HRRER HMNE F£_H REA+ARE
Journal of Nan Kai, Vol. 4, No. 2, pp.11-18 (2006)

AFEENFERINEZ I ESABARNBELRTE

T S D

PRI AR E R B
CREAREEBEREHE R B

W B

AW IE SRR N B B L B TS R E A RN ARG EIRE G F A&
o WRDAMHERBIER R AR KNS SREEH - 2OEGEH SR E S MILIIHERF
BHEfTERE - R B RGRIE M RES) - SR B 80%HY R AL &1 - 8
R~ 6f - PR SEEN S T0%EY R AN BT ~ 122K ~ 8# » (ESRAE I HEN R F60%H]
AN B ~ 197 - 10/ - MR IR SRS R2.550 8 - 7EETINT - EEhik FaEE)
%ER1~ 3~ 710~ MRIGHIRRREVEBIERE « KRR - FEYEE MR (CK)
ZIEYE > BT SR DA A T B R AT S Tukey sER R FRESET TR AT © i
FeR RN SRR TR ERR IR - e AR ETS R R - JLA
B b TE MR SNPIRERIET (p<05) > EIMRCKIEEIBAEATE ¢ [ —fEH
(RFY 58 4 B S 7 X B AT L AR B3R (B 0 S 1 7 2R - AR S ERE RBER LA

BRHLTIRI80% ~ T0%ER60%;2 3 FEHETT T8 it (B - I AT WUPREE SR AR

H e

BASEET - W (EED - ERSHAVAER - WSS - MR - Ve

il

-

2

LR R —EEE R AR - (BT T EE
BERD USRS M/ EE (micro-damage) 3 4
(Hoppeler, 1986) » WS E R s B HEFBRINES
(exercise-induced muscle damage, EIMD)- EIMD & HIR

SRR BT EEh(eccentric exercise) 2% (Byme & Eston,

2002a, Byme & Eston, 2002b;, Byme, Twist & Eston, 2004) -
HAERELIPSERM (muscle soreness) « AR - RRETGENHEE
(range of movement, ROM) %t/ B J7iRGE Kt > AA
EHRER--IBRENS (creatine kinase; CK) 7EMEGIIEAEIR
(Chen & Chen, 2004; Paschalis et al., 2005a, Shahbazpour,
Carroll, Riek & Carson, 2004) -

HhER EIMD i858 - R RH9ERT HegsRa ey
6 F—%K - Lenn et al. (2002) & Shahbazpour et al. (2004)
R sEIg R EZHEET S0 REFH R (elbow
extension) &fj{F > Childs, Jacobs, Kaminski, Halliwell, and
Leeuwenburgh (2001) B Howatson and Van Someren (2003)

E’Jfﬂ THIS RN DA AT 2 80%ER T0%HY0E & » 1T B
- FE 3 M TEAE (arm curl) BYEHE - BN
%ﬁﬁﬁﬁﬁ@ﬁiﬂﬁﬁf’%ﬂ%ﬁ EIMD #y&4: ; (HR2 I #MEES
LSRR TR IUNIBERIE AR T EER i
WICREERET N ERE Y iEEN ¥ EIMD Hys22E - Paschalis,
Koutedakis, Jamurtas, Mougios, and Baltzopoulos (2005b)
DARR & 167 SoAE BB [7) 50 R B B ey S 52 A e AT —
PUSERAEE CSEE) > DAL RSEE R IR A R A [E R A
SEENR] CK-ROM - 268 M- P98EE (delayed onset muscle
soreness, DOMS) B\ /157807252 | 5 RETEEN R
F BUAEEEERRLL  (Emai R E R L FR -
2% Chen and Chen (2004) Ll 36 i k=4 HTE
E o FEs B =M AR 80% S AR IH#EST 24 -
50 8¢ 70 REVFEIE A HEALS B D IichEEE) > DAEh =
AR BEREEES B - HENGEIHR - A
FEAIDUR Mg CK G A2R | R BRI fe SR
RATHE Lo - FLFTS [RERTE R R O SRa IR - PR
Pt TR P L O R e % R - T

11



12 FEEENFERNES EEFARNRNERE

T BT R I T B B s e D AT
TR - B TR EE L B
BB B35 ROM R, CK Ko LRI — Bt
o AT » AR NGRS A B IR H 1
AL -

~RAEFTE RS SRS Tk R
FIAVE ) » ke TR FRRRER S SRR (se)
SR AW (repetition) FREEBHRETTAFTRE -
T R P B 5 T FE R AN T s s
EEARE S AT R 2 R - BCRZED E R
A B P BRI 80% » 0% 6098 5 T S
B SRR RS - ST M) 1L
THRELFER PSSR BT » (E S E R
BRERIPEHTBE -

A~ RGE

~ BHE

DIO SR - "R BB B AR A RHS - 2
AEEREHEIEZEY - T8 - TINEEZEREITHE
o BAEEERT (8 H P AT R RS

PERE S -

i

BERIRBEM - 2 (cross-over) BT RAETEERN]
—ESSMEIHBERFE R RIS ) Z&SBILIGE
ERFEETS - b~ (K R S R B S R
FEMRES (FICEEEDME 3 8) - DEESIEE
WL - XA EE BRI EE B L
R HAERGREECEENR - NEETTHR UK IR

mIRECKE LRSS ~ AKIEIBRAIRIE ST -

®— ZRlEZEARIS

TR E RIS (k)

1 210

2 155

3 21.0

4 30.0

5 210

6 40.0
TR 24.7548 04

ZAEBC AR TR, SRR AL

0%~ 7 8 X~ 58 6 Al T RSB , ¢ IR BRI
ZT0% ~ [ 12 R - Rl 8 A - BRI . REREA
AL 60% ~ (7 19 7% ~ 548 10 4+ AHRI RS RERIES 2.5
i

10 ~

FEEEEH] (pre) - sEEhi& (post) FHHENEEE 137~
14X (d1, d3, d7, 10, d14) $5BIEZH & BEREE

HE - i TEEBE MK CK iEMH - HIERRHE
£ 4 7:00~10:00 -

1.

=~ BERRRERAIETS A

BRANUIHE  BURS0A Sy ~ E304 45 - R A R3S
BRHR B ] e R B RESS (PowerBlock®, USA) BT
B HIEREZHE T EEARM R - LUHERT
s A TRy - ETTEMRIEIE (ERT
EHRLIE(HEE) - BB AR E A RS -

- BELSES) ¢ DGR BRI R TR - 2R E

RUEt AR - #ZHELIHEN T & F
B HRRAENF - X EEMETE R EE(F - BRI
BERZEE BT > AT BHEsE il Ry
BHE -

- ERTEEOHIE | LUREEEESE (visual analog scale)

SHEEE  FRESEEI0 coafEEE - T ESH
HER7IER” (0 cm) BEIEHIEREIRE” (10 om) © Z5#
FogkIFIE ] T8 W2 (olecranon process) b i1
om~ 7om ~ 15 om  BEE E AL IE IR R T HIRRHHE
R UETRIME (BAER30 - B/MAERO) -

- FEEHAER  DSERAEFESMAEREZE 51 cm - 7

cm -~ 15cm BEZEH -

. FEEEhEE AR - LFISiAE S (Lafayette Instrument

Co., Model 01135, USA) HIEIEMHEH T8 B A MR E I
B (BRI AR -

- IIFRTEEEE T © FREARHN200 pLAIIMAR - ARHEL R

ERIMmaEE4y » LADTSC I (Johnson & Johnson Ortho-
Clinical Diagnostics, USA) [M#&S i Ay R H]
B|CKZJH M -

M~ EREE

1.
2.

AP BUELAF S EHATHE T (meantSD) Fors -
DIAREBRA IR 74 B B3 4i(two way repeated-measures
ANOVA) ELEE AN A5 Bh 50 8 Rz R R B 2 B v B 4



% SEMNE £ RENTASE 13

B - AR FEREERMKCKIEE EZR  73E
B 72 U A Tukey sk Ef TH IR LLER -
3. Hiah B K T Ra= 05 -

&

C iR
~ - S ENEEE

ST AR T RREEINT - RS R RS
By — o AR TE TR (R E S (B S B
GEERN (p<05)  IEREGFHEREHIR - MiEEEE
BIREE ¢ SR = AL BRSNS BB A T Dl A
o

ZEEIEN

CHIF R BRI TR RERAT - RS T R
78 | AR AR e S I — - R R E T
(R EBh R L PSR 2 A RO E R R (p<05) » BLIRR
SHHEFEIR > MEEBHERBTRIKEET - Hrh =50
Rt E B AT A e R A (AR Y > TR > TR RERY
o (HiniEEE C E R -

= -FEER

SHAFEREE T FEMREDN] - RS RETERY
7% LA R EE A B B AR AT o IR BT R
EHRTEGEEANERER (p<05)  MEFESEK
SRR A B B SR B R BRLE (o7 A [ T A 2 S 1458 1
REHTR - i — MR RIS A/ EREZE R 751 cm
EHLEREEE - A -BE CEENRE RIS
R A B A ISR AT - TEEN (R A8 10K AR
IR R R AR AP R - E BRI A
fghy TE B RAREES R ARG E -

M - MRCKEH

SR EsE R R B R EBT - (R RIIMRCK
L = o BB AT E R E RN R CK S EREA

e

#

IR FHHEE - (MRS E RN TR IR RG
AL g R e B 22 R i AR CRIE MR
e

OfRIEEH
BohisEs
BB EH

40 di4
il

REHRAE - FF (R - RSB 2
“pre : SEBAR ; post : SEB)L ; dl, d3, d7, d10,

d14 : EENEEEL 3710~ 14K

"ELEAR I SEENR (pre) AHLLESERE AR (p<05)

Off & EHE
EIch 3%
B sl
5t
rh
pre post dl d3 df dl0 dl4

& —

TR - TEMRERR] - SRR
“pre © SEBH] ; post  iEH% ; d1, d3, d7, d10,

d14 :SEEHEEE1 37210~ 14K
"HIEHA Y SEEIE (pre) MHLLEOERE AR (p<05)



14

CR (U

0o+

B =

AREMEENFERLZS Y ESELANNRB LR

F ANERRE L TE MR RER] - % CEERC L

(T Hhas AR TER A
fEWEZE 5 1 em &
SEER 25.55+2.57 25.73+2.59 25.6242.50
SEEL 26.80£2.77" 26.53+2.40° 26.4042.79"
EENEE 1K 26.00£2.65 25.80+2.74* 25732517
EERE 3K 25.93+2.43" 25.88+2.67 25.77+2.67
SEERE TR 25.78+2.73" 25.80+2.43 25.52+2.38
SEENRE 10K 25.77+2.69' 2580247 25.5242.49
EENLE 14 K 25.72+2.56 25.53+2.41 25.55+2.40
fEMEZE 5 7 om B
B 26.08+3.62 26.17+3.89 26.10+3.54
SEES 27.25+3.90" 27.28+3.58" 27.22+3 83"
SEERE 1K 26.6244.04" 26.23+3 .46 26.4743.55"
SEENREE 3K 26.584+3.82" 26.55+3.80 26.47+3.88
EERE TR 26.43+£3.947 26.27+3.82 26.5343.10
EENLE 10 K 26.28+4.08 26.13+4.02 26.27+3.62
SEEHLEE 14K 26.07+3.57 26.22+3.67 26.20+3.55
fEEEZE 5 15 cm J&
SEBHT 28.70+4.22 28.72+4.04 28.87+4.22
SEER 29.60+4.03" 29.654+3.817 29.5343.84
FEERE 1R 29.00+4.24 29.07+4.17 29.08+3.90
SHENRE 3K 29.07+4.12 29.05+4.17" 28.92+4.02
SEERE T K 29.13+4.15" 29.13+4.10 28.73£3.67
SEENEE 10K 28.90+4.16 28.93+4.28 28.83+3.96
SEENRE 14 K 28.93+4.20 28.85+4.23 28.75+4.03
"B ST EATHEE > n=6 » BE{Hcm
"R SEENRT (pre) MELLEGEREEE (p<.05)
"R LR EE E R (p<05)
SRR LB R E R (p<05)
B2 - EOER

dl d3 d7
B

pre post d1o di4

ANFIFEE Z T RREEN - R ERER ST
B

®pre : ;EBEJHE] 5 post 1 EEj% ¢ dl,d3, d7,d10,d14 :
EHERE1-3-7-10- 14K

— e FEE A T3 (downhill nunning) & AEIMD
(Martin, Millet & Lattier, 2004; Peake et al , 2005) > (B& &4
FEIE T REBEICEBFTGERCE R E R E TR (E
Btk - TEEEINIERERE N EHEED) - DUBS RN
IR BB EER - RRDIHERFEESIUC T
B - th4Y » T BEIMDAHBIRIR eI RN UL B b
B - (BEFEDESETRANTAER - TEFEZ AN
EE > FREHEANS AR 2Nt —7K - FAERAEE I RE 2 E]
T RILARRI A SR EBRE AN B -

AWFCFT R F BB 88 575 T B lL1.280% - 8
K6~ TEAHLIIZT0% ~ 127% - 84HL ) B T KL



MARRE 08 BTH RENHESF 15

Z60% > 197K ~ 1040 , » BHEAEREIEENRI RN TEE
FReRE - TR R RRETE B R N RGO ER R
JLE R AERATZE (Chen & Chen, 2004, Paschalis, et al., 2005,
Shahbazpour et al. 2004) &% RAHFE]  ARHIREERFEEE
EE) R e S R A TR B Y T - B - R
i > ARFRAEE A BN TER R ms AR T R
A290% ~ 6 2R~ 4 # BUBECHER) - (BERZREE
Btk — KR A BRI RVE - ARSI BRI IS SOR - th
A R RN 2 90% 5 BE A H S L ARSI oE - Tk
REAHLITZ 90%el ) FREHE L E B A G A EIMDE G -
MERREAR AR U B R Tl A B
FEIMD - (I 7245 L8 B =0 T Rloa R BB EHE iRy
IR H725 - fhBlPaschalis et al. (2005b) HIWHFSEHERAH
ol

14 TR CEE R MR CKIE M MR > LA
Childs et al. (2001) FHowatson and Van Someren (2003) 11
EEN AR STAARL - Childs etal (2001) BUWFFELIERA
B2 80%HY58E - TR0 - FH&E3REM FH #hBavE)
fE (MK SRR 88) » M REURIMIRCKE M EEE 1R
234K EEEE I fiiHowatson and Van Someren (2003)
HIRRFE LA ARSI TO%R R ~ T TSR 10K ~ FRfE34ENY
FHEMEREE EEKBRFR3S58#) » AREBIRIECK
G EE R4/ N g ot BET2NEREE S
799.9£697.0 U/L SR » ZEARAZE P R B M CKS %
HiLmgf, » #EATHEEEE - MR eRIHEE (S8 TS
TR R - (EE B M R - I
Setme AL AL NBHEE - Ht4% > Childs et al. (2001) BYRFFEHIA
CKyE MR B L AMARRR B E T — B IEI - SRRt
T AalRE R E G E B R LR - a0 AR

R RIIPSARIE ) HOHfES - E T AR R B

CKiRM AR A -

{h - EERENE

ARRICAE BB 80%Z B AN ST ~ REBK ~ FiBoRH 4
P0%:2 BRI ~ BE12R ~ 1R, B T 0% B AL
71~ KEI9R ~ Fri#l0f M TEHRES) e EmilA
fefe - THIER - BETGE RS N ETLAREEES - =
SR RIRY TR - AHBER N E R B E B AT S R L EE
FHEIRIE IR A 2R - it Ea I RN E B R Al iR
1B B - AR RERARRIRY - ARSRWIER AL T

B BRI LlE) o HIeE nR BRI CR R =
EEE T A

I AR AR E—R i E S RER A
BENAEHAR--MRCKEN A EMEA - AR Childs
et al. (2001) FiE IR FE B LEBFTERANLAREE R
SREMBEEERIL ? MERRKEE PRI TR -

BEAY - AT B Y E R E TR EE R R 0 W
RSN BRI E - S REEERE R
AFEIE1:1.75:2.97 MEE = MEEEA TSl e
FRFIRIIAZERER - ARV IS CAEERATTE - HEE
REIITE IR 38 RS E M2 R &2
(AN TR 8 R R AT S R -

5

APFEARGIERIE 2 5% (NSC 93-2815-C-212-017-H) #
BY > FRLLEGH -

SEXR

[1] Byme, C. & Eston, R. (2002a). The effect of
exercise-induced muscle damage on isometric and
dynamic knee extensor strength and vertical jump
performance. Joumnal of Sports Science, 20, 417-425.

[2] Byme, C. & Eston, R. (2002b). Maximal intensity
isometric and dynamic exercise performance following
eccentric muscle actions. Journal of Sports Science, 20,
951-959.

[3] Byme, C., Twist, C. & Eston, R G (2004).
Neuromuscular function following exercise-induced
muscle damage: theoretical and applied implications.
Sports Medicine, 34, 49-69.

[4] Chen, H. L. & Chen, T. C. C. (2004). Effects of a Single
Bout of Intensive Eccentric Contractions at Varying
Repetitions on Muscle Damage. Annual Journal of
Physical Education and Sports Science, 4, 103-117.

[5] Childs, A., Jacobs, C., Kaminski, T., Halliwell, B. &
Leeuwenburgh, C. (2001). Supplementation with
vitamin C and N-acetyl-cysteine increases oxidative
stress In human after an acute muscle injury induced

by eccentric exercise. Free Radical Biology &



16

(7]

(8]

(9]

(10]

FREENFERILES ESFHNNERHE

Medicine, 31(6), 745-753.
Hoppeler, H. (1986). Exercise-induced ultrastructural
changes in skeletal muscle. International Journal of

Sports Medicine, 7, 187-204.

Howatson, G. & Van Someren, K. A. (2003). Ice massage.

Effects on exercise-induced muscle damage. The Journal
of Sports Medicine and Physical Fitness, 43(4), 500-505.

Lenn, J., Uhl, T., Mattacola, C., Boissonneault, G.,
Yates, J., Ibrahim, W. & Bruckner, G. (2002). The
effects of fish oil and isoflavones on delayed onset
muscle soreness. Medicine and Science in Sports and
Exercise, 34(10), 1605-1613.

Martin, V., Millet, G Y., Lattier, G. & Perrod, L. (2004).
Effects of recovery modes after knee extensor muscles
eccentric contractions. Medicine & Science in Sports
& Exercise, 36(11), 1907-1915.

Paschalis, V., Koutedakis, Y., Baltzopoulos, V.,
Mougios, V., Jamurtas, A. Z. & Giakas, G. (2005a).
Short vs. long length of rectus femoris during eccentric
exercise 1n relation to muscle damage in healthy males.

Clinical Biomechanics, 20(6), 617-622.

[11] Paschalis, V., Koutedakis, Y., Jamurtas, A. 7., Mougios,

V. & Baltzopoulos, V. (2005b). Equal volumes of high
and low intensity of eccentric exercise in relation to
muscle damage and performance. Journal of Strength
and Conditioning Research, 19(1), 184-188.

[12] Peake, J. M., Suzuki, K., Wilson, G., Hordern, M.,

Nosaka, K., Mackinnon, L. & Coombes, J. S. (2005).
Exercise-induced muscle damage, plasma cytokines, and
markers of neutrophil activation. Medicine & Science in

Sports & Exercise, 37(5), 737-45.

{13] Shahbazpour, N., Carroll, T. J., Riek, S. & Carson, R. G.

(2004). Early alterations in serum creatine kinase and
total cholesterol following high intensity eccentric
muscle actions. The Journal of Sports Medicine and

Physical Fitness, 44(2), 193-199.

e« 95/02/07
¥ 1 95/03/29
B 1 95/06/15
B2 1 96/08/14



FRWE S8 £"H RENATATF

The Effects of Exercise-Induced Muscle Damage
Following Eccentric Exercise of Elbow at

Different Intensity

Kuei Hui Chan"*, Yu-Kuang Chen?

! Assistant professor, Department of Leisure Management, Nan Kai Institute of Technology
2 Student, Sport Business Management Department, Da-Yeh University

Abstract

The purpose of this study was to investigate the differences of varying intensity of
eccentric exercise on exercise-induced muscle damage. A random and cross over experiment
was designed. Six healthy male students performed high (HI), medium (MI) and low (LI)
intensity of elbow eccentric exercises with their non-dominant arm. The HI, MI and LI exercise
protocol consisted of six sets of 8 repetitions using 80% of their eccentric 1 repetition maximum
(1 RM), eight sets of 12 repetitions using 70% of 1 RM and ten sets of 19 repetitions using 60%
of 1 RM, respectively. A rest period of 2.5 minutes was taken between sets. The range of motion
(ROM), muscle soreness, arm circumference (CIR) and the activity of blood creatine kinase
(CK) were measured before and after exercise as well as at 1, 3, 7, 10 and 14-day after exercise.
Data were analyzed by two way repeated-measures ANOVA and Tukey’s post hoc test. The
results showed that there were significant differences (p<.05) in ROM, muscle soreness and CIR
for the three exercise treatments within 3 days of post-exercise. However, there were no
significant changes in blood CK activities within groups during the experimental periods.
Moreover, there were no significant differences in ROM, muscle soreness, CIR and CK between
HI, MI and LI exercise protocols. These results indicate that the elbow extensions with the
intensity of 80%, 70% and 60% of 1 RM have similar effects on exercise-induced muscle

damage.

Keywords: eccentric exercise, exercise-induced muscle damage, range of motion, muscle soreness,

creatine kinase



