mE A-% Az &% W3}

91t mn/s
T ARA 65 ¥ 125 ¥
AYT 45.90+7.11 43.91+£7.95 42.71+7.80
JxT 46.19+£9.11 44.26+9.05 42.72+9.57

i+ ¥ FH 2 (Mean+SE), OLLEC(One Leg Left Eye Close)



3% 44. OLLECOIA A-% H=2e] £&% WslE wiE S EAEA 2

T A= A F ¥ 3 A F F p-value
Az 2 156.399 78.200 36.059 0.000"
T*A| 7k 2 0.452 0.226 0.104 0.870
T 1 0.943 0.943 0.004 0.947
* p<.0b

e C e e
47
46

#- X (ant-post)
b
[¥X)

42
41
40
AP e 1255
?|1ZHweek)

19 36. OLLECOIA A-F A2 £x WH3Z wtB=giina 4}

e Zh o] s R AASHA A AAlA FA S

et A4 T Wl AdurelA AR 361.13£92.83mi/s,

67 % 351.67+95.47mi/s, 127 % 345.53+97.57mi/s, thZx oAl Abd 362.42+72.73

mt/s, 6 & 358.89+70.68mr/s, 125 F 353.16+70.51mt/s= F ¥+ EF AFA, 65
]



9 m/s

46, 1% 37).

A
3t

2ol 7h gl Aoz YERITH

o]
45. OLLECY] E#o]yd 7]

A
3t

AR

H

351.67+95.47 345.53+97.57

361.13+92.83

AdT

358.89+70.68 353.16+70.51

362.42+72.73

M

p-value
0.000"
0.067

OLLEC(One Leg Left Eye Close)

H 2} (Mean+SE),

46. OLLEC® A

A
Rid

36.070
2.930

2 2165.282 1082.641
0.029

2
1

N

87.939
607.510

175.878
607.510

~

T* A

0.867

H

1k

ey
I

fop

At

=} X5 [ ] i =] [%5]
Lo u u = =t 1]
23] 23] 2] g ] g ] L1 ]

(awow Ao g RS

* p<.05
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4. 3 ¥¢¥9%H

a. ¥ TAHY U-9(Med-Lat) B2 U3 52 A ¥
Edoly 7|3t wE Z} o] -9 Az Aol tiE w4 HFd e
Hele= Aol AFA 912.32+29545mm, 657 F 904.66+293.60mm, 125 F
866.81+270.13mm, thZw ol A AFA 886.99+264.83mm, 67 & 885.16+275.17mm, 12

F % 846.69+262.20mE T T ALA, 6% F, 12F Fo|A w@S Yol ¥

Lo

_‘
o

FE AT A7), =7 S wE -] AR Aol tig HdeEe] W
b2 24 A ARl wE -9 A=l Aol E #deHS FAHE

A HERETHp<05). RE, AJZEell whE 2} o ko] wi-o] AFme] Aol it
TS AR Fo7t Aol glolon, AZbAste] JFS HAT AEielA

Eou) Zh o 3o ui-o] Az Aol tig #EeH2 fold 2ot fle Aew

R 47 74 ddeHA Edold 7|zl wE -9 Az A W3}

i mm
T AHA 65 ¥ 12 ¥
AT 912.32+295.45 904.66+293.60 866.81+270.13
Jx 336.99+264.83 885.16+275.17 846.69+262.29

1+ % A2 (Mean+SE)

48 5H BRYA U9 dzel Ae WEHE MBIARARY A

TE A= A& 3T A F F p-value
Al ZF 2 30983.773 15491.887 8.703 0.001"
T*A| 7F 2 143.652 71.826 0.040 0.945
T 1 9847.503 9847.503 0.043 0.837
* p<.05



-y —E-rE7

920 -

900 -
E 880 -
3
E B60 -
™
Y B40 -
=T,

820 -

800

ArE e 125
7| 7Hweek)
a9 38 T4 wdsgEe] Y- FARe A HIE RS EAEA Ay

b. &8 F4H9 HA-F(Ant-Post) FZ9 3 T2 A W3}
Ego]dr)zte] w2 7t o] H-Fo AR A ug 54 wHFH | Wshs
ol A AFA 919.83+307.84mm, 67 ¢ 824.95+297.25mm, 127 F 740.30+290.01mm,
ol A AR 882.86+271.04mm, 67 & 851.89+288.10mm, 125 ¥ 845.85+286.29
o B AR, 67 %, 125 FeA dE o] FAAHATHEE 49). o3
A7l e A-Fo] AR Age] ugt dPee %ﬂ% A Avl A7t
-5 ARl Aol U #dsde FAXHE fFolshA vER o (p<.0b),
AlZre w2 ZE o 7o H-F AR Aol dig #3% 5

UERSTHP<.05). WHE, Az ste] daks BAsh AeolA B o 7h o ko] -5 A
29 Ao gt #F 5L Fo Aot §lE A& et 50, 1 39).

aém*

?uw

=
h

o

k=)
i

p

# 49 A dF T AN Edold 73t mE d-F Adre] AL W}

@9 mm
T AHA 65 ¥ 12 ¥
AT 919.83+307.84 824.95+297.25 740.30+£290.01
Jx 882.86+271.04 851.89+288.10 845.85+286.29




3T A &

165549.619
71345.602

21286.950

82774.810

35672.801

21286.950

43.568

18.776

0.085

T 1

* p<.05
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400 +

H- E (ant-post)

200 -

(=

c. &8 FAHAA &30 AF(distance)ol H
Edo|d7Iztel W& ZF o] Rl Al tid =4
A AP 1305.84+391.51mm, 65 1192.39+340.63mm, 12~
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1264.81+309.11

M
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A 2} (Mean+SE)
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C. 71%3 %8 (functional ability)

1. 7}8] £ 7} (carioca) &

Edoldr)ztl we 7t wo Ao wdel Wt APTolA AA

o)ak 7l el THp<.05). Wk, Algbe] mE 7
Folg Aol7h filom, Arhastel JFe uA A 2w 72 7 e 717

07} e feld Aol7t gl Ao UEETE 54, 19 4D).

9] sec
i ALA 67 ¥ 125 &
AT 7.51£0.54 6.67£0.29 6.03+£0.27
Pxz 7.56+£0.43 6.80+£0.40 6.21£0.25
9 i+ 3% A 2} (MeantSE)
% 54 77t s WHEE MESAHIAEA A7
T 245 A FE BT AF F p-value
Al 7+ 2 28177 14.089 137.480 0.000"
T *A| 7+ 2 0.061 0.030 0.296 0.712
By 1 0.289 1.292 0.266
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TE A= A& 3T AF F p-value
Al ZF 2 5.988 2.994 20.123 0.000"
T*A| 7F 2 0.460 0.230 1.547 0.227
T 1 0.629 0.629 0.619 0.438
* p<.05
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