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Comparative Analyses of Fatigue Recovery Methods after

Performing Rowing Ergometer in Rowers

Kim, Ji-Hyeon

Department of Ocean Physical Education
Graduate Scool of

Korea Maritime University

Abstract

The purpose of this study was to examine the effective fatigue recovery
methods by comparatively analyzing a change in fatigue factors among
recovery methods through applying the athletic static recovery, athletic
dynamic recovery, and aquatic dynamic recovery after performing rowing
ergometer 2,000m in rowers. The tests were carried out over 3 times with
the interval of 1 week as a repetitive experimental design within the same
subjects. Fatigue—induced exercise with intensity of 80% in HRmax was
performed after measuring HRmax level by individual testee through
pre-test in order to establish the same exercise intensity targeting 10
testees. Dynamic recovery methods were set up at the level of HRmax 60%
based on the individual recovery exercise intensity.

A total of three tests including athletic static recovery, athletic dynamic



recovery and aquatic dynamic recovery were performed with the interval of
one week. The blood sample was taken totally 4 times given being stable,
right after fatigue-induced exercise(rowing ergometer in 2,000 m), right
after recovery treatment for 20 minutes, and right after 30 minutes in
recovery(right after 10 minutes in the recovery period). Fatigue factors such
as lactic acid, ammonia, LDH, and CK were analyzed to compare a change
based on types of recovery methods.

Using SPSS 12.0 statistical program, the means and the standard deviatio
ns in each recovery type and by period were calculated. To examine differe
nces in recovery rates according to recovery methods among groups, the re
peated measurement ANOVA was carried out by obtaining the reduction rat
e right after recovery treatment for 20 minutes and right after 30 minutes o
f recovery based on right after exercise. Interaction effects shown, the post-
hoc tests among periods by group was performed with Duncan method. The
statistical significance tests were performed at a=.05. Accordingly, the follow

ing results were derived.

First, a change in blood lactic acid according to recovery method
Comparing decrement in levels of lactic acid between right after
recovery—exercise treatment for 20 minutes and right after 30 minutes in
recovery based on right after fatigue-induced exercise, no significant
difference appeared among static recovery, athletic dynamic recovery and

aquatic dynamic recovery.

_vi_



As comparing decrement in levels blood ammonia between right after
recovery—exercise treatment for 20 minutes and right after 30 minutes in
recovery based on right after fatigue-induced exercise, the athletic dynamic
recovery and the aquatic dynamic recovery showed the significantly larger

decrement than static recovery.

As comparing decrement in blood LDH between right after
recovery—exercise treatment for 20 minutes and right after 30 minutes in
recovery based on right after fatigue-induced exercise, the athletic dynamic
recovery and the aquatic dynamic recovery showed the significantly larger

decrement than static recovery.

As comparing decrement in  blood CK between right after
recovery—exercise treatment for 20 minutes and right after 30 minutes in
recovery based on right after fatigue-induced exercise, the athletic dynamic
recovery and the aquatic dynamic recovery showed the significant larger

decrement than static recovery.
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277608} 282.00 18] 3L 2756002 Z7}FAE Holthrl & 2084 = 717} 1
46909 9520 183 90400 = Hxp 7FAasle] FE 3080 7H7F 113.309) 6
6.10 L8]l 64.000.% FA3tE ATFS Bt

FEEHe w2 A7 drRyole] WEE <19 4> )

200, o0 —| =

2650, 00 —

200, 00—

150, 00—

100, 00—

A2 0Humol/L)

50 00—

0. 00—

_32_



2) 35

¥ OTw Ml %0 hr
| < B owoo Mo
; 2 = B o o3 oo 9l
£ ¥ S o T T D ™ W
) - = T e 5w
R e 2T QM
" 7 = r o { e
Qi g2z zEE o2 Ch
gig: | FhETTPE e 5
R H RIS IOV R o e B
||| o z e e E o
BE T T sy g
o | Moo o < au
Rio|o ~ ° ‘o)
w oS dEg w0 o x A
Y ZE g g oo & L B8 v
o) Jo'e) X ZT_ len ;
2o P e T w g oz NTEe o
N % % Bo R o
T | p TN Rl U
wul Sl F =3 W_o Dm ~ O/W Nr% ~
u! ﬂ OT_ E ~ °
% g 5 Y % > z
0 070 nlwo| = m® &O r
Lo gEEgsssiiEa 3
 BEEEET P T T O
. 3%1mmﬂwﬂ%%§ o
™ * ﬂE —_— yAO
o B v = Mm off Mw w
g — I = N ! T T T
© N - — s : 3 g 9 :
o | Elmle|T w8 = N oo m ~ g < ¢ = s
G EETIEY T EE T < - E f g B F
18 <|® dld, A T o« T o R (%)1oh&R
~ NAE .. \%Al ;II‘VI zo =) . C._O
B % P le ™R W o
Voo N R pe 3K

_33_



3. 9% LDHe w3t
1) 3|2l u}E 84 LDHe W3}

i 8 3l u

s
i)

g7 LDHe #3H(d9): TU/L)

T3 A SBAT  ANE  AuE
S A8 B(a) 344.20+29.34 475.80+57.76  416.20+44.99  392.70+43.65
S5 A8 H(h) 346.30£33.99 468.20£55.47 374503751  363.20+34.99
TEEA3]5(c) 354.40+42.41 471.80+53.37 375.40+41.04  362.20+38.37

* M=S-D

<E 8ol At Fo] FEF-st F IEWHel wE dX LDH ®stel] tid

0% AHE BH 7} & A
Wslo] A= SHA A Zhzd 344.209F 34630 12]a 35440010 &%
475809 46820 18] 3L 471.80E F7}1FAE Holtlrt 3E 208 7}

N

o
O

e

1

ﬁ
-
=2

-
1.

N
uA)

1

N

N

16.209}F 37450 1e]lal 3754082 Hz}F A4dte] F&E 308 & Zh2E 392

3
B

363.20 1¥]al 362.200.2 % = A%gs B9th
fuel gE AW 94 LDHe] WEhe <o 653 2

<80, 00— T

G0, o0 —]

<40, 00—

<20, 00—

LDH(IU/L)

00, o0 —]

280, 00—

2iE0. 00—

240, 00—




Aol7} v
Aol 7} e}

il

Duncan
a < bc
<t

34

P<OlFZ=o 2 F9

o]

i

F-value
3.708%*
250,021 33
3.817%:%

F

P<.00015 %2

2
MS
203.632
3694.5568

00.296

14.487

2
2

df
4
o4
: P<.0001

¢4 LDIH9 7+
W A7) zkel

3] A
=
skskosk
o

=

5SS
407.264
7389.115
221.184
782.313

D P<001

kok

Sotir] fstel %

7]
A7
o3

D P<O1
9>o sk 7ro]

Source
=

Aol 7k e, 3

Aol

2) 3 EY el

il

°
pad

<

o
a3

K

o

.

bl
Ir

=T

104

- EmEe=s
- — - ==
===

26. 00—
20, 00—

16, 00—
10, 00—
5 00—
0. 00—

i

o

_35_



4. 314 CKe| w3}
1) s|&Eie & g3 CKe W3l

# 10. 3|29 s g3 CKe W3¢ TU/L)

T A $£53F 32008 5 B30%
SRR B E(a) 303.70£53.20 376.00£64.38  357.40+63.93  348.70+66.27
SAEA S E(h) 291.30+55.70  389.70+74.49  359.70+65.24  349.10+64.86
FEEAB E(c) 289.40+53.38  362.30+51.79 335405259  323.60+51.58
* M+S-D

<3 10> A 9F o] EF-3 = FEWwe wE ¥ CKe Walel 1 W)
gol 3 kA, SFAF FE 208 IE 3089 A}ES iz} IEU
o] A7 wWislo]| A= A Al Zhzb 303.709F 291.30 183 2894007 524

Zol= Z+7t 376.00 9F 389.70 1@ 362.300.%2 E7lFAE Holtlrl FE 20
o= 7b7} 357.40¢F 359.70 1¥)3l 3354002 A 7hasle] 3 E 30Fo =

N
1_4
1_4
o

A8709F 349.10 2] 3L 3236002 #AdE AFFS HA
Bk wE A7 ¥ CKe Wl <9 8>3 2}

<00, 00—

280, 00—

260, 00—

240 00—

CK(u/L)

220, 00—

200, 00—

280, 00—




Duncan

a < bc

F-value

&
MS
34.942
716.394
9.138
3.707

o

1

k¢

df

g CK9l

3] A
=

=

5SS
69.884
1432.789

Source

2) 3 EY el

3.624x
193,280

2
2
4

o4

e

NAE

2.465

36.552
200.151
: P<.0001

skoksk

A17]
9=
: P<O1

] 7]
11>0] 4 9} 7ol

-
it

<

=

i3

59

P<OlFrEo =

zpol7F ek, Ak W A7)

i3

59

34

i
i+

P<.0001

-
1.

¥ EE
ol
R

Aoz e

3

0o gl i

12, 00—
10, 00—

_37_

5. 00—
G, 00—
< 00—
2 00—
0. 00—



~o

o)
o

=~
=

o

-

o] &

o] A ¥ ol 7T},

A

7
=

o

B

, 2005).
#214)(1997)

B 3 (1992)2 o

A=)
-

o

LN

)=
Bo| x| ¥ttt

=

=

& 20
z}o]

-

1.

il

°
pad

34

o]

7ol A]
A

ol

gt

R
h=a
=

AA =

r
jor

=
-

AAT} W

<

XK

A

8l

Al

_38_



ol A

7

i

==
&

g

CEEER

5

o A

T8

71H K}

i3

wolr}, EL} o]y

oF 85% 7}

-

1.

[}

40%7}, 104 $-o

ok

=

-

1.

o] 3%

=

H

T °F 70%7 o] W=, 37E Y 2 =(nucleotides— 3}

3]
o 7 35" (Bangsho, Graham, Johansen & Saltin, 199

H
L

AL g ol 2} A BT

%

P e} CP

LA

re

A
vl

8l

e

Rl

P
&

==
=

A

—
o

To
A4r
g

=
il

o
o

o
ﬁo

o}

%
a3

P71 wiZell 3]

X

o}

R4

B ATt $ENFERA o

i3

A=)
-

&kel7]

5

o)z} Qe Ame)

3}
ERUA

53

R4

sk tH(Astrand & Rodahl, 1986). ¥ 7oA o] A 7S 3]

5

-
1.

34

o]
T

Aol

2= 208 A
]

=

= 32dra

H

o}

"
o
Nfo

_39_



b ]ofe] W3

= o
-

2. 3%yl ut

Frolr} Wz 2ARA

T

F74

TEEA B F duvk(Mac Lean, Terry & James, 1995). ¢FFE 1 o}¢]

Z}
A}

il

N

ESCER

el pHH st A

-
XN

o) Aojoh =7}

%

-

thar w2 thTles & Jack, 1980).

o}

3L ®ar 9t (Mitchell, 1990; Rotto & Kaufman, 1988). 4l olvj&}l obrrjo}

ojy

el

PFK (Phosphofructokinase) 2]

3

-
1.

A ZItkar Hat(Mutch & Bainister, 1983)

1

G

A]

A3 v Zeh e eldl pHe 4

al
=

o]
T

TPA ek o v EE

=
=
7}

3

2vazle] A

=1
[¢]

ST AEEHA &

FF F43 5] P00l FEOE

-
1.

AgolA =

A 1141(2000) €]

_40_



54 Huu BEsuo] ol

s}
=

EERS TR

T

3 gmucke] gBe) 27

&
=

()

Aot AAelder|dsE o

=
)

ojy

18-(38~397),

Y

£H(15~167),

—
o

-

S} AL ] A
= Ao AR

3z
3

_41_



=
T

12

[e)

L

g o]

-
1.

of XA

vj & 2~7} LDH®]tH(Moss & Lane, 1971).

=

=

E’l—

==
=

-

1.

$AolA 1ARAZ 9 FEake] AR,
#19)

LDH¢| W3}

&0 2 NADZE HwWA ZHAabo]

=

-

-

1.

&

3l =
Z} Q.

)

o] %
]_ o)
Fol7h itk sl el el A

ol o
T

=<

R4

s LDH”

2}

Raimondi, G. A., Puy, Raimondi, A. C.,, Schwarz & Rosenberg(1975)

3. 32yl ut
HE

NADH" ¢} H" ¢

o] &

u}

ojil

zZaumE Egoly

A7

X

0

x
B

0.78, p<.05)e] 7] wH-of

| Alolol= =& Fd(r

<] X

X

s}
=

ojy
ojn

Nlo

&7

248 Kel 254914 3541714 &)

5

2} o) 4]
- 42 -

H

=

A LDH7} ¥ 23]

Az A

&
=

[e)

L

il

°
pad

FF THIHo] POl o2 {9

o] &

+41(2000)

.

=



.

(2005)<

A s

HAZHOF Aot FAR G AFE

7ol A
2023 2EZvpAbA] B2 H(15~16C), ¥HA1E(38~397),

b o

G

HAl A et TR aL

3E 108, 35 2080 F2ols

Rl I R e I R

g 2 Aol A

shel

B3

7C)ET & 28~30T ol A

o2 Atme},

_43_



£z, adoteln obu w39

-

1.

s

5

A

P
)

CK<| W3}

=

-

A} Ao A BAE free radical®] % 7HNosaka, Newton & Sacco, 2002).

Oy

4. 35l

=

T 42 7HE 2o (Ebbeling & Clarkson, 198

Ho

- —

off ©

S

star olo] uwg} CK7} AX 3HA

5

7}

17 el WE swol wobdvh waA

S

=

dgd el

AR *5e &

<]

-

1.

oA g CK

—L
o

53} A (epicyteperme  ability)©]

ol

:11'__—1

A

veb ek (Clarkson et al, 1992).

e

—

Nfo

&
=

Z oE

ojy

4
i)

A}
i

A
=

Fol CKe &

5

o W

A =Skt

5

t}. Saxton & Donnelly(1995)2 a7} % 2]

=
e

l

F5 BAE) POl FEOE f9

I

Al

ojy

Wamare] CK

(2005)--

=
(¢}

HAd

< Aade e

e

N
Nfo

-

34

oo

-
1.

tgom, of

S

HAl A wERsE AL

S

2, 8% 2084 9

_44_

wehskel Akt 2

&

ey

72)



49

(37~38C)ut} w2 28~30ColA

KeX
Aol AAAT) Wamwlel Eitsh 2ol

A

Ein

3

b2

Al

-

ojy

_45_



e

BX

o] 477 )

o
iz

r
ey
=K
~
iz
ja]

o %

o]
T

o &=

K

K

ojy

K

3

boll 51317

~

7]

B
]

s
=0
r
ey

—_—

—

=

K

_46_



CKé] ®s}e] f

=1
=

LDH

N

=

=y

—_—

0

3

3

28

#g3 A7)

FFE) A

o

o

o))

_47_



e}

3ln

Aele M

N

(1999).

3} 3], 652-662.

=35}
7+(2001). 2t

8t3]. FA X

ZA %

7:5_]__

AT

mlAA| 7} 3]

A58 A, 40(3)

o
"y

Eia

%

‘.m.o

825-834.

B4

=1
=

o5%
ol FEWste) .

((2000).

-7
T

717171(2001).

4] §-313] A, 40(1) 481-489.

Eia

ZA) o) st AbS AT shel.

é-_]__

AEEESS

5(2) 296-302.

ol
B

wK

~
o

oy

oF
A

X

A

&0

N

2

(2008).

A

A {83 A, 17(2) 819-831.

(2004). A9k )2t ey

)

7
ol

#, 23

&0

—

~NH

ZA)5313) A, 43(4) 369-378.

Eia

%

3

o mz=

T B A AL =

&
o

g

Eia

= [
TAE

=) 3] 7 (2002).

= R]§83] A, 41(3) 317-323.

_48_



AT FxtA K83 A, 5(2) 59-71.

Bho-x], T, o]F7ZH2004). A HE23ES 9% EF Pxo HF. 3
o] A K3} 3] A, 18(1) 67-75.

Wgd, gAY HA4(1997). e EdEd 5 F EUyd e ¥

% Z2F 2 Epinehrine, Norepinephrineo] W3}, 3t=rA)8-3}3] A, 36(4)

e4d, FEA, olFZQ2004). HFFEFE T FFH FAHI tHAG &9
H 1l gh= o] A 5813 A]. 18(1) 77-84.

$387(1992). $EF IRubdo] w2 ANAYA 2 FT=E urSd B3I oA
T P BRALEk el =R, A2t th ek,

ASF(199%). &5t Z=rt @5 GEUet ¥ Ak o mA= F3F Wl
k2 =2 0] 813 K], 13(2) 183-190.

29, ol &3(2005). LEF ~EHART N &N} FEHBe] mAE

ol

g FTAE =T AR, 16(5) 467-486.

ri

o] 7 4(2003). 8F:7ke] 2 F o] Hriu| Ao HEFAHE 6F-1 LA

o
r
o)
2
2
)
>
.
&
o9
k)
_\|‘_,
o2
Y
>
S
O
(i
o
ks
P
=
_|_C|>l_5
El
f
o
[>
b

o9, PAA, Bule, wd, oMW, 2FE, WA, FHBE). A
Ao $ENF FEe AW 2E2GUL A ol ZAtol A,
o1BH, AF002). W FAelA el 2els] $Fo] F

g4 9 testosteroned} cortisol&H] H]-Eo| mA= HIF &3, 11

o

creatine kinase

ol

(2) 393-494.
| G%(191). dlolmulx $FHItY o3 UA. AL BRI olojzy]

_49_



43.

o] <(19%). =7t E g vttt = HF] AHrs 2 gl B3 o

l"‘]

0] 2](2002). =AHAF9 FHE HYolE Esdold Zzafo] AWl
H R FF. v Aol =g, A7t sk,

1471 (2003) 2 AT T ool Y dEUol ®igle] mXE I
S A %313 A, 42(5) 697-705

152, A4, 49, §A4F, o5, o8, 4 (19%). L2 4
7 38 e #3 EdaF AKSATHAA FF HuA.

47E), FFR(1998). Aol EEH o, A : thtn|Tiol.
FR(194). FUEEHR FLEFol Fo ) 2N FEol WAL 9F. 0

el HApEksleR, Aeista v s

e, Aef, o]85(1999). 9 Edold. A2 HZEHAL
A3 7 (1990). EEAAME dof2HAL 5. Fxdolzu] A AZHAHY I,
1(2), 69-74

52 £938H1992). Hst &5 F ¥ LDH 2 CPKEA 9 Wl #3 o

4
i)
rek
I
e
N
L
o

313 4], 10(2), 189-1%4.
2, AAH, 59(2002). FA7Ee] EEA dASIAIAFH I ZH 2 gt
A

A AR, B FAT £49 =HFE S Mt mAs

_50_



B A 535 A, 41(4) 491-506.

A, KEFFHE (2003). P v—=r ZFARE ARER.

Astrand, P. O., & Rodahl, K. (1986). Text book of work physiology: physiological
Basis of Exercise. New York, Mc Graw Hill Book company, 21, 327-33
4.

Bangsbo, J., Graham, T., Johansen, L. & Saltin, B. (1991). Muscle lactate meta
bolism in recovery from intense exhaustive : impact of light exercise.
Journal of Applied Physiology, 77(4), 1890-1895.

Banisstr, E. W. & Cameron, B. J. C. (1990). Exercise induced hyperammonem
ia: Peripheral and central effects. International Journal of Sports Medici
ne, 11, 129-142.

Banister, E. W. & Giriffiths, J. (1972). Blood levels of adrenergic amines durin
g exercise. Journal of Applied Physiology, 33(5), 674-675.

Bonen, A. & Belcastro, A. N. (1976). Comparison of Self-selected recovery
methods on lactic acid removal rate. Medicine Science Sports, 8(3),
176-178.

Bourdin, M., Messonnier, L. & Lacour, J. R. (2004). Laboratory blood lactate
profile is suited to on water training monitoring in highly trained ro
wers. Journal of Sports Medicine Physiol Fitness, 44(4), 337-341

Brooks, G. A. (1985). Anaer obicthre shold; review of the concepuand directi
on for ruture res earch. Medicine and Science in Sports and Exercise, 1
7, 22-31.

Brown, S. h.,, Child R. B, Day S. H. & Donnelly A. E. (1997). Indices of ske
letal muscle damage and connective tissue breakdown following ecce

ntric muscle contrsctions. European Journal of Appied Physiology, 4, 369

_51_



-374.

Byrnes, W. C., Clarkson P. M., White, J. S., Hsieh, S. S., Frykman P. N. &
Maughan, R. J. (1985) Delayed onset muscle soreness following repea
ted bouts of downhill running. Journal of Applied Physiology 559, 710-
715.

Clarkson, P. M., Nosaka K. & Braun, B. (1992). Muscle function after exercis
e-induced muscle damage and rapid adaptation. Medicine and Science
in Sports and Exercise, 24, 512-520.

Costill, D. L. (1986). Inside running : Basics of sports physiology. Indianapolis:
Benchmard Press, Inc.

Davies, J. A. (1985). Anaerobic threshold : review of the concept and directi
ons for future research. Medicine and Science in Sports and Exercise, 17
(1), 6-18.

di Prampero, P. E., Cortili, G., Celentano, F. & Cerretelli, P. (1971). Physiolo
gical aspects of rowing. Journal of Applied Physiology, 31, 853-857.

Donnelly, A. E., Clarkson, P. M. & Maughan, R. J.(1992). Exercise-inducd mu
scle damage: effects of light exercise in damaged muscle. European Jo
urnal of Applied Physiology, 64(4), 350-353.

Dragon, 1. (1978). Organism recovery following training Bucharest, sport-Turi
sm. Internationale Zeitschrift fur Angewandte Physiologic, 28, 155-161.

Ebbeling, C. B. & Clarkson, P. M. (1989). Exercise-induced muscle damage a
nd adaptation. Sports medicine, 7, 207-234.

Faulkner, J. A., Brooks, S. V. & Opiteck. J. A. (1993). Injuru toskeletal muscl
fibers during contractions : conditions of occurrence and prevention.

Physical Therapy. 73(12), 911-921.

_52_



Faye, J., Fall, A., Seck, D., Badji, L., Faye, E. M. & Cisse, F. (2002). Bicycle
test; measure of anaerobic power, heart rate and blood lactic acid. D
akar Medical, 47(2), 239-243.

Fox, E. L. (1981) the physiological basis of physical education and athletics. 3rd e
d. Saunders College Publishing Philadelphia.

Gleeson, M., Walsh, N. P., Blannin, A. K., Robson, P. J., Coo, k. L., Donnell
y, A. E. & Day, S. H. (1998). The effctof severeec centric exercise-ind
uced muscle damageon plasma elastase, glutamlne and zinc conce nt
rations. European Journal of Applied Physiology, 77(6), 543-546.

Gollnick, P. D. & Hermansen, L. (1973). Biochemical adaptation to exercise: a
naero bicme tabolism. Exercise and sports in science review, 1, 1-43.

Grujic, N., Secher, N. H., Bajic, M., Turkulov, D. & Bacanovic, M. (1987) Ph
ysiological characteristics of rowers. Seventh Balkan Congress of Sports
Medicine, 102 (Abstract).

Hagerman, F. C. & Staron R. S. (1983) Seasonal variations among Physiologi
cal variables in elite oarsmen. Canadian jourmal of Applied Sports Scien
ce, 8, 143-148.

Hagerman, F. C . (1984). Applied Physiology of rowing. Sports Medicine, 1, 3
03-326.

Hagerman, F. C.,, Hagerman, G. R. & Mickelson, T. O. (1979). Phusiological
profiles of elite rowers. The Physician and Sports medicine, 7, 74-83.

Hansen, A. k., Clausen, T. & Nielaen, O. B.(2005). Effects of lactic acid and
catecholamines on contractility in fast-twitch muscles exposed to hyp
erkalemia. America Journal of Physiology Cell Physiology, 289(1), 104-11
2.

_53_



Hermansen, L. & Vaage, O. (1997). Lactate disappearance and glycogen synt
hesis in humans after maximal exercise. America Journal of Physiology,
233, 422-427.

Hermansen, L. & Osnes, J. B. (1972). Blood and muscle pH after maximal ex
ercise in man. Journal of Applied Physiology, 32(3), 304-308.

Horita, T., Komi, P. V., Nicol, C. & Ky folainen, H. (1999). Effect of exhausti
ng stretch-shortening cycle exercise in the time course of mechanical
behaviourin the drop jump: possible role of muscle damage. Europea
n Journal of Applied Physiology, 79(2), 160-167.

Iles, J. F. & Jack, J. J. B. (1980). Ammoinia: assessment of its action on posts
ynaptic inhibition as a cause of convulsion. Oxford Journal of Brain, 1
03, 555-578.

Jennifer, M. S. & Jeffrey, B. B. (2001). Role of vitamin E and oxidative stress
in exercise. Journal of Nutrition, 17, 809-814.

Jensen, K., Secher, N. H., Fiskestrand, A., Christensen, N. J. & Lund, J. O. (1
984) Influence of body weight in physiologic variables measured dur
ing maximal dynamic exercis. Acta Physiological Scandinavia, 121, 37A
(Abstract).

Karlsson, J. & Saltin, B. (1970). Lactate, ATP, and CP in working muscle dur
ing exhaustive exercise in man. Journal of Applied Physiology, 29(5), 59
8-602.

Krebs, P., Zinkgraf. S. & Virgilio, S. (1983). The effects of traininf variables,
maximal aerobic capacities, and boby composition upon cycling perfo
rmance time. Medicine and Science in Sports and Exercise, 15, 133.(Astr

act)

_54_



Kuipers, H., Keizer, H. A., deVries, T., van Rijthoven, P. & Wijts, M.(1988).
Comparison of heart rate as a non-invasive determinant of anaerobic
threshold with the lactate threshold when cycling. European Journal of
Applied Physiology, 58, 303-306.

Larsson, L. & Forsberg, A. (1980). Morphological muscle characteristi cs in ro
wers. canadian Joumal of Applied Sport Science, 5, 239-244.

Mahler, D. A, Andrea, B. E. & Andresen, D. C. (1984). Comparison of six
minute ‘all-out’ and incremental exercise tests in elite oarsmen. Medi
cine and Science in Sports and Exercise, 16, 567-571.

Mason, B. R., Shakespear, P. & Doherty, P. (1988). The use of biomechanical
analysis in rowing to monitor the effect of training. FISA Coaches Co
nference, Excel, 4, 7-11.

Merton, P. A. (1954). Voluntaty strenght and Latigyue, Journal of Physiology,
123, 553-567.

Metzher, J. M. (1992). Mechanism of Chemome chanical Coupling in Skeletal
Muscle During Work. Perspectives in Exercise Science and Sports Medici
ne, 1, 1-52.

Miller, P. C, Bailey, S. P., Barnes, M. E., Derr, S. ]J. & Hall, E. E. (2004). Th
e effects of protease supplem entation on skeletal muscle function an
d DOMS following downhill running. Journal of Sports Science, 22(4),
365-372.

Miles, M. P. & Clarkson, P. M. (1994). Exercise-induced muscle pain, sorenes
s, and cramps. Journal of Sports Medicine in Physiology and Fitness, 34
(3), 203-216.

Mitchell, J. H. (1990). Neural control of the circulation during exercise. Medi

_55_



cine and Science in Sports and Exercise, 22, 141-154.

Miyama, M. & Nosaka, K. (2004). Influence of surface on muscle da mage a
nd soreness induced by consecytive drop jumps. Journal of Strength a
nd Conditioning Research, 18, 206-211

Moss, J. & Lane, M. D. (1971). The regulation of glycolysis and gluconeogen
esis in animal tissus. Aduan Enzymol, 35, 321-422.

Mutch, B. J. & Bainister, E. W. (1983). Ammonis metabolism in exercise and
fatigue: a review, Medicine and Science in Sports and Exercise, 15(1), 41
-50.

Newman, E. V., Dill, D. B. & Edwards, H. T. (1957). The rate of lacticacid r
emocal in exercise. America Journal of Physiology, 118,457-461.

Noaker, T. D., Myburgh, K. H., Du Plessis, J., Lang, L., Lambert, M., Vande
r Riet, C., et al. (1991). Metabolic rate, not percent dehydration, pred
icts rectal temperature in marathon runners. Medicine and Science In
Sports and Exercise, 23, 443-448.

Noakes, T. D. & St Clair Gibson, A. (2004). Logical limitations in the "catastr
ophe" models o fatigue during exercise in humans. British journal of
sports medicine, 38, 648 - 649.

Nosaka, K., Newton, M. & Sacco, P. (2002). Delayed-ons et muscle sorenes d
oesnot reflect the magnitude, Scand Journal of Medicine and Science in
Sports, Dec, 12(6), 337-346.

Ohkuwa, T. M., Satio, M. & Miyamura. (1986). Plasma LDH activity and LD
H isoenzyems after 400m & 3,000m run in sprint & long distance ru
nners. Journal of Sports Medicine and Physical and Fitness, 26, 362-368.

Pyne, D. B., Boston, T., Martin, D. T. & Logan, A. (2000). Evaluation of the

_56_



Lactate Pro blood lactate analyser. European Journal of Applied Physiolo
gy, 82, 112-116.

Raimondi, G. A., Puy, R. J.,, Raimondi, A. C., Schwarz, E. R. & Rosenberg,
M. (1975). Effect of physical training in enzymatic activity of human
skeletal muscle. Biomedicine, 22, 496-501.

Rotto, D. M. & Kaufman, M. P. (1988). Effects of metabolism products of m
uscular contraction on discharge of group III. And IV. Afferent. Jour
nal of Applied Physiology, 64, 2306-2313.

Saxton, J. M. & Donnelly, A. E. (1995). Light concentric exercis during recov
ery from exercise-induced muscle damage. International Journal of Spo
rts Medicine, 16, 347-351.

Secher, N. H. (1975). Isometric rowing strenght of exeperienced and inexperi
enced oarsmen. Medicine and Science in Sports, 7, 280-283.

Secher, N. H., Vaage, O., Jensen, K. & Jackson, R. C. (1983) Maximal oxygen
uptake in oarsmen. European journal of Applied Physiology, 51, 155-162.

Secher, N. H. & Vaage, O. (1983) Rowing performance, a mathematical mod
el based on analysis of body dimensions as exempl of I de by body
weight. European Jourmal of Applied Physiology, 52, 88-93.

Secher, N. H., Espersen, M., Binkhorst, R. A., Andersen, P. A. & Rube, N.
(1982) Aerobic power at the onset of maximal exercise. Scandinabian
Journal of Sports Science, 4, 12-16.

Secher, N. H., Vaager, O. & Jensen, R. C. (1983) Rowing performance and m
aximal oxygen uptake in oarsmen. Scandinavian Journal of Sports Scien
ce, 4, 9-11.

St Clair Gibson, A., Lambert, M. 1. & Noakes, T. D. (2001) Neural control of

_57_



force out put during maximaland subnaximal exercise. Sports Medicin
e. 31, 637-650.

Szogy, A. & Cherebetiu, G. (1974). Physical work capacity testing in male pe
rformance rowers with practical conclusions for their training, Joumal
of sports medicine and physical Fitness, 14, 218-223.

Vickers A. J., Fisher, P., Smith, C, Wyllie, S. E. & Lewith G. T. (199 7). Hom
oeo pathy for delayed onse tmuscle soreness:a randomised double bl
ind placebe control ledtrial. British Journal of Sports Medicine, 31(4), 3
04-307.

Ziffren, P. (1984). Olympic Record. Los Angeles Olympic Organizing Committee.

University of California: Los Angeles.

_58_



	Ⅰ. 서    론                
	1. 연구의 필요성
	2. 연구의 목적
	3. 연구 문제

	Ⅱ. 이론적 배경
	1. 조정 경기의 이해 
	1) 조정경기의 기본적 특성
	2) 조정선수의 체격적 특성
	3) 조정선수의 심폐기능
	4) 조정선수의 근기능 및 무산소성파워

	2. 피로의 이해
	1) 피로     
	2) 운동과 혈중성분  
	3) 근 손상 지표물질  

	3. 선행연구

	Ⅲ. 연구방법
	1. 연구 대상
	2. 실험 설계
	3. 측정 도구
	4. 실험측정 및 방법
	5. 자료처리

	Ⅳ. 연구결과
	1. 회복방법에 따른 혈중 젖산의 변화
	2. 회복방법에 따른 혈장 암모니아의 변화
	3. 회복방법에 따른 혈장 LDH의 변화
	4. 회복방법에 따른 혈장 CK의 변화

	Ⅴ. 논의
	1. 회복방법에 따른 혈중 젖산의 변화
	2. 회복방법에 따른 혈장 암모니아의 변화
	3. 회복방법에 따른 혈장 LDH의 변화
	4. 회복방법에 따른 혈장 CK의 변화

	Ⅵ. 결론 및 제언
	참 고 문 헌 


