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<Abstract>

The purpose of this study was to compare the effects of knee joint position sense following local and
general load protocols in 25 healthy male subjects. Proprioception of the knee joint was evaluated by
measuring absolute angular errors at matching angles before, after and between 2 different types of load
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protocols. Proprioception tests{on the dominant knee) were performed in which proprioception of the passive-
passive reproduced and active-active reproduced knee position was measured. Local load was provided with
maximum isokinetic knee extension-flexion on the isokinetic dynamometer(Cybex), and general load was 10
minutes running on a treadmill. Peak torque(knee extension and flexion) and heart rate(beats per minute) was
evaluated as an indicator of local and general fatigue during load protocols.

The results were as follows:

1. For pasive-pasive reproduced knee position test, significant difference in absolute angular errors after
general load protocol was detected compared with that before general load protocol(P<.05), significant
difference in absolute angular errors after local load protocol was detected compared with that before local
load protocol(P<.05). However, no significant difference in absolute angular errors of general load protocol
was detected compared with that of local load protocol (P>.05), no significant difference in absolute angular
errors of local load protocol was detected compared with that of general load protocol(P>.05).

2. For active-active reproduced knee position test, significant difference in absolute angular errors after
general load protocol was detected compared with that before general load protocol(P<.05), significant
difference in absolute angular errors after local load protocol was detected compared with that before local
load protocol (P<.05). Also, significant difference in absolute angular errors of general load protocol was
detected compared with that of local load protocol(P<.05), significant difference in absolute angular errors of
local load protocol was detected compared with that of general load protocol(P<.05).

3. A significant decrease of peak torque of knee extensors and flexors was seen after local load, although
heart rate was significantly increased(P<.05). No significant change of peak torque of knee extensors and
flexors was seen after general load(P>.05), although heart rate was also significantly increased(P<.05).

The previous study revealed that knee proprioception is significantly altered when the muscle
mechanoreceptors are dysfunctional due to muscle fatigue, although the joint mechanoreceptors have no
significantly effect on knee proprioception when the presence of knee muscle fatigue. However, the results of
this study are different from those of the previous study in that muscle weakness of the knee could not be seen
after general load. This study shows that general load may diminish motor control by the central nervous
system. Proprioceptional decline without muscle weakness of knee after general load suggests a change in the
proprioceptional pathway without influence from muscle mechanoreceptors..

Key Words : Functional MRI, Motor recovery, Cortical reorganization.

1. & (heaviness sense) 2 H7iEI oY F2de &5 24

: ZAAHkinesthetic sense)et #3d 94 742 FAt(oint

8484 7hhe 1800d Y & ¥ 71 2 9k g position sense)7t F8&& H7} 7IFo] Hu Ut

Z+e H7}alr] §13 27) whio 2 3] AY|E AR e (Hopper &, 2003: Lephart &, 1997: Lin, 2005:

22} AAH(force sense)$t TAE A ste 7t A Swanik %, 2004: Uchio &, 2003; Willems ¥,
2002).
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2] 2¥2} (position sense)& A4A 8 glo] 2+ Al
A& X8 Hrksle $82R 2 $47] (muscular
receptor), 2 $8&7)l(tendon receptor), #A F£7|
(articular receptor), ¥ % 4&7](cutaneous
receptor)oll 93 23 HtH(Bouet®} Gahery, 2000).
ol 7t 47|71 A MR & F4A FE o
& gl e =go] YA, °o|§ F 2 7717t T2
Aug 99X Ag A sk AT 8L = Ao
2 99A g3, 94X ZHe FFA dgL vE ¢
de 289 715d A" A3 FAFA €9
(Birmingham ¥, 1998: Docherty 5, 2004; Friden
%, 2001: Hewitt ¥, 2002 Katayama 5, 2004).

&% 223 (kinesthetic sensibility) & 24 s
ZasAg 71710 AA] 5o FUHdE) Euzetsd
Gahery(1998)« A4 &5 AFES Bz ¢
T 2 F4718 AHA o2 SFAT = A 94 9
A zte] AAAAE AT sien, 28 2
AAQ % FH-E PINTNAT o] 5o] A2} F Ao
nX)e Gkl B} AT UFEF AF oK (Barrack
%5, 1984; Euzet®} Gahery, 1995: Pedersen %,
1999: Sharpe¢} Miles, 1993).

32 g9 94 B2 938t uf58y e
A 7153 P S sk 8% 98-S s
Aoz A1 Ut (Miura 5, 2004; Tsuda &,
2001). 71A1A 4-87]{mechanical receptor)?! LG5
84 A A7 401 B, 2%, A, 32, U
o £¥31 glo] B F4HE 714 Fa3E A4
A7t AR 2 Agele FRARFAR Adse 7HEEH A
73 48oltH(Grigg, 1994: Kennedy %, 1982: Lee
5. 2003). o] FAY 2% R B 253 @
Ao Ao diF A2 velsld £5 T2 W) B
gslo] 50l AFeA FYHEES st 55 MY
24 24 g A9l 1@ (Lephart E, 1997). 343
2l #do 91 FAzte F3AY 25 e AHY
5 E 98 NizA] gasing,

2HHAA a2 V2L 289 74 $87159
A 71%% BA4-& oA A dEAT2d 283 A7 7
A2F 47 A7, AAEQ A4 §EoE op|He
AR d2e T8 A 2F A5 242
HFAEQ &% 2EE A7l o8 @ AL
% A9 dile B F9 24 2EHAE B S
71EA71Y 533 4algdd A9 74A] 4 vla

HSharma &, 1997). 92 5o I8 28584 2
Ze] Asle B 9 A 5o AR 23 &3 4™l
Z7kta, 53 79 7] 59 o8 &5 F5eAM A
7] FNtRe] A 284 &5 &4 W&ol Fista Ut
(Lattanzio %, 1997 Lattanzio$} Petrella, 1998:
Skinner ¥, 1986: Tuggy$} Ong. 2000: Zemphler,
1989).

AX 72 nf/eeAd 24 Brlshke oz A
Zt3} £2 AHE ALt $FH e £FHoE 9F
T B Axg 9E APshs ol AMdE e, Ad
He 349 4= 2AHE ol 881 17584 72 W
g #EE # gith A8 A7A sz F B 93
Zzte] W37l dojdttn B8 Bouetst
Gahery(2000) A4 E 3oz 5% 4= 2
A & Aldd ARA e A3 o] £33
A Az} W3 E Yoie A3, £9d A4 A 3
Aol FAEUTT BudglR, Voight §(1996)& 2
g2 A7 Fo $53, 68 FAz 4% & Ads)
£ ATE AP 27, 22 2 A Jo FH F
= Ad3e] AP Aol & BAHH T, 28} Sterner
5(1998) 2924 ©E I {58 #4S
A %9 553 437 T3 AY, 22z 54
AR %8 A2 Q7T A3, /584 7
FEFE xR getin Badte Voight $(1996)9)
AT Azte} AEAY} Miura $(2004)2 Z4% 2
3 A4 AR Fo LHFEY A4 Hdke g G
RA T, AR 73 AL A Foe nhiedd 7
o) ¥y} FEH A% B st

uebA o] AT SHEE ddes F&H] 59
o F44 Rt a2ln A A4 g o3 A
A B3 ALt 31 A& A7 Fo) £8H X
Zrzre] s fEslal 42 Yaiel ANA Byl
84 22 A A vA = S ot nAt jie

I. A7UY

2

1. o7 cHA 3 A7 712k

2 FTE7IE 28S FFAIE 299 Hde
doz e AdE AAFE F, BAHE #4381 2005
d 195 E 20059 397A AA A3 B A 25
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BE e AR, A7 A A3 =he
$4 3R 2. 8FolH, AAY FX 8538 EFHT
133, £33, S84 € 44 ¥Hd &3l 9la.
AR7E ARA AR 3454 Pu AR AT 53
3 AY S $E3] oldlsta AEH e R AR A
Qe s

2. gy

)HE =7

IHFEA A AAE 4T Avle 2 4= of
321 A3 E YAgslshes MP150(Biopac System
Inc, US.A)% ¥4 £5 258 235k A3
(electrogoniometer) & AH&-8t1th. AAM&2t7] (Biopac
System Inc, U.S.A.)e T A= %47 (electrical
potentiometer) %t ©|R & VA= £54UR FAHA
Aok, Az B4l AT A £33 2 uiE o}
ol Hejz2 7 a3dld 233 AAS e B
HYAE g2 N2 Ads Tt o] AGd ohd
21 A3E MP15022 BuUlA. tAd Az Ags
o, ol¢} 4ZE JQNE AFE ) WFE dAE N3 ¥
A Z2 1% (acqgknowledge £ZEHo)& AHg5t] ¥
g3 Ag Al 359 vlolHE A4tsr] ¢ Jlet 4
2 g gt dolH gsle Volt2 HAEed ojRe
AAAA #d 2AY F=o} 5L F3HE 3loiH,
Zt A %] B2 32 E(sampling rate)-& 60H:0]2 1.5
2] A9 E3HE (low pass filter) & YK ™1),

2) B3 A 2 AL

A7 ddxe €23 2374 A AR EFEF H
AT AAHZ 2z gtz Al AFE 2esly] s
e e 83 on, A 3AH AFE A
7] S8l FE Aol H=ES FE3le] AF #He) &
&g AA

15584 22 FAle 8% 43-5% AF Hal
(passive-passive reproduced test)$} %% 43-%%
A ZHAHactive-active reproduced test)E 2Asta
o F4F Yot AN et A 857 A Fof &
FEAD. AUH RFale T A 028 AAN]
A8 F43F 73 4@ 5 2F o3 FAVE A
% 2 g8l cH(Skinner 5. 1986).

% A3-%F Ad Are 48 9935z ¢

oA 45 Alole] B g AAslm 323 FXI8A
T A% E 713 EE s o) W ddR ok} AFH
ol AZ¥ vEE 8 tAds 8 dd AxE 533
ek, &, o] AL Aat FZ7|oA HEgd £BE &
Zgle] 2L dFo R AR AT AHFH U
HAHES 3to, BE ko TH3HE 9 A}
HAFE AT Fad AN} A4 Aije] ute) HejFo]
ol #4 Zwrt 23dEch. 53 F oidAke 343 4
A AR Sole) 1027 FHE A 1 F 49
A7 502 122 10° A5 AEEE FFHA
AAdhe B2t A A 719§ B4 s =2
A o wigdS =8 UAEs § 23 458 3%
Aok, AL Al BAA ASE HAaslsl] S8 o3t
w7 B A 7pE FAZ AFE 37 FEY
(pneumatic compression cuff) Z ZAIH o}l tlald
R Lee 5, 2003). A7t 371 FHUE R
YA £22 AR AASI 52z 3EE A
AslAa A3 A A A2 AR A #A A 739
P 22 =g FHsu (2 1.

% A4%-5% A dAe ddA §8He=20°
oA 45 ° Alolo] #d AR E AT 323 FA8A
23 4xE JI9et=S st o] W oAt okl AFE
o 4Z2¢ wgS 8 vxds © 34 4xg 233
Ak 10 F2 ¥ o] $FAHLE 5% o] 1 ¥4
A=g AR} 9 e ¥ 238 ¥ 4=
36l A3 A 24 49 AP A #d 4% 719
HAF 03 A= g FAIGUKaA 1).

1HF84 2 AAe 4 el dal Ret A4
=7) Az 237t A8 Foll 3304 Wk Zgsted B
$E A8 B4 A8 HLee 5, 2003). 74 A
5% 2 558 49A] Soker) HAE €M 77
9 A2 Ag=Een b A U Ba A%e §Y
? N2 F LU

3) T4 23l H 4

F43 H3}(local load)x Cybex(Norm-Cybex
international Inc, U.S.A)¢} ojs} d44€ ZAFH
(TEF-modular component, U.S.A)E ©]&3on],
42k Cybex 2lAtel] gkobr &) 074 90°
9 el 232 120° 9 442 £3d AA9 239
544 5% 3 L3A(Kazutomo &, 2004). ti%
Ao Huigte] Foz 554 58 59 AY3ES
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a3 olnf] A AR AL A B2 g2
st o] Fol 4091 60217HR) A&4H 0T F&A &
28 Agshe B¢t Hd B3 gho] 50% °l3tE EoiA
EARS 1Fo2 53 o ESln A4H AY B
3 g9 50% o137k 53 ol A& AA7HA] wHEA
o2 AL F3t AL F 3% ojuld ¥ A4 #
Z} AL AA AR, Ba A Fo A@H 239 F
o E3 g3 UDEX I (UEDA Electronic works,
Japan) & AHgstd] Auteg st 79 ¥ 2
A 2857 F28 343891, Yo & o 78
o] Eeky & Byt

4 AN ¥t A4

A A B3} (general load)e Ed°]=2 (TUNTURI
T-85F, Finland)& AHE38ld 10%9] AR A%
10kme] £52 108 Foto 227|& F4sion
(Miura 5 2004), ole 2% 32 ¥ gohsl Al

Al (cardiovascular system)ol] Al H2E ¥g3}
71 918l Aotk 338t A4 3 3% oo B4 43X 3
Zt A AXFAR, o E3 g A g 3438
Aok 3 F 2E QAAE JHE 3&5 Al sz2E
Fhsg oy aAld 2853 A& o 739 Bt
Bojx| gttt

3. 2oy

Ao

2yt 4457 A F423 B § AdA Ry}
A4d 3o 28 AAF S Ho B2 g3 A
& v mdtz] A8 e 4 4 (one-way
ANOVA)E AAEIQT F44 Ratel A F3}d
g 23t Azt o) #A YA e Wzl ol vt
EZ3 BAl B4(2-way repeated ANOVA)E o] 83
9o}, BE 2Me 9592 SPSS 12.08 o £3i 1,

Q- 1) B $i%) 22 HALE A HA EF

0. A7Zz

2 AYL F 2599 dAE ez st A
AL 20~294 71 167 (64%). 30~39417} 99

1. o7 CHARXIS) YubEiol SN
A

(36%)°19, A% BXe 2044A 394 7Nz B
28.0(+4.44)A olAck. ti=k A78-e 160~169cm7}
3%(12%). 170~179cm7} 1998 (76%)°lat, 12in
180~189cm7} 3% (12%)22 A% ¥Xe B
174.32(£4.20)cm ©lth. A FFAE 60~69kg
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o] T(28%). 70~T79%gel 1498 (56%)°]3, L
80~89kgeol 44 (16%)o2 EFFA ¥Xe %

(E 1) 97 tigxtel o], A% & &7

73.44(15.88)kg ©13t}.

vel A% 257
LA 54(n=25)
(BF+EZH) 28.0(+4.44) 174.32(+4.20) 73.44(+5.88)
2. %8t ® - $o| Ar) £3 a4z A 2ol vlm % T4 Rash AAA Fatel vaoln 2}

<34 Az 23] A B3 e ¥t H e
7] Adle 242} 96.72(+17.87)7 61.48(26.23)H 1L,
Zad 2alrt A48 Folle 43.40(+8.89), 31.08(+
6.96)clm, aEla AAH Ryt d4E Fde
96.20(£18.72), 61.56(5.71)°]Ath. dgu)x) 4t
AL 59 429 HTue vimdA SARH2 &
g 2}o] Z HATHETA AAF=93972, P05, &
T 2FF=193.428, P(.05). €34 4x3 F349]
Ho B3 ol g AMF AP oA 23 dat 274 7

(E 1) 2 Fstol g 2" MWD 23| 2 23 gt & Hups

Zt FAEH oz fojt AolE BY2H(P(.05), F3t
Aat A Fate vlaeld e BAGHLZ ol % A
o€ HolA] gkeH(P).05).

Aetre Rah 2857) Wolle 64.04(16.94)°]%
I, F2F R A4E Fole 109.68(£8.88)01H,
a3 ANA F37h 488 Tl 158.80 (+4.48)
olFth. Ui 4 BHE BT 47 HId@ v
TN FAFHLZ K947 AolE RHY
o} (F=378.429, PX.05). Alutsroll i@ AME HA A
Z4zte] Wgol] i3l 1@ 2ol & HATHPK.05).

(29l 2= o defs)

= 53t A 47 ¥t A A yat
Ay 2323k 83 43
96.72(+17.87 43.40(+8.89) * 96.20(£18.72
(Bg+EFHAD F=93.972 (P{.05) ( ) ( ) ( )
e¥d 5 61.48(+6.23) 31.08(£6.96) * 61.56(£5.71)
F=193.428 (P(.05) T R T
A e F=378.429(F(.05) 64.04(+6.94)  109.68(+8.88) * 158.80(+4.48) *
(BAF+EFUA)
*p<.05

=Y 3%

|V

(@8 1) 2 S3iol e 2P AHY 2T
o) £ 7t W Aol Hst
(BT L EFH)
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3. #31 Yejol| e 2 X[ A2l ¥

TF AR-TF A FAlA 343 ¥ A2
3.46(+2.05), §3t F& 4.32(£2.25)2 Z350]
0.86(volt)e] ¥d Zx= 2/E BHArt AUH wa A
& 3.38(£2.09), ¥3 F& 4.95(x2.16)2 FH =]
1.57(volt)l ¥2 4% 278 H4. 73 (54
A 531, AU Foho] wE B A 279 279
Me SARHSR felakA] FUR(F(1, 24)=0.627),
5ot A Fol]l B o F HsldM e FARH 2 R
& Aojg EHRTHF(1, 24)=13.150). 73t ¥} ¥
3 At Fo] o Foll i A5 A8 A= FAHCE

et FRTHF(L, 24)=2.122).

% A%-%F AW AAAAN 24 Fa AL
3.56(£2.12), ¥8 F+ 3.60(+1.75)2 &3
0.04(volt)e] #d Zt= 2 /& By} A4A »3 A
< 3.74(£1.68), %3t F& 5.39(x1.53)2 F35
1.65(volt)s] ¥4 = 2 {E Bt §3} Fejo
€ ¥4 93 349 eRdM e SATHE frA @ A
°]e EA(F(1, 24)=12.655), ¥3 A3 Fol gt

Wbz SATHE FF Aol EAY
(F(l 24)=8.436). -3t B} F31 A3 F9] 27/
W& 22 2 Bde FAYHLE 7@ Ao]E BY
tHF(1, 24)=0.9.385).

(B 1) 235 geli AL witHoll mp2 A 9ix| & Fuist (e 2720%)
227 23 AN 33t
e e Fa ey
R
3.46(£2.05)  4.32(+2.25) 3.38(+2.09) 4.95(+£2.16)
(B + EZUA)
555
356(£2.12)  3.60(+1.75) 3.74(+1.68) 5.39(1.53)
(FF+EZBA)
(E ) T 9% 2zte] 20| tist ANOVAS| ZT} -
A Al &8 Asd 2HrE HHEAF F P
2224 1.899 1 1.899 0.627 0.436
4% 4%/
Pt A% 37.112 1 37.112 13.150 0.001
e 33 g 3.168 1 3.168 2.122 0.158
B 24.216 1 24.216 12.655 0.002

TE A3/
e A A% 17.682 1 17.682 8.436 0.008
oo AT 45 atg 16.152 1 16.152 9.385 0.005

.

. AE 1) 5 MH-4S ME ZAtoAS]

; I x| 2ze| o
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woit

2N w3 Aoy 3

axpdtd
sxsy

(28 ) 55 4855 M ZAlol42
Y 9Ix Yol 2F

V.1 #

B AFlM 343 ko] A2 273 120° 9 44
T2 408 ol wHEEle] A B3 gke] 50% °ldivt
2 o 74X &dde 3T AT T8 5T 3
£33, A4alA Rt Bl S AMEEl 10%9)
AR AITE 10kee] $E2 108 T 9718 &
39t} (BouettGahery, 2000 Miura 5, 2004:
Voight &, 1996). QA 312 A 3] Y& =7
g Egle]l=dol} ARAA F8A (cycle ergometer)
o] AHEE 3 YA AHA FHAE F2 tde] 28]
AgEta vy AL Ak AR RE 978 F2H 2
% Y2 o5 $£5E¢ 398 5 W A AU
TUY F3E FLp] 9a Edol=Zg Agsytt
(Miura 5, 2004). #d) £2 g3} Ao4g 2 R}
AL 5 The ANA s2e) 3§ golry] 4
3 Z3s%0en Hu E4 ge ¥4 2889 T44
25 wdPy, Autre A8HA Y AAA g2 0
FR AU 73 F Q) HEE e 9
& AL e AAxE, b, 89 59 22 AEn
A 71% 24 HEE 2 3F Vs 3854 7% A4
o} Abx A%, EY AN s dAlY g dAt
et 2 & d3eM e Aukent 23815 ole
Fae [ Ba F eqde] 4 9X) 742 Ak
At HALg BAl sk Al Aol
A7 " Zolt}. Sinacore 5(1994)& &% H3l ¥ 3
e ma7 dshed R 30294 60 ¢t AEE
2 29 2(initial torque output)®l 69%°lx} 75%7}+

A HAEEE Bol9, 3M 4% Fole Hz EFA%
90%°14 95%71A] 3Egcin gt e B A7
qAe Rzt Hed F m27 HEHE A g 4
T oAk 75U 53 -E s 3% oo RE A}
£ vhHh. Marks® Quinney (1993)& 85849
o3t o g AT FH A% gty AHE N AY
o} a2y £ AgdAe 44 ¥3 F 2F 319] 14
< 51 ANF RaE 437 Wil 71937 gl
¥ A 583 34N A2 A4dd

Lattanzino 5(1998)2 2f484 42 8l €4
Aol 4% 27 o] NSy YAEL BE £F
Halo dig] H5E4 2AE T F AR ed A
E& n8584 Zavt fosHAl =R gtk 8t
o 2 AT FAEE A7 A= AU

243 B Ay Fof Ao E= ghe 94 43y
2FAN gz BAFez {o3t Aol & Holw 50%
o] AstERom (F=93.972, P(.05: F=193.428,
P05), Avtee F42 231 A F9 A47F 13
¥, 4z} 64.04(£6.94), 109.68(£8.88), 18=n
158.80(+4.48)2 432 Ro§ zlo]E HYch
ol TAF R3 ¥ A EA P2 Az A
F7r8l FAA w27} @i, AAA R 3
o 3 gke 2} A folgt 2ol & Bolx ¢gty 4
e ool ol Frkste] A4AlA w271 gA sttt
HoEe

B4 e o F e 4 Faho) AR HE £ 9
2] 77 Zt=g 334 wHE 235l vebd 1 g3 kol
v Z4z} B3} A ¥ E 9 tH(Tsuda 5, 2001). £ 4
TN % A-F% AP AN T3 Fake] 5
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47 AAA Fale) 342 22 0.86, 1.579 #A 4
A Zg LFE Bol AAF 731e] Agol i B 2
FE BAt =3 55 43-5%F A FANIA F43
F3te] A8-3 AN H3le] 4L 742 0.04, 1.659]
B8 9 4 L R/E B T47 B3l AL ¥4
A e o7 AolE A HolR] e whd, A
Fate] A48 oA Raje] A 4W ¢ ot 5 4
A-% Ad AAA Bok o & 278 EYo o
A o] ATE & o I3 ¥3e] A4 B diF B
3ke) Ago] % A% AR A 55 43-5%
AE A 254 0 gL 43 9% 2249 2 FE Y
R}, ol FHEd &% A=2 Ao| Molzt AL
t}. Bouet® Gahery(2000)& AAA 28AdA 108
T 259 H2Uh A71A e FxY AAA elE
FYPF F A QA 2R AANE AAEQE, 1 2H
<839 X o] b FHAGR Yt 22t
Bouet$} Gahery(2000)2] d7olx F&d &£BA9
5L AAA AR R £59 A3 glo] F
W37 dike AEE F3Q 5] F4H=
ol B A7 Ia7 Bl [ Hrke slg AA
A Bale] Aol 7i7hE SFoldckn AztEd, 2 4
FAME A g2t 448 A= A= & A
&Fol AL U] &l AAF B3pe A go] FA4A
Hato] A4 B o] e 3 943 44 2 {55 v
e 22 A48 2 978 389 Sharma §
(1997)& F24 232 2 44 J2E 259 7]
AR F871E0A 71§8AE o) AIA 28 43 E =
gapAg, B2 FAY 47 Az 24E FEAA
HFAAQ &5 23 E o] AFIAe fetn ot
Marks® Quinney(1993)% &£#do)| 243 B3l
F24 S 25 e 289 7144 $47]4 7l
g dosAw 3d 4= AP Ao LRl W
e 92714 getia o a3y F4F Rieles
g At AA &Fos o= ANA DRE T2A
FA4 77 A5 248 2Y3Ed Shama
(1997)& AAA 73t & Aad 94X #2ze w2y o
2 AN A7 AR 242 <l LAY &5 =
Ag FEAGd D 3k 2 g7 dX)3T,

=3, 7% 4355 AY A F24 a5 o F
e 0.86 olm HAAA Rl g2 1.572 o] F 27
gkel zole 0.71 °leH, 5% 4%3-5% Ad HA
9] 4z B3l 0F 3 0.04 ol ANA Ba} e

1.652 o] ¥ 27 @9 Aole 1.61 1. oJ&ld &
T A3-5% AY A % 43-% 44 A4
2o o 2 3 94X A4 eF7 AT R #dlo
Lee $(2003)2 A#A] 5% 53 ¥4 4= Al
A AxlA EF A AT W S3ke A4 3E &
£719] A& 5ol 5F +5H} % LFAME AV
ttazche Ao s A9sin 93, Paillard®h Brouchon
(1974)= 554 24%0°] A X (limb position)l
s 54 T5E 2o 0 F g A4S eddn
gt} B4 )X 74zte] A E w2A A3 LiTE
7191 238} =@ A Fg3te 2 477 AR GE
A&S g8t vk ok ERY, Lephart $(1997)
L =3 F45e £5HQ A HAl M E 259 nH
T4719] 43 Fissn dFe nfiedsvt F
a3 9L dcka Gl ety £ AFelA F43
Halel AAA] Rate] A4 wE 4704 I v
71Hch 2 o B %S vAA Hol vmA =
A &N SFEE 5 48-9%F Ad ArldAMe
H3l 3 B2 Aol & Holx] ¥koy} WE &R &
A= 5% AR-5F AP B3t F fde 94
Zo] e o 78 BYS A2 e A4 & 4¥
ANE 5 AA-TF AW FAh= 27 10° F=9 &
£52 4% 2 Qo] Hov 55 AF-sF A8 A
Al A OIAA} AA2 BE AT AEE By
Skinner 5(1986)& 28718 3¢ ANA R&
ey T &AM 15% A= A3 2ZE 7
A7} BAsle] £ RS54 Bl BAEAG
1 EIERT, I 928 Z8d EAske 24584
72 87171 B4 9] R Al 23 AA 488 Fo
= 3. 2 B TN e AR 13 F A
23] Avh B3 ¢S 23 & 29 £83e) 29 o
e #AERA ggict B 4785 ¥ Miura §
(2004)& Edo| =N BE7|& T F HAAY
Rk 28 o3lE FukakAl ¥ton olzg 284
okg glol 1H4-848 T4 FLe 28 U4 EAske
71A1% 4~87] (mechanoreceptor)d|A] A& 7z
FHE9 A24dol ol nHFEA HFF A=
(proprioceptional pathway)°lAl9] W3slz wdydcin
ek HT 1/rEY AFE e AU gz
AF 258 42 Ahe nHFEA AFY 34
#Azt 7 2e A7 | olgtn 43 &, [
Falol A8 F WE YA 29 Fae F24 ¥z
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(central fatigue) 2 Q13 T 247} 7@ RE 3
ABAZ olojAe {584 Aol 34 A 3
(central processing)olA] EA)do] gty F33}
o Aok =3 o) F324 B2= &F Ao (motor
control)®] B S FAAF| 3, BR Hase P&
ZA37] A3 Aol 7)oddhe 259 5 st
o e3Ad 2ad AdES 44 &34 ¢ gidn
gtk (Miura 5, 2004). =g 5 AA 7% A
oo} whlaE AAZ} Qlon, FEwo FL H4lH
%3 5% (mental performance)® Z7MX7]dale 2
=@ A3 852 o8 S A9 g
(Davey, 1973: Isaacs®} Pohlman, 1991: McMorris
9} Keen, 1994; Tomporowski¢} Ellis, 1986). o]2| %
A7 2 4Y9] ARES EdE ANF oo e
34 D22 sl DR/ A A=A Y wal
2 P39 9K Azho] ZAadctn g€
ANA Rl ol uFFEA A AP E

A A 307 A g8 FAHE 25 22 5EHe 7
&A1 F Sl 289 ofslg Bulste F4F $579
A $8A9 1A e o A 9L 13
F Ae £50] AAF EFolEe AMe A7y TS
A& LFTo] HA o Wo] ol T3] e A
AF FF Aol dodttn YA, 55 &5
A& ¥ 1/458A4 ol e 89lo g 28 27
oA} e (visco-elastic property)2 34, Z71d A
23} Z4-(oxygenation) ¥ 2§ U @ o=z Q3
Ao A% WEolgtn 39 (Bouett Gahery,
2000). oj¢t T2 Hie £8A nHeeA Tz
#dd 8719 7150l 718t 23 94X A3 &%
Zzt(kinesthetic sense)o] 4 E 0, Z718 AR &5
€ #7e] 9AE @A st A4 3FZ(cutaneous
sense) S YA I3 31 tHGescheider 5, 1997).
3, 2% 9% (motor command)dl ¥ 259
vhgo] 259 A§ F 2EAA, o1z B X 7
7}, 2% W34 9% (fusiomotor command)3 4=9]
U= (sensitivity) 7} B8 547449 M) H3 9
W3} g Rolgtn FFHHMcCloskey &, 1975). WA,
#2Y, A, 253 dofl EAlske n45E71e 4¢
< £3589 £59 4FHQ 2 A4 2™ 71A
LY 482 sty AE&F 27 WY (sensory
feedback)2 &% &&o H5H 820} (Allum &,
1998). =F, FTAGY el 23 S2AAY &

sy

Aol HEF, oA L& 831 9 G IR E A
Q1o 7Y 579 % A8 ni58A 2 o
e 1A 5 gl 848 voto g AR AZde
Wi 244 02 v A4 A2E 9E £ e
HHG FA71E AFshe Aol WeFHolgin gegd,
Hzd 9 oplg & gle 4L sl 918 A7
& ¥4 (neuro-muscular training) o} &g & e
desitty A o TR 2] 93¢
FE 73 FH A AT 2/ AL FYd
W3t ol & AT &% XN EE 4= B A=
Fopll 28 FRE AT S Aola Addn}.

V.2 B

A3 259 & U e g £ 4 Balel AAA
F3g J &3l $% 4%-5% AP HAAHpassive-
passive reproduced test)} & 43-5% AA Al
(active-active reproduced test)& HA|8tgm B2
A&7 A o 38 4% AP o F g 24
s}

1. % 23-4% AdolM F44 B8 F gFo) A
371 o] 2771 Bekim AN A JaloA e F7l 374
ek 2y 4 §3) g o F FgH AAF
B2 Q% 287k o A,

2. 5% 43-5% AN F24 28 F Qo) &
Zo Wnw gglovt BAH 2ot Fole 287t 37k
Aot 2 FAR Pl BE oF guchANF 2
2 A% ef7h o an,

3. 7% 4%-% APL T2 AN BT YL
oA FAAAM o & /8 BT $% ¥4%-5F
ABL FTadM e S vIAA G2 A Rt o
2 27 #g& Yt

(&
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