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<Abstract>

The purpose of this study was to find the effects of the eccentric exercise induced
delayed muscle soreness on proprioception, muscle strength, muscle fatigue, and muscle
pain of the elbow flexor muscles. Thirty one healthy male subjects were participated in
this study. Before resisted eccentric exercise of the elbow flexors and immediately and
at 1, 3, 5, and 7 days post-exercise, pain threshold, proprioception, tension tracking,
initial median frequency, and fatigue index were measured. Pain pressure threshold and
visual analog scale (VAS) was used to measure muscle pain. Proprioception of the
elbow joint was measured by using 3 dimension motion analysis system. Maximum
isometric contraction was measured by using digital tensiometer. Electromyography and
power spectrum analysis was used to measure initial median frequency (IMF) and
fatigue index (FI). Immediately post-exercise, a significant decrease pain threshold was
observed that continued to 5 days post-exercise. VAS score was significantly increased
at 1 and 3 days post-exercise compared to that of immediately post-exercise. Maximum
isometric contraction, IMF, tension tracking ability of the exercised elbow joint were
significantly decreased at 1, 3, and 5 days post-exercise compared to that of
pre—exercise. FI was significantly increased at 1 and 3 days post-exercise compared that
of pre-exercise. Proprioception sense of exercised elbow joint was significantly decreased
immediately and at 1, 3, and 5 days post-exercise compared to that of pre-exercise.
Proprioception sense of the contralateral elbow joint was significantly decreased
immediately post—exercise compared to that of pre-exercise. However, proprioception
sense that was measured in close chain Kkinematic position was not significantly

difference between pre-exercise and post-exercise. These results could be useful to



determine the resume time for exercising and participating sports activities.
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2194 E5EL 744 24 —"r—‘: Boe d4dd A T 25 %*gﬁq(Nosaka o}
Clarkson, 1996; Hyatt <} Clarkson 1998; Clarkson ¢} Tremblay, 1988, Newham %, 1987).
AR THETL T2 TEG T 12-2443o) B AT A &sto] 24-48A1 7k H 1Y F

Zo] 3L, 10-14¥ 7 A&7 A A 3] 3] 5 ¥ Gleeson 5, 1998, Drury, 2000; Francis,

1983; Vincent ¢} Vincent, 1997). A AT S EFL £5% AU Ev 258 FJ& o <
% (tenderness) @ 7 & (stiffness) S 1_:} EZo] BAEA @i (Nosaka 5, 2002). XAA

2552 253 AEx 3 (connective tissue)®} £/ (damage)o.2 FFHES o] LA E A
¥ #Heo] <dri(Armstrong, 1984; Smith, 1991, Howell, 1993; Pyne, 1994; Lieber ¢}
Friden, 2002). <5°] $48 wol #AZEwHY, dE 4 =(electromyographic
activity), @3 Z#lol®l 7]UA(serum creatine kinase)o] Wl olgl 289 EdY=
W3t & 3P (muscle performance) THol TABHVincent € Vincent, 1997,
Hortobagyi %, 1998; Ebbeling #} Clarkson, 1989; Davies £+ White, 1981).

A A TR Gl digd HA7 ol disiAe HEs wEXAe SAXAY BHAR ojRo
= Al =818 £ 3 o] &(metabolic waste accumulation theory), 7 & o] Z(muscle spasm
theory), VM 97¢ o]&(microtrauma theory)el UtH(Waltrous %, 1981; DeVries, 1961;
Friden &, 1983; Abraham, 1977). tiA} =38 £3Fo|2& &% F F(actic acid)e] =3
Hol §Fc°] Gt o]8oln, ZHHNEL & Fo s1¥(ischemia) BT WAl =

2o Slali 2% Bxo] BAeW o dAstel = Aol BAGL, TAAL vhAl T&
of Qolg:ahe ASAA 207 F7](feedback cycle)® HE7] Wl o] FEol A&HE of
golth, lAg ol B e $EoR s 2AR AFELo] MALHS W F AFo] W

AekaL o] g X2 o] E 3} (degeneration)H VA AAHEHF o] LATdTIE o] &l

AAd 25T A gFoly AegdyPorys 5H, F /HE F¥]E$(warm-up),
e &% (cool down), =22 AF&E(gentle stretching exercise), ¥ X & (cryotherapy),
A71A &, vletd C, E B4, ALY (FI A B¢, 2000050 EuHUAT 1 ZHd
gl = oldE o EAE L drH(Sayers T, 2000; Smith, 1994; DeVries, 1961; McArdle

5, 2000; Eston 2} Peters, 1999; Tiidus, 1997, Weber %, 1994). w3 M3 & & +Hol
[

E9e w3 FFo A A AAH BEoIG &5 FAL AAdekshEA ol
A58 Wrx el Aol M E wee] 53 ek
IRAREE LA AR AR 7190 L4 YA ARk, AQY 2HF) WYY

& AA Bt ok gt=A], T3 5ol
QlthH(Sayers 5, 2000). AAA
yd
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How 2As7] Y8t o] x&Ho g B3 2S5 EZL #AE7) s A
A2 & (visual analogue scale: VAS) (Scott ¢} Huskinsson, 1976)4} %}50374 (Newham ¥,
1983)8 SAste WHS AL £ XNIAGTHETS 259 &4 #do] U oW
ol dAulel Aol 7IvAel ¥& FAHsE dTFE HaEi Ath(Nosaka @
Clarkson, 1996; Lund %, 1998). A4 ZSE ¢4 & T2 wzh) 3B o3 dF&
AA ZEe SHIAY 4% A HES &8l Jth(Nosaka ¢ Clarkson, 1996;

Hortobagyi 5, 199%).

HZodE= QA £ S50 ANAHNIETES U8 F af784 A w2
5 ’:?%'3‘90“ M3sl7t 9l dolry) 9)sle] WhES-A)ZH(reation time), &% % (speed of
movement), & -3 %(coordination) 54 & F43sAv 2 FA(tension tracking) ¥HE

o] A2 E 1 9 rH(Kauranen 5, 2001; Weerakkody %, 2003).

TEAFEANAN G FHoZ A TAHE AAA
A "o AIA Z8HTFol TEFAFHA dIde
(propriocetion), 23 2oj] ojH &g %
o) F23 94o]t)

o

1. 95 di%

Sl gate) Aststn v A 31¥ S ez s, dAVES A A,
AN, 2S84 €4 2 AFo] QA Ar|A0R FHEES AANSA #E AR F
AL ow Ao FAeRAT T3 AIFS FAR A AT U3 HE A¥
& 254 Rm, FF AFL 1732 cm, B BF A= 694 kgo|Th
<E-1> uldAre] dukd 54

54 SRy XA = 9

A= (A 22.5 2.4 20-26

A7 (cm) 173.2 6.4 168-186

EFA(kg) 69.4 5.6 61-80
2. 49

NELEE

AAA ZEES Fuelr) 39 A Aeo] FZ(biceps brachii)e] Hul FHA &9, L9
2, AHFA77, dEGAS ZHIT 39 F AN HAFEF5 S ol &t AAAQ 2
FES FEUsY, AAATEES FET IS 1Y, 3¢, 59, 7Y dHo2 FAEAh
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Z A3} VAS(visual analog scale)
A Fol EFAE "wsty] A5t dAE %9 XS4 7] (Digital Pain
Evaluating System, ZEVEX Co, US.A)E At&3tgrt &4 ¢ 5‘]—‘5 0
(muscle belly) 37t BEAIZ 3 F EBAd AHA &R3H)
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Aol FAHA FHd 2y Z4str] diA dxE A A(digital tensiometer) ]
TSDI121C(BIOPAC System Inc, CA, USA)E o] &3] kg w2 &A skt TSDI21CE

ol F4E obdr Mzz: MP100 Al #®(BIOPAC System Inc, CA, USA)2 2 By
A tAEg AsgE HEE & Acgknowledge A X E o (BIOPAC System Inc, CA, USA)ZE
BUA A3ADY Fol A5E AGsA ot 33 s7] Hel ®AH(calibration) & 4 AT
o 5HAE HY2E e 3 AAd A &5 FY FH AZE B3, FRES 0E =T
Ao A A2 P Fo] FEAE F7IA st SAH3A

o Y 0% AEE FHAAH &%
171 98l 7= Atz g 3 2o zZ+a
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Inc, Boston. MA, USA)& Al-&38}
ek,

AP A HFE 2add ves e ARE Ao deo] 80%E AW A3}
Aske, Ggol WolxAAY FFo] AT w7t A&How £H3HA A FHE &
HE AZE MPI0 Alzdez AHFHo OA" Az AdE F, /HAE PColA
Acaknowledge £ZESE o83t HZ& A7yl s AN} DA E st
235 U359 ZEFZF & (sampling rate)2 1024Hzo) QA 32, 20-500Hz2} o) 9% 3 FE}(band

| 2AE Ase

pass filter)¢} 60 Hz notch ZEE A&l =34 Labview Z 2 7130
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A} FFT(fast Fourier transformation)& ©]&3to] Fig 48 AA3 & Agto] sk F
4514 (median frequency)E& o] S FaFdd 3 3 AFAA 7|27 E o] &5 I =2
A& F3F )

6) A T B o] 43 H5EH BT =3
AQAHZHE S8 A% Fol LEFEAAAC) oW Wast A Tolry] Aol B

A7t Q A(angle erron)E AU EFAF7] CMS70P (Zebris Medizintechnik, GmbH.
Isny, Germany)& o] &ste] A5ttt ©] A8 HFH, 253 A2 E ®HUE
27 1 eme 5% x4 A active marker), 3% 5% X2 AHtriple marker), BASIC Unit
CMS70P, cable adaptor, &3 438 dAsle &% 74 7] (measuring sensor MA70P) =
TFAAE . 2t ZAA A YeE 259 A5 30 Hzo ZE243HEE FHH, 9%
£ WinData 2.19 Z & 1% (Zehris Medizintechnik, GmbH, Isny Germany)& o]-&3}o] 2zt
BAAe] A A2 E 22 A% FASAY. TEdE I/FEE8TTY SAAA
T ddng A9t 2iluEy AAE FEStY Eday A 270 H I 23] AA

17174 wyloz gA#ZE FHASAY. n4FE3874 &4 A ARE T ALY
(cutaneous input)S F43sl7] sl FyEHAE A7A] 2 B BM=2E dA I ¥

o
27430, BAAARL A oA 2ER 44

7) &9 A (tension tracking) ZA}

AJYZETF T2 F 4" FASE Hrt UdeA dotr7] st fAE FHA
(digital tensiometer)?] TSDI121C(BIOPAC System Inc, CA, USA)E o] &3t &2 2
A A FRAL 9052 A AEHdA] £ AxE A3 FaE FXL2E =54 5
Aok A A AFH EUHE FASEA Ad 2759 10, 20, 30%, 0% do=

FHH 23EE FEEY 5}@‘% °17<10}7ﬂ o}od‘?} EH”X} 7t AEg A Fo 43

ol

fhaw N

O

RE A A st o W U FE EWHE HXI ‘5%3'_ A= H st o
A e Adstdvia Bad W Y 71563, AS dAYA AHie] oA A
=8 ZAAUG 338 Mz g FEozm HAge] wEd mE g F3E H2d 83
t}

A A1, 3,5 7Y FEYA, 1
2o o)7} JEA gob HYIYEH HrESAHE degld
ANOVA)ES AAletdo A7 BAE $sted 9E$8 SPSS 10.0(Statistical Package for

the Social Science) 2213 AF&39 )

SreMAZ =2HA A _;La:]’ =
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§% T A g F2AA SAHT FFAAE 2667 b ol on, % HEE= 1910 b,
19 & 1405 b& 7238193, 39 FolE 20.08lb, 52 % 2308 1b, 7¢ ¥ 24.88 Ibol Yot
27 AR FEG A Aolrt deA dof B A} FATAH R {og Aojrt Ui
(p<OD), AdY 25T AR 79 FA AT EGA A Aol7t YeA] ot
7] Y5k div] AAS AN 23 BE SH AARAA EGAE FoAd Zel7t I
=3
<E-2> 4B YA v
@2l 1b

A7) B TEHEA F g p-#

A 26.67 5.55 71.91 0.000

A& 19.10 5.93

1¢ 14.05 4.10

34 20.08 5.32

54 23.08 3.97

78 24.88 5.24

2. A2 A AL A X (visual analog scale)o 213 FAA 5 R}
Imm 49 10cm & FAHeE =7 TF

3|
=9 AEE FAEA Ao 083& §
Fol gl AL vty 1082 Fe 5 g AR nsAdTd 5FE gugte Heolrh
VAS &4 A4 Z85F 2 &5 A5 §4 £ 1, 3,5 7¥ SAHSAY. 447
FEEE AFNE 2414, 1Y Tl 4204, 39 Tl 2864, 594 Follv 0553, 7dA
A= 0FoAT Azt B wE FHFH FF BT Aolrt deEA dotk A3 FAF
Ho g2 o8 Aol7t AAL(P<OD), AAA Z&HT FL AT 774 FAH A
VAS kol AFol7b lEA gotr 7] ¢ste] wiv] A8& AAS 243 fEFEs 14, 5¢,
79 FolE VASZ #o& Aolrt ARAR, 3U £9 = 793 2Hol7} AT
<E-3> #8H FF v
ool A

=2 17 W = F-34t p-&t

T 241 1.07 79.00 0.000

14 4.20 1.64

3Y 2.86 1.64

54 0.55 0.81

7 0.00 - 0.00

% Z(ipsilateral)ol /] 22 %% 37 (open kinematic chain) A}Ajol A
Qe BgFeA77E
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0.59
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5 = (ipsilateral)oll A1 23185 317 (open kinematic chain) A}A) ol A
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54 0.92 0.26
79 0.64 0.34

7. 3d $&AA 4=(maximum isometric contraction) 52
4o 54 528 UAY FAAS ol fa] HANAL. A THE F2 A

A4 5 ! 3 A
o A3 Ho %}%ﬂ,% 3311 kg, AFY <5F ¢ 19 F= 2150 kg, 3¥%F 2533 kg,
59 ¥ 2944 kg, 79 ¥ 3329 kgolAth. AAH 5T F W Azbel FA A
Ho FEo] zolzk = FotE 7] fste] dib] AAS dAS AT fFEAT HL 7Y
2 AL BE Al FA Hd dHe el Aol A
<#-8> Y 53X $%(maximum isometric contraction) 5% H X
@9 kg
EH A7 B s F & p-#k
Frdxd 33.11 3.97 115.09 0.000
14 21.50 0.70
3¢ 25.33 0.86
5¢ 29.44 4.73
74 33.29 3.84
8. 2715 % F 34 (intial median frequency) ¥} !
A 5HAY & FE A FHT ZHAE ANIZE FFTE 5389 Fa4¢ 245 HA8
27154F 345 @S Ao AAY 2/F 2 2V —zr-"l}—/? Zr< 128.39 Hzo) %) i,
1€ Fo& 11587 Hz, 39 % 121.15 Hz, 5¢F 11943

7 .
Hz, 79 % 12185 Hz °ldoh. A
= o

A 25F 2 A3 4o FA AFETA 2715S FH5 7‘4017} AE=R dolr 7] 9
st diH] AAS AAS A A % 74 FE A BE AHAdA 2 FST
Fole Fo& o]zt A
<¥-9> %2715 F34(intial median frequency) ¥l 3
@9 Hz

A A7) e AR F a p—#k

T 128.39 18.09 5.34 0.001

14 115.87 16.53

3¢ 121.15 13.57

5¢ 119.43 14.18

7 121.85 14.41

9. 3 2 X (fatigue index) H] i
448 SHE AEE FFT Adsd 829 21397050 AT FAFR5E o
%0}04 2R E Fadr. AAY EH5F A Ao T2 FEZAFE 1270% ©]
19 Fol= 2351%, 393 17.87%, 59T 12.88%, 74 & 11.37% ol xadx &
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