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(Nelson & Bandy, 2004; Diong et al., 2022). ©] o|%= &u]o] A& glo] 857+

AR W BEY £F AT FAL FAF A, AR £F 250 w29 &

A3 #38 THE JNAS L (Katsura et al., 2019), AF-d A o 2anE S o] &3l
115739 k4] A 7% 52 =909 & x99 7les TAAHOH T,

T+ =
@ s} v 9 Gt A9S At (LaStayo et al, 2003). E thE AT
A z
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p=h
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1) AFA 3 %5 (Eccentric contraction exercise)
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=

=
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+8-9] 4~=(muscular contraction)°l] <]

(1) &2 (Muscular strength)
3)

0]

2) ©=A = 2 =(Concentric contraction exercise)

o

ol

ijy!

7]

A

wlk
=

Rl A A FA

3|
&

=
[}

(2) <A 7+ (Muscular endurance)
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(3) <174 (Flexibility)
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2 A4 7HsH 9 (range of motion, ROM)E A& A=

XM

e

& E el

4) 714 ##A A H(Skill-related physical fitness)

2 (Power)

(2) 229 =(Speed)

o
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(3) WHA (Agility)
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Awre) wpEAL,
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(Isokinetic muscular function)
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I1. o] 24 ®j73

T2 AS S S50 ue} XA f-(slow twitch oxidative fiber, type 1)9} &+
A f-(fast twitch glycolytic fiber, type IIb), A3} &9 3 AAE z2h= S0
A fr(fast twitch oxidative fiber, type Ha)® Yo & < A} (Burke et al,
1971; Hoh, 1992; Zierath & Hawley, 2004).

A e AE W2 e Adash Agete] s YAl Adshs vheleF w2l
(myoglobin)2] & AAE ol &ste] F ARQl g stEoly AWE FAkAA
o7 Hasle nEFZE=gok(mitochondria)®] WE7l How AlhFdgol &S
Fst= ZAE Ao g o] 9 th(Needham, 1926; Jackman & Willis, 1996).
olZ Q&) B wo] HZ(red muscle)o) et E ], Al FE & FEd]
of Akst2 A fr(oxidative fiber)etil E&7]% gty dwibr o=
of thgk Aol At FAkAd oA Fw s o] Eof E& Aol &

HAe 2R AEE st vhol Al ofdlxmAl 7k &2 (adenosine

o{.
1;

H =2
hU Mg

Sl
A



S AT e vl e g Rl e

triphosphase, ATPase)?]
(Schwerzmann et al., 1989).
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%ﬂg%@%% NI B S
f B i el gt X TH —
PP TAalffzazglo
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FERPP IS E AT E TR o
R N wl i B T T M % e X TH
W.,W@ﬂ%%%%m%mmmaﬂ%%ﬂEﬂ
do oy T OB E = m o o X of
ﬂ%ﬂgﬁ).ﬂ%@ﬁe@ T T T ooy %@
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E) H w5 = T qro T o X 4 o) o i
Mo @8 < oy ® SR ) b
oo BT N B I o
G L (s ™ = = LW K | T 5 rJ W ol
~ = —_ = A il
— X ﬂJu,._ m - OE 0 Mu :i — 5 wA..* o _ \_J,w-.._ Orr
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Mo AR LT T No X W Mo N % T ok oF

2}9l E (myosin

o)
=

uho] & 41

M ¥l (actin) 7
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contraction)©°] &

4 A THRocchi et al.,, 2016).

=
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o] dojd

o)

tHRezaeimanesh & Farsani, 2011; Vargas—-Molina et al.,

ot

3

contraction) ||

ol

B

X
A

]

ioF

2021). o]= 9

Zbol A1 1RM

(one repitetion maximum) 2.2 100kgE o] 2 = U= Aol 70kge]l FA

o

—_—

Fr

JH

=
=

)

o
do

)A

1RMe] 130kg o =

ke
T

o] At o

)

—

0

A

ol
)A
N
ol

100

JJo

N
A

Al
hi

ol

XM
o

B

1o}, o ol

3
R

&

A
2]

A=A = A

= Zh A,

oAl 7]
F4e 4 A (Spackman, 1971).

Nlo

e
o

= 7

]_

AA = FE(isotonic contraction exercise)> &S

7
Nlo

AU g ol

J|

3
Z(eccentric contraction)¥} ©=A]

ul
=

tlo

i+

T35 T+ L4 (sarcomere)©]

(concentric contraction) 2. & T-E& 1

o~ =
T

A

ok

¢

B

;OO

—

(Mike et al., 2017). ©]#]

o
o =

4 (dumbbell) o] Y v} (barbell)

d=, #

ki3
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=
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el
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o
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Ho

of 27l Sl LdojAHA

=
=

3)

&

Fod

o

Aol 7

bupel

S

o520 Aolrk st o

H=rdoll A 2]

S

2]

a2 Z<(pull up) &
of whg} Zol7}k

el
=

s
T =
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el

Ea T s
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=
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APAA eml o] A= (physical fitness)> SA14 55 & 5 A= AlAY 3lojH,
Aol 9 wejoll gk o] AdeHolA AA Wl Alxdo] E&4ow §HE
sto] ¢Izte] AEI} Ao glo 7x7F He AAA sEoz Aotk (Corbin
& Lindsey, 1997). 717+2] 7]¥ko] H= AHL U
A7 AHE Brbets AR AREE e, AHe 2 Tl wel 2 AolE
Helth diAl= 100 Fw3E 200 207 E A7t AlY FFo] M =2
A71& B, o] Fol= A L o] Yol wmdv]el §438 Hadste AFEFS

Holk 3 19809 ] SolHRA 5% ¥E % gao] BE AZYe] BAHE)

|

mlm
Hn
p‘L
k!
iuf
o
_0;
'
ol
=
lo

Y

AR AR EAlR W e 2l RE A td dalo]l o

o
et al, 1989). ol&g AHL =AA F 7HA] 84=E vro] B 5 vk A4S 74

A3t Azko] ofW AL FaAsH Bad sxAelm AEAA 2] 5o
=
-

o7 FEHATH(Falls, 1980; Casperson et al, 1985; Corbin &

A% Asdow §4 @ FHahs AW opel AL ey e 2ol
& WA AP U BLHACSM, 2019). ol WA, ANA 2Eelze] 7h2s)
A a4 AN AYE W Zadolm, 4B % AARA Ada

dEE AN SN dFS v (Ensel & Lin, 2004; Lankhorst et
al, 2021). 5, AA L] Fa2 A AHe] Ash= 2 Adstn PEI 4L
FoAsted ad A s Asts: fFaty] wiel 1A & Fis AA
st i A BE AEe] ool i FH vk(Mak et al, 2010). 17 #¥

A AA T4 (body composition), 3 (muscular strength), *]7 2 (muscular



endurance), A9 A2 (cardiorespiratory endurance), -4 (flexibility) & 571 ¢]

o < al=
8ds I

ke

(1) 21474 (Body composition)

AT AAE TARE GFE FP BA i, B £

_\3
N

12

H| &S 3ch(Wang et al, 1992; Heymsfield, 2005). ©]1E T4 3t A2 384
=W A g3} (carbohydrate), T & (protein), A% (fat), 4= (water), 7] 2

(minerals) & 3X3stH, xZ % FWHA = I (skin), W (bone), <+
(muscle), W& (visceral) 55 E&3H(Malina, 1994). o] A H o2 F7loln
A", Holsd & XA H FHA Q19 J3FS ol Wsgtt. AlA 9
TAL A A HEHX S (body mas index, BMI), 32 % o] Z# H|&(waist-hip
ratio, WHR), 3|57 ¥ (skin fold test), % | ¥ (underwater weighing), °©l%
o =] A~x F4 A=W (dual energy x-ray absorptiometry, DEXA) 3 2-&

WHe Fa 5740l 7HesttH(WHO, 2000).

(¢}

(2) &2 (Muscular strength)

288 23 (muscular contraction) 0.8 913 WAslE A0 EoUA R
A 7koll thste] o] g Wl HjE AAE ¢ e T Fs I <99
A7) &% T (motor unit)®] FoF FAFE B AAS FEAIE A=
Hlxo] vigsty, 2% dH A9 lem® 9 4~6kgd 35 w3 3hcH(Draper, 2014).
L5 WA 2Afe T, #Ee Adx 259 o] T thekdl

A

s
. I
=1 O
8Rle g&s w

dtol 28 o] AA ¥ rh(Kumar, 2004). S1zFe] Arol7bH A Faahe=

—

BEE AAgse BE dgAF] #AHdE olet e EHo 93] o] Fojxu
+8e AuE g8 554 275 HAAMGsokinetic test) EixE YA OE HAL

(wingate anaerobic test)& €3l 7Fg A& SAHAE S 5 AtkUnbar et
al., 1996; Suchomel et al., 2016). ©] £d%= <& w8 T3 2 #HHS F35

ZAo] 7}53tt(Imagama et al, 2011; Shin et al., 2017).
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(3) &A]72 (Muscular endurance)

of\
rl
i)
fr
N
S
2
o
_O‘L
rlr
>
m
N
X,
[-']I.
e
X
r o
rl
N
Ay
o
N
og\jl
ol
M,
P
o)
>
o~
offl
ne
ot

S F ATk o] Yol SIEdoT|y], FwslH |, kUt A7), o wiE
2 7], gdo] T3 22 WHS F3 SA o] stk (Hayes et al, 2004; Vaara

et al., 2012; Sanchez-Moreno et al., 2020).

(4) 219 A -2 (Cardiorespiratory endurance)

oA &&S =9 &o A& M A & A (Vincent et al., 2002). L&l
=

e AAATHE oUAE A FHska olE WEs] Awse] thime

goh(Lortie et al, 1984). AHAA T FF/ARA7 9} Edud s o] &3]

7HE AEgE SAHGS A5 4 dtiUgnjatovic et al, 2011). o] Qlox= FH =
2015; Rakasiwi et al., 2020).
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wo] o= 7HA

of oJ3] 4
oe] 77 28 @ #4o] Hu 7Fs¥ $l(range of motion, ROM)E
1

0]
yal

=
[€)

o e #7E Al
o] A &

Ihsh urel Al

o
R

o|tH(Eston et al., 2007).

(5) <174 (Flexibility)
[€}

-

7]

Jo

T
A

ol
W
ﬂwo

—

ol

o)/
0
g
o=

NS

o
00
go
~

;OL

Xfo
M

tlo

o
B/

el

0

A4,

)

‘AO

—

[e)

171(A$=),

9

3t} (Baltaci et al., 2003; Grabara, 2016).

5 ©

-

o] 7}

al

3

171(#Fd =), d= sls 4

°

2
WHe 5

ke
L

Aol A o] AHA,
1-

e

k]

W

(O

=

371:]:

A

2) 7

14

A

671 <

=

[€)

<=1+ (power), =¥ =(speed), "1

d (coordination), ¥H&A]{H(reaction time)

o

[€)

[€]

& A (balance), &

e

U}(Caspersen et al, 1985). o]+ &

}

0
yad

714 ¥# A= (skill-related physical fitness)©]
23t Luo et al, 2023). 7<% #d A

(ACSM, 2003), 57

(agility),

o
3

3

)

—~
fite)

s
=

el
TR

p—

0

-
)

Ny

i
A

o)
i~y

~

o
~

ol
W
G

b
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(Johnson & Nelson, 1969). ©]#]

2 & 39 (muscle power)gtalx &

g gAlE see

1
-

A7

A% A 7ke] 10~

g,

7} @ tH(Thomas et al., 2009). &

=

A= WHA] 7

PN
T

12

A

A 3} A (ATP-PCr system)¥}

219

Ak AR

e
A THAImuzaini & Fleck, 2008). 5] w7

L
—a-

4

s

12x

AAbe] el #\7], AR Eel #171,

KN
T

}cH(Van Dalen, 1940;

S

s

Stockbrugger & Haennel, 2001; Krishnan et al., 2017).

(2) 229 =(Speed)

=
=

sho] 414)

Tr

=)

WA

HE ) mz 7] gz 518

ki3

)

|

o] &=
A= |

g ofe

AAE B H(Pepailillo et

qr

o

o

tlo

(Young et al., 2008).

(3) 1A A (Agility)

o)

s

ml

i, Ak=roll v st

9|

oh oAl

ol
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214 ]

-

R

o]t}(Johnson & Nelson, 1969). ©]

FA ol A

3l

£

-
e

AAY E2S A=A v

AH(Acar &

PN
B

=]

A

)

|

At (Davis et al., 2004).

]

S o0
= 3z

Ry

3 #AHIlinois agility test), Atol =228 AA} Fulg G 7],

Aem, AA W oA

/\61 o]

J

&s

il

Eler, 2019).

}o}(Sporis et al., 2010;

5]

b

gl

=2z
=

el

CRs

Kutlu et al.,, 2012; Raya et al., 2013).

A2z e

& Al (Balance)

3

il AlA el A

(4)

I

o

7] = 2 A

e

o~
Ho
o

Bl
7|

sk o 2 M (Silsupadol et al., 2006), AFAllt

o
W

al

—_
file)

ol

T
o

R IR

37 95

o
T

Kol
=

2| 7}

Al

&R E A

e}
=

[e)

T

37

o

]

I

=3
=

pEA

st} (Pollock et al., 2000). ©] *]

TC =

o~

o
A&

b

S

o]

Woll A b4 Al (stability) @+ A &4 (orientation)

A

=
7U
JH
ol

0

ase

ﬁo

_1’7_

<-4 (Coordination)

2

h=

(5)

kA 7] Y- HAHY-balance test) 53}
(Riemann & Schmitz, 2012; Shaffer et al., 2013).



S TEe wath oAy A7, A7 B e A4e wigewm AA 7 $97

= = 1, 70 =
Az gHstel AUl B4 Mndy JA) AT & YRS HFE
geAe Ame 543 dgdson £5S 49 & At VEAH WA

#8538 #HAHeye-hands

oL
flo
Hr

|
¢

##Ho] Arh(Szabo et al, 2020). H-ZA
coordination test), & WA 7] #Ak(ball throw test), & =}7] 7 AH(ball kick test)
S T2 WWeS Ed Ao 7bsdltHGardner, 1979; Matos et al, 2022;

Setiawan et al., 2023).
(6) WF-S-A]7FH(Reaction time)
HESAI7HE A7) o Ash = Qe A7 5ol AJHEHEE 1o tigk vkg-9

N#ak A2 Apold] A ® AE BIT A3 o] Fo] ERE FAa]|74A o

(sensory receptor delay), @ =Z2] 417 e (neural

N

i
T
o

>,
N
N,

rlo
N
N
N
N
>
fo

N

XN,

re

transmission to the cortex), 542 #<d(central processing delay), 2= 9]
A7 A (nerve transmission to muscles), @52 FA 2 &As}t Al ZHmuscle
latency and activation times) T2 = Z8¥ th(Teichner, 1954). ©]& Hlg o=
2 AIZE Ulo]l A AE Folxl =S EAste] 8Fske whSo] dis] de o

S, BAHS G4 F YRS WS AN ¥ 2Asten d wgAe

i
o

>
)

HE-S- H AM(choice reaction test), Al ®F§- FHAF(whole body reaction test),

213 7] Al(tabbing test), 2~¥1%4 FAM(stepping test) 53 & WHES S8 =Ho]

7} 3FcH Greenwald, 1970; Taware et al., 2012).

3. 854 ZVls
5474 (isokinetic) ol & 53 HE=E5 oudl= dWolz, 554 G5 (isokinetic
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A% £ 1o Wl wetk S 2 a9l 9

el

N
N

.El

o, o

3z
=

ofol A

=]
(Burnie & Brodie, 1986; Baechle & Earle, 2008). 534 +=3 S48 F=

o
[¢}

= Edold

I~ 3L
s ol

Tor

]
2y

e

ol

HESlol 9ol A

17] ol gt}

S

Kl

Aol A zke] 7}

1o & Ao

-
s

1y

0

~I

of

o] ofuie}

al

K

f 4] =

9]

b7t Fold B

S

A A AA F

g2 A

CERIEEE
o &e W% v

d

7159

A glol

ki3

EERE LR

)

3|
=

)

1

]

PN
T

o

o)

)

}oh(Fleck & Kraemer, 2014).

S

=
[e]

Wol 7}

3

H] 3

=
=

AN EEA, Vitti (1984)

1
T

o] §-3}e]

o] Fo{x]a1 9l Tth(Johnson

& Siegel, 1978; Buldett & Swearingen, 1987). ¢o|& Z+zte]

mK

ﬁo

ot (Dauty et al.,, 2014; Coudeyre et al.,

15

o} &7eta)

=
b = 9tk Aol At (Kawamura et al., 2022).

s

[SX:):|
B RUs

Fel el o

Mg AbgE

=}

15

[e)

5

o] 9=

2016).

(isokinetic muscular function)< #}o] 2 92~ (Biodex), A}o]# 2~

7%

—L
L

(Cybex), >4 & 2~ (Nautilus) 53

—~
o

dr

=
=

o]l (Aboodarda et al, 2011; Alvares et al, 2015). ojuwje] u}z}n]E

—_
file)

A

A AN

Z1o] EAo|tHBeam et al, 1985; Perrin, 1994). o|wj], 7F

)

-

e

ol

ﬁo

el
B!
el
T
nJ
zel

4
Do

file)
Ny
H
]
,ﬂl
ol
!

o
uze)

the

o]
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output) &2 UEIUY, S&A T 3o o
HAZE EASHE]l & Bethoux, 2013). 5443

(i
My
1
)
o,
_—?L_',
1
=2
rlr
oo
i
Jp
ol
o,

~N
olr
o
Me
4
ol
rlr
rE
[-‘O
rlo
B
=

E = (peak torque), B 39 (average power), & U H(total work), HHNEZ 43

7} = (joint angle at peak torque), =XF7F& oY A](torque acceleration energy),

&% el 7hsAel AxEe FE(agonist) ¥ A &t(antagonist)] 3 M| &,

-9 78 ¥E& So] dtH(Maciel et al, 2023). °olF TS sz W

ellA #del 85 vetd ¢ de HAde 5 HAd Eae 7P Wd
Z H

by

o

.

o
o
=2
2
N

i
R
o
i)
<
2
g
oX,
o
N
N
N
R
X0
2
i
k]
N
b
f
1o,
2]
ofo
=2,
(o]

o] 3t (Kannus &
Beynnon, 1993).
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III. A+¥

0:

H

w A7 A= @ItdF) AR a5 e 94 75 25 o
A el A4 % e dd Agy 544 2wl MAle adE &
= Aot & Ao dAAQ] HAMA= <Figure 1>3 .

Excluded [
- BMI = 30kg/m’ (n=10)

Recruitment (n=35) ]

1

Participants (n=25)

I

Random assignment

ECG (n=8)

(Eccentric contraction exercise group)

CCG (n=9) CG (n=8)

(Concentric contraction exercise group) (Control group}

|

[

Pre-test (0 week)

Pre-Post test items

I

Lost to follow-up
- Drop the study for pain and disease in ECG (n=1), CCG (n=2)
- Drop the study for personal reason in CG (n=2)

4{

- Body composition

(75 min, 3 days a week for 4 weeks)

Eccentric vs Concentric contraction exercise
- Body circumference

l - Health and related physical fitness

[

- Isokinetic muscular function
Post-test (4 weeks)

l

ECG (n=7) CCG (n=7) CG (n=6)
(Eccentric contraction exercise group) (Concentric contraction exercise group) (Control group)
[ Data analysis ]

Figure 1. The experimental study design
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112
o
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Mo,
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o
y

[l
rln
=
o
X
=
x
re
-t
lo
i
2
=
ofo
We,
i)
2
-3
=
o
o
o
ok

, 9, 8o FEeoY, 473 + 5 T 5 % Zg 3%,
TolA Alednt. HEH o

NAA 5 % F(eccentric contraction exercise group, ECG) 7%, @54

N
r o
>
oxl
[\]
oL
o
i
2
lld
ofy
2
p‘L
)
B
ofN
(@)]
ol
o
re
r o

T3 $% H(concentric contraction exercise group, CCG) 74, 4 ot
(control group, CON) 6™ & 3719 HdS A AMEstH A, 2 A9 oid=t

E4 & <Table 1> 2t}

Table 1. Characteristics of participants

Group ECG CCG CG F b
Variables (n=7) (n=7) (n=6)
Age (yr) 2243151  22.00+£2.08 23.17£2.86 470 633
Height (cm) 17250+4.45 17319499 174.95+5.17 429 658
Weight (kg) 71.93£6.29 70.30£7.21  77.22+554 2.003 .166

Mean+Standard Deviation
ECG, eccentric contraction exercise group, CCG, concentric contraction exercise groups
CG, control group
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AT F xRS dd 5%, 7 33, 457 AAsd e, g 9
T 37HA, BHAl T 271A], Fo] FEH UMAE
dolE Edolyd HHE o8& 7|7 5 (machine exercise)2= T3+
& AEe AT Fote deel wet 298 Y =5 98 15x= IRMY
60~70%, 2~3% 7 IRMS] 80%, 44 1RMe] 90%% AAa3lom, e
A8 IRM2 v SASG . Agd 2 gdE5Ad 5 AR Marusic et al.
T
AT = AIE HEZE(SMT-1000, SAMICK, Chungcheongbuk-do,

(%)
S
N}
<
1o,
re
-
m
z
ot
(o
HU
)
)
1o,
ol
o
ol
L
=2
P
o,
o
—r
2
o
—
>,
N,
=
i
fr

Korea)o] vlAtE #8310 = H]&S 7|22 105BPM (beat per minute)©l
@] FAEAL AE W FAALS 18 30%, AE 7+ FAXLE 2R ow
AAste] Wstty SEZaRE FATE 4zt AR FEL [Fa HE
Z 123] 3ME, 2573k 1ME 3 83] 3AE, 354}l 1HE o 83] 4ME, 453}

INE 9 53] bAlER AAsAH. RE fdAEL ez 2ad Fol d A

153 st £, ez adls Fastr]o] A tidxEe] 292 ¥
B o is 9el &5 A2 % (rating of perceived exertion, RPE)¢} H ) Alut<=
(maximal heart rate, HRmax)ol] @50 5 d 2E# A3 E= oA 7A7]

2E F 2EAYD FRUE o4

W 9978 B9 2L NG, 25 F
X
R

coolgtHo R FYLEs HAASAT 2 Ao FEZEIHLS <Table 2>

.
at
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Table 2. Eccentric and concentric contraction exercise program

. . . . Volume
Session Exercise Frequency Intensity Time (rep, set)
Dynamic stretching RPE 10~12 5 min
Warm-up
Running 40~70% HRmax 5 min
Bench press
1-week 60~70% 1RM 12 reps, 3 sets
Shoulder press
Lat pull down
; Exercise 50 min
Sit up 2-week 8 reps, 3 sets
Main-exercise o 3days aweek 80% 1RM ECC:COHi5:1
Back extension for 4-weeks Ecc:Con=1:5
3- k 8 , 4 set
(take turns every other day) wee Rest 90~ 120 sec reps sets
Squat
Leg press 4-week 90% 1RM 5 reps, 5 sets
Static stretching RPE 9~10 5 min
Cool-down
Foam rolling 10 min

RPE, rating of perceived exertion, HRmax, maximum heart rate; RM, repetition maximum, Min, minute;, Sec, second, Reps, repetitions;, ECC,
eccentric contraction;, CON, concentric contraction
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&
Mo
offl
ol
k1
X
o

2 AT & A AL vudy 5 Aol S At A AES
FAaA 7171 913 O'Connor et al. (1989)e] HA+E wlgo=Z 1RM (one

repetition maximum)& HH A 02 7453

O
Mo
&
=
(@]
=
o,
o
5
2
[
)
|
z
o
)
s
&
M

press), U Z# ~(shoulder press), #=
Y (leg press)Z FA HAA tAFAHES At e HAE7HF A= L
HZA w4 gidas 10~128] Q&S ¢ Qs THo =z FHlE

stk 187 FA2 A

AMA FAE s eH, HAFHor AN TF e Sles S

ol\
oY

gYdste 1IRMS AFEsdd. 2 A9l IRM Hd  =A(one repetition

maximum indirect measurement) &2 (1)& t}& 3 7t}

IRM = WO + WI
- WO = 7~83] Wt 7he 3t 5 & (weight, W) 2 -(1)

- WI = WO x 0.025 x R (repetition, R)
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1) 214744 (Body composition)

bl vle) e wuiel

AHE-3

=
=

(GL-310B, G-Tech International, Gyeonggi—do, Korea)

Aol Ho) 4 A2 A (height)

AF&-3Fo] A5 (body

=
=

7] (Inbody 270, InBody, Seoul, Korea)

weight), &2 % (skeletal muscle mass, SMM), A A"k (body fat mass, BFM),

el

J] A "-E-(percent body fat, PBF)

Z

(body mass index, BMI),

)7 B

Z

Figure 2. Body composition test
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2) A A =4 (Body circumference)
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Figure 4. Hip circumference test

(3) & F4(Mid thigh)

vk A zpAldA 1 Ho2 4bE 9] (inguinal region)®] &3}

TG Al EAE o] dE T4 A =dE FHeR A6

Figure 5. Mid thigh circumference test

(4) Foref(Calf)

Fete]

et

°F 10em 1A 0R FES Wela vtz A A 1 %
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WS abo] TG ool FAF ol Foteldl Ay FAE FYoE FPaRh

Figure 6. Calf circumference test

3) 17 2 7]% #3H A H (Health- and skill-related physical fitness)

A% o AEe TEE, v E), SATEHSE L7, Fasd ekl S

A7), AR =o] H7I, A A

(Ae)co] WHA DS SAANAT B 7o A% 9 & Ba AY 34
3!

JE 3l o] HEAQ W8-S <Table 3>3 7t}

[e:

Table 3. Health- and skill-related physical fitness

Factors Items Measuring instrument Apparatus
Muscular tond nggftrength Digital dynamometer ’I"I‘AII{(IIE{I?;gin
strength Back musal{lgr strength Digital back dynamometer 1"1‘ A'%f?jgi’n
Muscular Sit-up Sit-up board ’I"TAII{{IIE{I,_?igi’n
endurance (reps/60sec) Stop watch ng'll(“)—’S?gén
Flexibility Sit a(r:jnie“h Long seat board TTA%,_?;;}I

Power Front abdotr;irlzla;l power test Medicine ball El:;%;}l{(,iogi
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KMC-1800,

Tape measure KOMELON, Korea

DW 771A,
Time notice electric board DAEWOO SPORTS
INDUSTRY, Korea

Sargent jump
(cm)

DW-T70E,

Standing long jump py 0 otice electric board  DAEWOO SPORTS

(m) INDUSTRY, Korea
. OST-30W,
Ten/twenty/Fhu‘ty meter Stop watch CASIO, Japan
Speed sprint
(sec) Traffic cone SA30Z,
Starsports, Korea
OST-30W,
Agilit Illinois agility test Stop watch CASIO, Japan
sy (sec) SA302,

Traffic cone
a n Starsports, Korea

FReps, repetitions

(1) ¢+=(Hand grip strength)

gAg o#HA(T.KK.-5101, TAKEL, Tokyo, Japan)E A}&3lo] ot&&

Shelth rhelE o Uz M Bah £2 BelA] ok o] A

w5 QRS sarh oA AZ] Bel e FHES oy

Fo QAsh @A £ B4 el o Hze] HE% xdske]
% AASG 25 47 28] 542 AP, Z4 A T

Figure 7. Hand grip strength test
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(2) W2 (Back muscular strength)

0

N
ol

=g

Ahgste] )

=
=

g8 w 2= A (T.KK.-5402, TAKEIL Tokyo, Japan)
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o 2 flol HwAE Eolal
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fite)
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My
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Figure 8. Back muscular strength test

©.7]71(Sit-up)

A A(OST-30W,

=

A71(T.K.K.-5505, TAKEI, Tokyo, Japan)<}t

CASIO, Tokyo, Japan)E A}-&3}o]

SEL 077

H

el
Hlo

_Z?

el
NI
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, FE o7 viEA
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Figure 9. Sit-up fest
(4) gFo} Q1 oro 2 #3]7](Sit and reach)

A" #dE =H7(TKK-5111, TAKEL Tokyo, Japan)E AMg-3te] ghol S
oz FI/NE HAAUG FE Atolel ol o Snvh WA e eyl
2747 9o GEE ssivh FES G Bob A4 ASY] B T EL Ym
HeE Holv AR AS/E AR Wol 327 AAE FARES AN ST

28] 24% AASEOr, ST Ao) Aele] ARS Olen FHAR 71 S3sieh

RIKS

Figure 10. Sit and reach test
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(5) 17 doA WAl & ©dx 7] (Front abdominal power test)

H ] Al B (RSB-16052, Reebok, Greater Manchester, UK)¥} 2 xHEKMC-1800,
KOMELON, Busan, Korea)E& AH&-3le] Cowley & Swensen (2008)9] 15 wi&t
o= Sl doA WYAl & dAVE SAHAY. FEs e A= A A G
oM FE& oF 90°9 ZAE=E w3 AT

Son, 4% W gol vle] Ey-HolA

g H
2
T
D
52
o
&3
o
D
R
=2
fd
o
ol
ol
32
> B

Evbero] AFE YR shol Po) P AA e B F, 2%kg WA

Figure 11. Front abdominal power test

(6) AAE] =o] ¥ 7](Sargent jump)

A& ol #7] A A= (DW-771A, DAEWOO SPORTS INDUSTRY,

Seoul, Korea)= AH&3ste] A=t o] HIYIE FAHS AT &2 g I
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M U l

[l "”5 ﬂif_ﬂﬁ T MM

@Q

Figure 12. Sargent jump test

(7) AA=] 22 #7](Standing long jump)

Akl Wel #7] =74 A~ (DW-770E, DAEWOO SPORTS INDUSTRY,
Seoul, Korea)s AF&3to] Aztg] dHel H7|E SA4sATh &F & 2o ZAA
AN Hojux] Al FtrelE AU E HY AEjolA AJdE BES gt
g5 AEdg 9ol &2bE F UARE A =wE7] gl T3 vy E vkEs
Fo] HAUg "] \ARF Ao, 24 & AL - Hzow 7 Thke
A (Fm A A7 S AgE SAeAT Hoje2r] 2 o] X HeA "o
AA Fes atlon, Fxd o7 AT F dew Fo4E FAL F 23] SAHS
AAstR o, SAH A A HUUES 0lam @2 7SS 13 5H

FoF 287 AL AES sof g Hrsaict
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(8) 10/20/30m ¥ 2] 7](Ten/twenty/thirty-meter sprint)

ZAA(OST-30W, CASIO, Tokyo, Japan)®t 1H F(SA302, Starsports,
Gyeonggi-do, Korea)2 AF&3}e] 10/20/30m €27 &

g B Ao, 283 =3 Abelo] AE 10/20/30mE A A

AN
ol
ol
ol

2
N
ol
rlo
>,
1o

- . _ L P |
i o F el L4 B i

Figuré 14. Ten/twenty/thirty-meter sprint tes
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ZAAHIlinois agility test)
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Figure 15. Illinois agility test

(Isokinetic muscular function)
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Table 4. Isokinetic muscular function

Factors Items Measuring instrument Apparatus
Knee isokinetic muscular strength
Muscular (60°/sec)
strength  Trunk isokinetic muscular strength Isokinetic equipment Humac Norm 776,
(30°/sec) CSMI, USA
Muscular  Knee isokinetic muscular endurance
endurance (240°/sec)

(1) & 534 7] %5 (Knee isokinetic muscular function)

5244 Zd] (Humac Norm 776, CSMI, Boston, USA)E AF&3Fo] &+
(extensor)¥} =t (flexor)?] &4 47|eS S43AY. g2 2579 MU=
&

Arssta 24 9ol ASd e A7 A9 Te 299 9
4

i

2
—d
i
lo,
M
A
D)
>
)

>
2
D)
>
=
>,
2
=
offt
_t
o

N

N
UV
tott
o
0¥
-
o2,

ol
ol

Figure 16. Knee isokinetic muscular function test

_37_



(Trunk isokinetic muscular function)

=
[}

(2) 59 s54 27

bl sjele) 2o

A}-£-3]

=
=

7] (Humac Norm 776, CSMI, Boston, USA)
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Figure 17. Trunk isokinetic muscular function test

_38_



5. At=ZA 2

o] &3t Attt 7w B AR (Descriptive statistics)S &3 2 Wl Hit
(Mean)¥} #+#2}(Standard deviation)S AF&3Fith BE Welol ek 7+ A7
ol i FsAEe AAE FRlstyl fs oldWFE wESA EAEA
(Two-way repeated measures ANOVA)S AAEdoy, o 7 ZolE AHFE
7] el dPujx] BEAFEA (One-way ANOVA)S A 3813
waleke SR -4 (Paired t-test) S AAsH] s}
frolst Apol7k YERd Wl T B (ANCOVA) OS2 ALAHQlS FA5t o,
AL F(Post-hoc analysis)< Scheffe W (Scheffe test)S AF&3}e] g3te] A7|E
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B oATE WU A % 5% ¥R 5 2% Mol Uk vishe

A7 2 e #d Agd $EA 2Tl nAs S sk A& AA

1. MAFA (Body composition) o 3}

1) % &5 Wydd wE A F(Body weight)e] W3}

% el e AF W A

Mo

WRAT) A FF LFIN BEA 5%

<Table 5>, <Table 6>, <Figure 18>} Zt}.

Mo

Table 5. The result of descriptive statistics and one-way ANOVA for body
weight (kg)

Group Pre Post Total
ECG! 71.93+6.29 72.17+5.68 72.055.99
CCG* 70.30+7.21 70.77+7.49 70.54+7.35
CG’® 77.22+5.54 77.75+5.23 77.4945.39
Total 72.95+6.76 73.3646.64 73.16+6.70
F 2.003 2.199
p 166 141
Post-hoc

Mean+Standard Deviation

ECG!, eccentric contraction group; CCG,

concentric contraction group;, CG’, control group



Table 6. The result of two-way repeated measures ANOVA for body weight

Variable SS df MS F D n’
Between Subject
Group 337.956 2 168.978  2.124 150 .200
Error 1352.434 17 79.555
Within Subject
Period 1.720 1 1.720 1.715 208 092
GroupxPeriod 157 2 078 .078 925 .009
Error 17.052 17 1.003

®24 A <Table 5>0 AAstA 0w, H

Qoo™ (F=2.124, p=150), Al71olM = F3 Aol 7b vEhubA] & Feh(F=1.715,
p=208). T FJekd A7) 7F A AE Gl Ae fo gk Afol7F vEhbA] skt
(F=078, p=925). & I+ W35 FAAcm dHE7] fs) ddufA] BAEAS
| A et Aol7b vEhbA] ek o (£=2.003,
p=166), SEZE a9 o] F Hol3l xpolr} gl Ao R YETHE=2.199, p=.141).

M}

>,
>,
o,
Y,
K9
Mo
offt
[
fr
4
=
o
)
ofo
o
N

120
-+ ECG

S 1004 - CCG
x
= - CG
E‘ 80
S, 60-
=
o
m 404

20 T T

Pre Fost

Figure 18. Change of body weight after exercise
ECG, eccentric contraction group, CCG, concentric contraction group, CG, control group
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2) 75 & Wy w

W 7HAF) A FE

Mo

= I~
T G54 5

A¥= <Table 7>, <Table 8>, <Figure 19>

Mo

2.

s %

=<
R

% (Skeletal muscle mass)2] W3}

ild
)
rd
ol

Table 7. The result of descriptive statistics and one-way ANOVA for
skeletal muscle mass (kg)
Group Pre Post Total
ECG! 34.26+3.46 34.40+3.11 34.33+3.29
CCG* 33.27+3.24 33.91+3.31 33.59+3.28
CG? 35.35+2.46 35.55+2.64 35.45+2.55
Total 34.24+3.07 34.58+2.97 34.41+3.02
F 7719 480
p 502 627
Post-hoc

Mean+Standard Deviation
ECG', eccentric contraction group; CCG’, concentric contraction group;, CG’, control group

Table 8. The result of two-way repeated measures ANOVA for skeletal
muscle mass

Variable SS df MS F D 1

Between Subject

Group 22.420 2 11.210 595 063 065
Error 320.243 17 18.838
Within Subject
Period 1.074 1 1.074 4.898 041 224
GroupxPeriod ol6 2 258 1.176 332 122
Error 3.727 17 219
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H
A3}= <Table 8>3} 2tk <Table 8> AsE R, ek o A= fo 3 o7}
1}

p=041). 18 S AR Ja o WstE glg 43, CCGolA A A

o= fold Aolk JERTH 2518, p=045). EF, Aw A7) 7 A5AE
wofol A frold Aol7h LA QSITHE=1IT6, p=332). A 2t AsE A4
om Auuy] A8 QAA BARNS AN A%, SEZLINS 5]

A ol Jpol 7k ehA eRgkom(F=T19, p=502), SEZ R Fhe] & golgh
Aol 7k 9l Ao WERTHE=4R0, p=627).

7]

= 50—

g - ECG
% -2 CCG
£ 404 -4+ CG

@

i E §

7]

=

E 30+

[5+]

o

°

-

0 2p

T T
Pre Post

Figure 19. Change of skeletal muscle mass after exercise
FECG, eccentric contraction group, CCG, concentric contraction group, CG, control group
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3) = % Uy & AA L EFBody fat mass)e W3}

G710 4F) A a5 2o @A 5 25 U wE AANE W)

A3}+= <Table 9>, <Table 10>, <Figure 20>¥} 7t}

Table 9. The result of descriptive statistics and one-way ANOVA for body
fat mass (kg)

Group Pre Post Total
ECG! 11.81+2.86 11.83+2.54 11.82£2.70
CCG* 11.94+2.83 11.39+2.85 11.67+2.84
CG® 15.42+2.58 15.72+2.41 15.57+£2.50
Total 12.94+3.10 12.84+3.15 12.89+3.13
F 3.429 5.219
D .056 017
Post-hoc 2<3

Mean+Standard Deviation
ECG', eccentric contraction group; CCG’, concentric contraction group;, CG’, control group

Table 10. The result of two-way repeated measures ANOVA for body fat

mass
Variable SS df MS F p n’
Between Subject
Group 122.994 2 61.497 4.467 028 344
Error 234.052 17 13.768
Within Subject
Period 065 1 .065 085 74 .005
Group*Period 1.257 2 .629 819 458 .088
Error 13.053 17 168
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LERSL O UH(F=4.467, p=028), Al71olA = ol gk Abol7b YErubA] 23 ohth(/=.085,
p=T14). =R Je I A7) F S ARE Gt e 7o g Afol7F vEhbAl skt
(F=819, p=458). J& 3 Wsts FAHer dynr] s L] EAE4e
AN Ay FezRIads A&

(F=3.429, p=056), *+&LZ1
(F=5219, p=017). A5-AS A3, CCGEY CG7F =2 AAE Holw, AATFS

FAl Aol fol5H e AnE Ry

40+
-+ ECG
30- = CCG
-+ CG

ég

Body fat mass (kqg)
[}
T

0 I I
Pre Post

Figure 20. Change of body fat mass after exercise
FECG, eccentric contraction group, CCG, concentric contraction group, CG, control group
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Table 11. The result of descriptive statistics and one-way ANOVA for body

mass index (kg/m’)

T e Yl wE AdFEA s Es)

Group Pre Post Total
ECG! 24.16+1.61 24.20+1.58 24.18+1.60
CCG* 23.40+2.04 2351%2.11 23.46%2.08
CG® 25.22+1.44 25.38+1.22 25.30+1.33
Total 24.21+1.80 24.32+1.79 24.27+1.80
F 1.782 1.970
D 198 170
Post-hoc

Mean+Standard Deviation
ECG', eccentric contraction group; CCG’, concentric contraction group;, CG’, control group

Table 12. The result of two-way repeated measures ANOVA for body
mass index

Variable SS df MS F p n’
Between Subject
Group 22.096 2 11.048 1.916 178 184
Error 98.033 17 5.767
Within Subject
Period 116 1 116 .860 367 048
GroupxPeriod 025 2 013 094 911 011
Error 2.290 17 135
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3
A= <Table 12>9} 2t} <Table 12>9 A#E HW, Jd hlM = Fo%
ZFol 7F vERUA] @Rk o m (F=1.916, p=178), Al7]IA = ok o]zt YERA
REQITH=860, p=367). &, e}t A7) 1 4B Gl M e FoAF 2ol7)
UL A RQRTH(F= 004, p=011), Ak Aoz Arry] fal ddniA
PARAe AAG A, eEZaaRe H437] A Fo@d Aolsh vpehiA
FROH(F=1782, p=1R), EZRLF ol T Folgk 2tel7t gl Ao et
(F=1.970, p=.170).
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Figure 21. Change of body mass index after exercise
ECG, eccentric contraction group, CCG, concentric contraction group, CG, control group
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i

A A W& (Percent body fat)e] W3}

G71H4F) AFAE FF 25 G5 75 & PH uE AAHE Wt
A3+ <Table 13>, <Table 14>, <Figure 22>} 2t}

Table 13. The result of descriptive statistics and one-way ANOVA for
percent body fat (%)

Group Pre Post Total
ECG! 16.43£3.53 16.41+3.16 16.42+3.35
CCG* 16.84+2.82 15.93+2.77 16.39+2.80
CG® 19.92+2.49 20.22+2.64 20.07£2.57
Total 17.62+3.24 17.39+3.33 17.5143.29
F 2.535 4.205
D 109 033
Post-hoc

Mean+Standard Deviation
ECG', eccentric contraction group; CCG’, concentric contraction group;, CG’, control group

Table 14. The result of two-way repeated measures ANOVA for percent

body fat
Variable SS df MS F p n’
Between Subject
Group 112.722 2 56.361 3.479 054 290
Error 275.392 17 16.200
Within Subject
Period A37 1 437 394 038 023
GroupxPeriod 2.644 2 1.322 1.194 327 123
Error 18.819 17 1.107
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A= <Table 14>} ZT} <Table 14>9] A5 HW, FJo Ftl A= Fos
2ol 7F WEbUA] @k Sk e (F=3.479, p=054), A 7]
B UTHF=394, p=538). Le]il WEEE t-HBoZ [k W WstE glsk A3
CCGollA BAA = folgh 2ol 7k Vel vH(=2.543, p=.044). HE7h ezt A7) 3F
SAG Bl = FolRt Aolrt YEhuA v (F=1.194, p=.327). #
HstE FAA R ARy s dduiR] ZAEAS AR A, feZeads
A&7l A Fot Aol7k yEbyA @k o (£=2.535, p=109), &EZ2 1Y
ol F ol Aozt = Ao ® YERTHF=4.205, p=033).
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Figure 22. Change of percent body fat after exercise
FECG, eccentric contraction group, CCG, concentric contraction group, CG, control group
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2. MAEY (Body circumference) 2| 43}
D 5% &% Yol w2 7k55 =@ (Chest circumference)®] W3}
G 4F) AR 5 e 9S54 5 & Wy wE vks =9 Wt
A3}+= <Table 15>, <Table 16>, <Figure 23>3} 7t}
Table 15. The result of descriptive statistics and one-way ANOVA for
chest circumference (cm)
Group Pre Post Total
ECG! 95.57+4.84 96.16+4.75 95.87+4.80
CCG* 90.39+3.76 91.46+3.62 90.93+3.69
CG® 94.68+4.39 94.35+2.97 94.52+3.68
Total 93.49+4.74 93.97+4.21 93.73+4.48
F 2.812 2.586
D .088 105
Post-hoc

Meanz+Standard Deviation

ECG, eccentric contraction group; CCG®, concentric contraction group, CG® control group

Table 16. The result of two-way repeated measures ANOVA for chest

circumference
Variable SS df MS F D 0’
Between Subject
Group 181.632 2 90.816 2.905 082 255
Error 531.532 17 31.267
Within Subject
Period 1.937 1 1.937 684 420 039
GroupxPeriod 3.248 2 1.624 H74 574 .063
Error 48.108 17 2.830
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2ol 7F YERLFA] @9k oW (F=2.905, p=082), Al7] A% 3 ZFo]7t YEFYA
FITHF=684, p=.420). =3, Atz A7) 7k A5 FaoAE 935 xJolvt
VA QK =574, p=574). R 7+ H3E
BARAS AAE Ay XS A8y A o8k 2ot UERA
SO (F=2.812, p=0), F L2 ol T Fo7k Aolr} gl AR eyt
(F=2586, p=.105).
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Figure 23. Change of chest circumference after exercise
ECG, eccentric contraction group, CCG, concentric contraction group, CG, control group
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Table 17. The result of descriptive statistics and ANCOVA for hip
circumference (cm)

Group Pre Post Total
ECG! 96.43+3.45 95.03+£2.57 95.73+3.01
CCG* 94.31+3.50 94.56+3.14 94.44+3.32
CG® 100.28+3.81 98.58+4.57 99.43+4.19
Total 96.85+4.19 95.93+3.73 96.39+3.96
F 4577 2.963
D 026 106
Post-hoc

Mean+Standard Deviation
ECG', eccentric contraction group; CCG’, concentric contraction group;, CG’, control group

Table 18. The result of two-way repeated measures ANOVA for hip

circumference
Variable SS df MS F p n’
Between Subject

Group 170.736 2 85.368 3.766 .044 307

Error 385.362 17 22.668

Within Subject

Period 9.023 1 9.023 4437 .050 207
Group*Period 7.364 2 3.682 1.811 194 176

FError 34.569 17 2.033
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Figure 24. Change of hip circumference after exercise
ECG, eccentric contraction group, CCG, concentric contraction group, CG, control group
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G714 ARG 5 2 @A a5 2w Pl wE S5 diE] T

Sd W3 A= <Table 19>, <Table 20>, <Figure 25>¢%} #t}.

Table 19. The result of descriptive statistics and one-way ANOVA for right
mid thigh circumference (cm)

Group Pre Post Total
ECG! 50.26%2.75 50.81+1.89 50.54+2.32
CCG* 4891+3.62 49.70+3.43 49.31+3.53
CG® 52.715%3.16 52.00+2.86 52.38+3.01
Total 50.54+3.42 50.78+2.81 50.66+3.12
F 2.365 1.092
D 124 358
Post-hoc

Mean+Standard Deviation
ECG', eccentric contraction group; CCG’, concentric contraction group;, CG’, control group

Table 20. The result of two-way repeated measures ANOVA for right mid
thigh circumference

Variable SS df MS F p n’
Between Subject
Group 61.134 2 30.567 1.784 198 173
Error 291.249 17 17.132
Within Subject
Period 388 1 .388 420 026 024
GroupxPeriod 4.334 2 2.167 2.344 126 216
Error 15.720 17 925
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% 953 UEH £F ©F P BE 4509 52y Fol F

= UEH TG 2o VIsEAt A ZAEA A= <Table 19> Al»
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o, A A7) kel gt dezbge] a9E Sele ojdwE NEEA
BEAHEA A= <Table 20>3 2t} <Table 20>2] Z3E B, HAd hol &=
frel @k Abol7h wpebubAl eFtom (F=1.784, p=198), A7IlA % Fo gk ko] 7k
UERA] QEQEEH(F=420, p=526). E3, HAakat A7) 7+ Aastg gatil M o
Zpol 7} YERMA] QEATH(F=2.344, p=.126). A&t 7+ WHEE FAHo R AR
Ael A BAHEA S AA S Ay, eEZRads AEsy] d fod 2ot
UEFLFA] eFgk o (F=2.365, p=.124), 523 Fol F {23k zolr} gl
Ao 2 YeEtHF=1.092, p=.358).
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Figure 25. Change of right mid thigh circumference after exercise
ECG, eccentric contraction group, CCG, concentric contraction group, CG, control group
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G714 AR w5 e 944 a5 2w e wE A5 dEH T

S W3 A3= <Table 21>, <Table 22>, <Figure 26>% 7t}

Table 21. The result of descriptive statistics and one-way ANOVA for left
mid thigh circumference (cm)

Group Pre Post Total
ECG! 49.46+2.70 50.73£1.58 50.10£2.14
CCG* 48.31+3.13 49.64+3.29 48.98+3.21
CG® 51.33+3.44 52.08+2.71 51.71+3.08
Total 49.62+3.17 50.76+2.67 50.19+2.92
F 1.563 1.404
D 238 273
Post-hoc

Mean+Standard Deviation
ECG', eccentric contraction group; CCG’, concentric contraction group;, CG’, control group

Table 22. The result of two-way repeated measures ANOVA for left mid
thigh circumference

Variable SS df MS F p n’
Between Subject
Group 48.342 2 24.171 1.592 232 158
Error 258.057 17 15.180
Within Subject
Period 12.404 1 12.404  10.459 .005 381
Group*Period 641 2 .320 .270 766 .031
Error 20.162 17 1.186
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#H=5 UiH T 2o VIsSA LA ZAEA A= <Table 21>l AA|

B HEA A= <Table 22>} 2t} <Table 22> Z3E B HAd It &=
frel gk xbel7F YERHA] K (F=1.592, p=232), Al7]elA]
(F=10459, p=.005). 183 W-&xE t-HdAe=2 Hd o ®stE glgk A,
CCGellA] BAIA SR Frofgh Apo]7h Yebutth(=-3.015, p=.024). E3, k3 A7) 3¢
oA G E Fogk Aozt YeEbA FATHE=270, p=766). J+ 7t
Wals FAHoR Ay 93 ddux] BAHEAS AAe AY, SEZR s
gty A fFog Aozt YEA koo (F=1.563, p=.238), T EZE 1
do] & ot 2oyl gl Ao VERGTHE=1.404, p=.273).
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Figure 26. Change of left mid thigh circumference after exercise
FECG, eccentric contraction group, CCG, concentric contraction group, CG, control group
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S W3 A3 <Table 23>, <Table 24>, <Figure 27>%} 2t}
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Table 23. The result of descriptive statistics and one-way ANOVA for right
calf circumference (cm)

Group Pre Post Total
ECG! 37.60+2.38 37.33+2.28 37.47+2.33
CCG* 37.77+2.55 37.26%2.23 37.52%2.39
CG® 38.58+3.12 37.92+2.31 38.25+2.72
Total 37.96+2.57 37.48+2.17 37.72+2.37
F 244 160
D 186 853
Post-hoc

Mean+Standard Deviation
ECG', eccentric contraction group; CCG’, concentric contraction group;, CG’, control group

Table 24. The result of two-way repeated measures ANOVA for right calf

circumference
Variable SS df MS F p n’
Between Subject
Group 4.878 2 2.439 205 817 024
Error 202.134 17 11.890
Within Subject
Period 2.331 1 2.331 5.468 032 243
Group*Period .261 2 130 .306 741 .035
Error 7.248 17 426
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TAHEA A= <Table 24>9} 2t} <Table 24>¢] A3E BH, A A=
ol gk kol 7b YEbA] Sk OV (F=205, p=817), Al7IelA elg ol 7t vhERyk
(F=5468, p=032). =3 A} A7] 3F o2hg GdolM= Fold 2po|7F veERA|
SOITHF=306, p=741). A 2+ WstE FAMeRE Advry] fa) dduA] SRS
AAG Ay, Fezrads HEst7] d 5ol Aoz yEryA wskew
(F=244, p=7186), weZ21d Fo] F Fofd Aol7t gl Ao= eyt
(£=.160, p=.853).
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Figure 27. Change of right calf circumference after exercise
ECG, eccentric contraction group, CCG, concentric contraction group, CG, control group
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S W3 A3+= <Table 25>, <Table 26>, <Figure 28>%} 7t}

F= Zoly] =9 (Left calf circumference)®] 3}

of mE #% Foie

Table 25. The result of descriptive statistics and one-way ANOVA for left
calf circumference (cm)

Group Pre Post Total
ECG! 37.43+2.49 37.21+2.25 37.32+2.37
CCG* 37.30+2.39 36.91+2.09 37.11+2.24
CG® 38.12+£3.05 37.70+2.13 37.91+2.59
Total 37.99+2.52 37.26+2.07 37.43+2.30
F 176 216
D .840 808
Post-hoc

Mean+Standard Deviation
ECG', eccentric contraction group; CCG’, concentric contraction group;, CG’, control group

Table 26. The result of two-way repeated measures ANOVA for left calf

circumference
Variable SS df MS F p n’
Between Subject
Group 4.368 2 2.184 197 823 023
Error 188.467 17 11.086
Within Subject
Period 1.142 1 1.142 2.292 148 119
GroupxPeriod 080 2 .040 .080 923 .009
Error 8.473 17 498
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AR = vy @54 a5 2 Ul wE 4770 feZead ol &
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7= <Table 25>0] A4

ol gk Jpol7k LhERIA Qrskoul (7197, p=823), AZIGIAE Selg Zfolzh LhehiA
RUTHF=2.292, p=148). Tt At} Al7] 7 FE52E gl A= 23 Aol 7}
GERIA SRRITHF= 080, p=923). [Tk 7F WSE pAH o Amur] 98 A
AR AAF Ad, eEZzade 4887 A fo@ g7k YEuUA
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Figure 28. Change of left calf circumference after exercise
ECG, eccentric contraction group, CCG, concentric contraction group, CG, control group
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Table 27. The result of descriptive statistics and one-way ANOVA for right
hand grip strength (kg)

Group Pre Post Total
ECG! 46.00+6.87 48.77+6.57 47.39+6.72
CCG* 49.334£5.47 50.57+5.03 49.95+5.25
CG’ 53.30+6.72 50.37+8.54 51.84+7.63
Total 49.36+6.73 49.88+6.44 49.62+6.59
F 2.126 147
D 150 865
Post-hoc

Mean#Standard Deviation
ECG, eccentric contraction group; CCG®, concentric contraction group, CGP, control group

Table 28. The result of two-way repeated measures ANOVA for right
hand grip strength

Variable SS df MS F p ik
Between Subject
Group 130.199 2 65.099 .806 463 .087
Error 1372.594 17 80.741
Within Subject
Period 1.291 1 1.291 241 630 014
GroupxPeriod 55.346 2 21.673 5.159 018 378
Error 91.182 17 5.364
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A= <Table 28>3 2t} <Table 28>¢] Axg wHl, A o]Ae fodt
2ol 7} VEREA] ek o W (F=806, p=463), A7l % Fe xpo]7} vEFLEA]
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Figure 29. Change of right hand grip strength after exercise
FECG, eccentric contraction group, CCG, concentric contraction group, CG, control group

_63_



Table 29. The result of descriptive statistics and one-way ANOVA for left

hand grip strength (kg)

Group Pre Post Total
ECG! 44.06£7.01 45.9645.73 45.01+6.37
CCG* 48.90+6.22 48.11+7.12 48.51+6.67
CG® 52.40+5.44 50.30+5.43 51.35+5.44
Total 48.2616.90 48.02+6.11 48.14+6.51
F 2.888 800
D 083 465
Post-hoc

Mean+Standard Deviation
ECG', eccentric contraction group; CCG’, concentric contraction group;, CG’, control group

Table 30. The result of two-way repeated measures ANOVA for left hand
grip strength

Variable SS df MS F p n’
Between Subject
Group 262.942 2 131471  1.820 192 176
Error 1228.139 17 72.243
Within Subject
Period 1.074 1 1.074 192 667 011
GroupxPeriod 27.450 2 13.725 2.452 116 224
Error 95.164 17 5.598
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2pol7b e A @9k o (F=1.820, p=192), A 7IM %= 23k 2Fo]7} YELEA
QEQITH F=192, p=667). 3 oy A7) 1+ A58 o AE G938k 2polvt
ERA] SRk F=2452, p=116). A 1t ®Bisks FAH R AmEy] S8 dduiA|
BARAS AAE Ay XS A8y A o8k 2ot UERA
U (F2838, p=083), +FERLY o] & f{FoJ3 Apol7} Yl Ao vERT
(F=.800, p=.465).
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Figure 30. Change of left hand grip strength after exercise
ECG, eccentric contraction group, CCG, concentric contraction group, CG, control group
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G710 4F) A w5 ey 924 5 e U wE wiey W

ZAy}= <Table 31>, <Table 32>, <Figure 31>%} 2t}

Table 31. The result of descriptive statistics and one-way ANOVA for back
muscular strength (kg)

Group Pre Post Total
ECG! 153.86+17.72 158.29+22.82 156.08+20.27
CCG* 143.93+16.48 149.71+16.50 146.82+16.49
CG® 158.92+24.29 126.08+59.22 142.50+41.76
Total 151.90+£19.51 145.63+36.86 148.77+28.19
F 1.009 1.346
D 385 287
Post-hoc

Mean+Standard Deviation
ECG', eccentric contraction group; CCG’, concentric contraction group;, CG’, control group

Table 32. The result of two-way repeated measures ANOVA for back
muscular strength

Variable SS df MS F p n’
Between Subject
Group 1271.262 2 635.631 585 568 .064
Error 18465.107 17 1086.183
Within Subject
Period 565.476 1 565.476 934 347 052
GroupxPeriod 3026.131 2 1513.065  2.500 d12 227
Error 10288.238 17 605.190
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YA ek o (F=585, p=568), Al7|olM%E F23F AFo]7t YEA ekttt
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Figure 31. Change of back muscular strength after exercise
ECG, eccentric contraction group, CCG, concentric contraction group, CG, control group
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W3l Ayl= <Table 33>, <Table 34>, <Figure 32>¢} Zt}.

Table 33. The result of descriptive statistics and one-way ANOVA for
sit-up (reps/60sec)

Group Pre Post Total
ECG! 50.43+9.43 56.43+11.21 53.43+10.32
CCG* 42.00+6.98 53.00+7.85 47.50+7.42
CG® 40.00+10.94 36.50+11.91 38.25+11.43
Total 44.35+9.83 49.25+13.11 46.80+11.47
F 2.453 6.651
D 116 007
Post-hoc 3<1

Mean+Standard Deviation
ECG', eccentric contraction group; CCG’, concentric contraction group;, CG’, control group

Table 34. The result of two—-way repeated measures ANOVA for sit—up

Variable SS df MS F D ?

e

Between Subject
Group 1499.221 2 749.611  4.546 026 348
Error 2803.179 17 164.893

Within Subject
Period 201.434 1 201.434  7.547 014 307
GroupxPeriod 346.150 2 173.075  6.484 .008 433

Error 453.750 17 26.691
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Figure 32. Change of sit—up after exercise
ECG, eccentric contraction group, CCG, concentric contraction group, CG, control group
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2 g} Sl do=

w3]7] W3} Ay <Table 35>, <Table 36>, <Figure 33>¥} 2t}

Table 35. The result of descriptive statistics and one-way ANOVA for sit
and reach (cm)

Group Pre Post Total
ECG! 16.26+7.24 16.86+6.31 16.56£6.78
CCG* 12.71+4.02 16.41+4.23 14.56%4.13
CG® 15.43+4.93 13.57+4.92 14.50+4.93
Total 14.7745.53 15.72+5.17 15.25+5.35
F 760 731
D A83 496
Post-hoc

Mean+Standard Deviation

ECG', eccentric contraction group; CCG’, concentric contraction group;, CG’, control group

Table 36. The result of two-way repeated measures ANOVA for sit and

reach
Variable SS df MS F p n’
Between Subject
Group 37.251 2 18.626 333 21 .038
Error 950.401 17 55.906
Within Subject
Period 6.544 1 6.544 2.180 158 114
GroupxPeriod 50.698 2 25.349 8.444 .003 498
Error 51.037 17 3.002
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A= <Table 35>9

Folgk Zpol7h YEhA] eikom(F=333, p=721), Al7IeIM =

QTHF=2.180, p=.158). 213l S EE t-AA ez Fd W HalS 3 A}
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T3, Jd# A7) 7 FEE andAs fod Abolrt JERuETH(F=8.444,
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Figure 33. Change of sit and reach after exercise
FECG, eccentric contraction group, CCG, concentric contraction group, CG, control group
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2) 714 @ A9 (Skill-related physical fitness)

(1) = 5 WUy & Slu doA wgal &8 ©A7](Front abdominal

power test)9] W3}

e

WNAF) AR FE LEN 9FA FF L% P WE A%

o7

Table 37. The result of descriptive statistics and one-way ANOVA for front
abdominal power test (m)

Group Pre Post Total
ECG! 4.01+1.31 5.67+0.88 4.84+1.10
CCG* 3.76£1.20 4.84+1.26 4.30+1.23
CG® 469+1.10 4.42+0.89 4.56+1.00
Total 4.13+1.21 5.01+1.11 457+1.16
F 998 2.530
D 389 109
Post-hoc

Mean+Standard Deviation
ECG, eccentric contraction group; CCGY, concentric contraction group, CGP, control group

Table 38. The result of two-way repeated measures ANOVA for front
abdominal power test

Variable SS df MS F p n’
Between Subject
Group 2.039 2 1.019 529 098 059
Error 32.741 17 1.926
Within Subject
Period 6.692 1 6.692 11.151 .004 .396
GroupxPeriod 6.254 2 3.127 5.210 017 380
Error 10.203 17 .600
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Figure 34. Change of front abdominal power test after exercise
FECG, eccentric contraction group, CCG, concentric contraction group, CG, control group
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G710 4F) A 5 ey 954 5 25 W wE AR =0

= 7] W3} Ayi= <Table 39>, <Table 40>, <Figure 35>¢} 7t}

Table 39. The result of descriptive statistics and one-way ANOVA for
sargent jump (cm)

Group Pre Post Total
ECG! 46.43+4.43 50.43+2.51 48.43+3.47
CCG* 45.43+8.28 50.86+9.44 48.15+8.86
CG® 45.33+4.08 46.83+6.27 46.08+5.18
Total 45.75£5.70 49.50+6.61 47.63+6.16
F 069 680
D 933 520
Post-hoc

Mean+Standard Deviation
ECG', eccentric contraction group; CCG’, concentric contraction group;, CG’, control group

Table 40. The result of two-way repeated measures ANOVA for sargent

jump
Variable SS df MS F D bk
Between Subject
Group 41.315 2 20.658 276 162 031
Error 1274.560 17 74.974
Within Subject
Period 132.006 1 132.006  20.855 .000 551
GroupxPeriod 25.268 2 12.634 1.996 166 190
Error 107.607 17 6.330
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AFR A A= <Table 40>3 2t} <Table 40>¢ A#E B ok Fo A=
F23k zho]7F YEhIA] @EFOo v F=276, p=762), A71o1A 23k xfo]7} vEbyt
(F=20.855, p=.000). 183l W-&x¥ t-HAS=Z Hd o ®stE glgk A},
ECG(£=-2.703, p=.035)¢} CCG(£=-5.729, p=001)ollx EAH oz f2o3 o7}
vebstth ®=3 FHek A oz g AE Fo8 Zolrt YERYA
LUTHF=1.9%, p=.166). et 1F Wzls pAFoR Awuy] 98 ddu)x] Eaktas
AAe Ay, ¢z ads HEst7] A fFo Aoyt vEUA gkgtow
(F=069, p=933), $E=Z2a% o] T §o3F o7} gl Aoz el
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Figure 35. Change of sargent jump after exercise
FECG, eccentric contraction group, CCG, concentric contraction group, CG, control group
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s Wl & AAE Ee #H7](Standing long jump)®] W3}

Mo

3) =

G717 4F) A 5 ey 954 5 25 e wE AAy Ee

= 7] W3 A3 <Table 41>, <Table 42>, <Figure 36>% 2t}

Table 41. The result of descriptive statistics and one-way ANOVA for
standing long jump (m)

Group Pre Post Total
ECG! 2.36+0.10 2.49+0.11 2.43+0.11
CCG* 2.36%0.20 2.48+0.19 2.42+0.20
CG® 2.33£0.19 2.23+0.13 2.28+0.16
Total 2.35%0.16 2.41+0.19 2.38+0.18
F 080 6.316
D 924 009
Post-hoc

Mean+Standard Deviation
ECG', eccentric contraction group; CCG’, concentric contraction group;, CG’, control group

Table 42. The result of two-way repeated measures ANOVA for standing

long jump
Variable SS df MS F p n’
Between Subject
Group 180 2 .090 2.061 158 195
Error 44 17 .044
Within Subject
Period 027 1 027 4.464 .050 208
GroupxPeriod 110 2 055 9.002 002 .ol4
Error 104 17 .006
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Figure 36. Change of standing long jump after exercise
FECG, eccentric contraction group, CCG, concentric contraction group, CG, control group
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G717 4F) A a5 wed @A a5 e Wl wE 10m 297

M3l Avl= <Table 43>, <Table 44>, <Figure 37>3} 7t}

Table 43. The result of descriptive statistics and one-way ANOVA for
ten-meter sprint (sec)

Group Pre Post Total
ECG! 2.05%0.12 1.94+0.26 2.00+0.19
CCG* 1.93+0.30 1.88+0.20 1.91+0.25
CG® 2.15%0.19 2.25+0.19 2.20+0.19
Total 2.04+0.23 2.01+0.26 2.03+0.25
F 1.567 5.276
D 237 016
Post-hoc 2<3

Mean+Standard Deviation
ECG', eccentric contraction group; CCG’, concentric contraction group;, CG’, control group

Table 44. The result of two-way repeated measures ANOVA for ten-meter

sprint
Variable SS df MS F D bk
Between Subject
Group 081 2 291 3.792 .043 308
Error 1.303 17 077
Within Subject
Period .003 1 .003 174 682 010
GroupxPeriod 075 2 .037 1.931 176 185
Error .330 17 .019
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Figure 37. Change of ten—meter sprint after exercise
FECG, eccentric contraction group, CCG, concentric contraction group, CG, control group
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G717 4F) A a5 e @A a5 e Wl wE 20m €97

M3l Ayl <Table 45>, <Table 46>, <Figure 38>3} 7t}

Table 45. The result of descriptive statistics and one-way ANOVA for
twenty-meter sprint (sec)

Group Pre Post Total
ECG! 3.35+0.36 3.16+0.25 3.26+0.31
CCG* 3.30+0.40 3.18+0.23 3.24+0.32
CG® 3.40+0.56 3.58+0.22 3.49+0.39
Total 3.35+0.42 3.29+0.29 3.32+0.36
F 077 6.489
D 926 008
Post-hoc

Mean+Standard Deviation
ECG', eccentric contraction group; CCG’, concentric contraction group;, CG’, control group

Table 46. The result of two-way repeated measures ANOVA for
twenty-meter sprint

Variable SS df MS F p n’
Between Subject
Group 483 2 242 1.335 289 136
Error 3.076 17 181
Within Subject
Period 018 1 018 .268 612 016
Group*Period .243 2 121 1.779 .199 173
Error 1.160 17 .068
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A= <Table 46>3 T} <Table 46> Z#E BH A ro A= fo3
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Figure 38. Change of twenty—meter sprint after exercise
ECG, eccentric contraction group, CCG, concentric contraction group, CG, control group
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G717 4F) A a5 e @54 a5 2 Wl wE 30m €97

M3l Ayl= <Table 47>, <Table 48>, <Figure 39>¢} #Zt}.

Table 47. The result of descriptive statistics and one-way ANOVA for
thirty-meter sprint (sec)

Group Pre Post Total
ECG! 4.60+0.37 4.29+0.27 4.45+0.32
CCG* 4.64+0.45 4.35%0.29 4.50+0.37
CG® 4.80+0.62 5.01+0.30 4.91+0.46
Total 4.67+0.46 4.53+0.42 4.60+0.44
F 283 12.383
D 157 .000
Post-hoc

Mean+Standard Deviation
ECG', eccentric contraction group; CCG’, concentric contraction group;, CG’, control group

Table 48. The result of two-way repeated measures ANOVA for
thirty-meter sprint

Variable SS df MS F p 0’
Between Subject
Group 1.598 2 7199 2.917 081 296
Error 4.656 17 274
Within Subject
Period 163 1 163 3.947 063 188
GroupxPeriod 068 2 284 6.859 007 A47
Error 704 17 041
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Table 49. The result of descriptive statistics and one-way ANOVA for
Illinois agility test (sec)

Group Pre Post Total
ECG! 17.7241.04 16.85+0.57 17.29£0.81
CCG* 17.44+0.68 16.77+0.68 17.11+0.68
CG® 17.38+0.84 17.97+0.74 17.68+0.79
Total 17.52+0.83 17.16+0.83 17.34+0.83
F 303 6.468
D 743 008
Post-hoc

Mean+Standard Deviation
ECG', eccentric contraction group; CCG’, concentric contraction group;, CG’, control group

Table 50. The result of two-way repeated measures ANOVA for Illinois
agility test

Variable SS df MS F p n’
Between Subject
Group 2.151 2 1.075 1.086 .360 113
Error 16.832 17 990
Within Subject
Period 978 1 978 4.896 041 224
Group*Period 3.978 2 1.989 9.956 .001 539
Error 3.396 17 .200
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Figure 40. Change of Illinois agility test after exercise
FECG, eccentric contraction group, CCG, concentric contraction group, CG, control group
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1) ¥5 &860°%sec)d 554 7]%5 (Knee isokinetic muscular function)

Table 51. The result of descriptive statistics and one-way ANOVA for
relative value of peak torque in right knee extensor (%BW)

Group Pre Post Total
ECG! 259.29+44.32 265.14+55.33 262.22+49.83
CCG* 269.43+56.27 269.86+61.32 269.65+58.80
CG* 276.50+27.33 257.67+28.27 267.09+27.80
Total 268.00+£43.22 264.55+48.88 266.28+46.05
F 241 092
D 188 913
Post-hoc

MeanzStandard Deviation
ECG', eccentric contraction group; CCG’, concentric contraction group;, CG’, control group

Table 52. The result of two-way repeated measures ANOVA for relative
value of peak torque in right knee extensor

Variable SS df MS F p 0’
Between Subject
Group 397.487 2 198.743 .068 935 .008
Error 49970.988 17 2939.470
Within Subject
Period 174.016 1 174.016 .100 195 .006
GroupxPeriod 1065.773 2 532.886 307 7139 035
Error 29464.702 17 1733.218
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o B2 digke] 71sE Ak dhduiA] E4HEA Ad= <Table 51>

BEAMRA A= <Table 52>9F #Zt}l. <Table 52> A3#E ®vH ok 7o A=
F2] 3k 2po]7F YERGA] ekt om(F=068, p=935), Al7IAE F2]8 2fo]7} vpEhA]
& ATHF=.100, p=.755). BE3H Hetd A7) P Fo5AE Tl F93 Aol7t
WERFA] QEkTH(F=307, p=739). Ak IF WstE FAXoE HAur7y] 93] dAvi|
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Figure 41. Change of relative value of peak torque in right knee extensor after exercise

FECG, eccentric contraction group, CCG, concentric contraction group, CG, control group
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(@ % €% Wyel B ¥ §

peak torque in right knee flexor)2] * 3}

S7H4F) AL a5 e g3

= Hd E3 ddgk(Relative value of

Ao B3 Aozt W3l 23= <Table 53>, <Table 54>, <Figure 42>9} Zt}.

Table 53. The result of descriptive statistics and one-way ANOVA for

relative value of peak torque in right knee flexor (2%6BW)

Group Pre Post Total
ECG! 132.71+£20.41 134.86£19.88 133.79£20.15
CCG? 137.00+38.11 137.00+42.07 137.00+40.09
CG* 143.50+28.55 134.00+13.15 138.75+20.85
Total 137.45+28.71 135.35+27.04 136.40+27.88
F 210 019
D 813 981
Post-hoc

Mean+Standard Deviation

ECG, eccentric contraction group; CCG®, concentric contraction group, CG’, control group

Table 54. The result of two—way repeated measures ANOVA for relative
value of peak torque in right knee flexor

2

Variable SS df MS F o) °
Between Subject
Group 166.993 2 83.496 .065 938 .008
Error 21922.607 17 1289.565
Within Subject
Period 59.825 1 59.825 141 712 .008
GroupxPeriod 242.721 2 121.361 .286 7195 033
Error 7219.179 17 424.658
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BAMREA Al <Table 54>9F 7t} <Table 54> A¥3S BH ok 7l A=
o3k Zol7k vERA] @Sk om(F=065, p=938), A7l % Foldt xtol7} viElLA|
L ATHE=141, p=712). =3, A3} A7) 7+ F52g M= fodt 2hols}
VFEREA] eFQETH(F=286, p=.755). A& 7+ WstE FAA oz AuEy] fld ddnA|
RS AN Ad eEZaads Hgsty] A F93 2ol7h vEhgA
Forom(F=210, p=813), SExz 1 Fo] T Fogt |7} gl Ao R YT
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Figure 42. Change of relative value of peak torque in right knee flexor after exercise
ECG, eccentric contraction group, CCG, concentric contraction group, CG, control group
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Hd B3 Aozt (Relative value of

peak torque in left knee extensor)2] 3}

@71 3H45)

= =
T

H) E= Azt W3t 23 = <Table 55>, <Table 56>, <Figure 43>%} 7t}

Table 55. The result of descriptive statistics and one-way ANOVA for
relative value of peak torque in left knee extensor (%6BW)

Group Pre Post Total
ECG! 239.57+36.00 256.14+31.64 247.86+33.82
CCG? 259.14+42.83 263.00£74.09 261.07+58.46
CG* 252.33£28.25 222.17+41.92 237.25+35.09
Total 250.25+35.65 248.35+£53.20 249.30+44.43
F 514 1.076
D 607 363
Post-hoc

Mean+Standard Deviation
ECG, eccentric contraction group; CCG®, concentric contraction group, CG’, control group

Table 56. The result of two—way repeated measures ANOVA for relative
value of peak torque in left knee extensor

2

Variable SS df MS F o) °
Between Subject
Group 3711.507 2 1855.754  .696 512 076
Error 45331.893 17 2666.582
Within Subject
Period 104.813 1 104.813 071 793 .004
GroupxPeriod 3707.198 2 1853.599  1.252 311 128
Error 25167.702 17 1480.453
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Figure 43. Change of relative value of peak torque in left knee extensor after exercise
ECG, eccentric contraction group, CCG, concentric contraction group, CG, control group
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peak torque in left knee flexor)2] ¥ 3}

G713 45) A%

Wil w2 B&5 = HY EA Al dk(Relative value of

o We R FIo

H) E= Azt W3t 23 = <Table 57>, <Table 58>, <Figure 44>¢%} 7t}

Table 57. The result of descriptive statistics and one-way ANOVA for

relative value of peak torque in left knee flexor (%6BW)

Group Pre Post Total
ECG! 125.43+38.32 132.29+£17.91 128.86+28.12
CCG? 131.43+24.09 132.71+£30.44 132.07+27.27
CG* 135.00+£29.68 117.00+£17.15 126.00+23.42
Total 130.40+29.92 127.85+22.90 129.13£26.41
F 156 959
D 856 403
Post-hoc

Mean+Standard Deviation
ECG, eccentric contraction group; CCG®, concentric contraction group, CG’, control group

Table 58. The result of two—way repeated measures ANOVA for relative
value of peak torque in left knee flexor

Variable SS df MS F D 1

Between Subject

Group 239.732 2 119.866 104 902 012
Error 19532.143 17 1148.950
Within Subject
Period 107.391 1 107.391 298 592 017
GroupxPeriod 1077.332 2 538.666  1.497 252 150
Error 6116.143 17 359.773
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Figure 44. Change of relative value of peak torque in left knee flexor after exercise
ECG, eccentric contraction group, CCG, concentric contraction group, CG, control group
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Table 59. The result of descriptive statistics and one-way ANOVA for H:Q
ratio of the right knee (%)

Group Pre Post Total
ECG! 51.57+8.00 51.86+8.01 51.72+8.01
CCG* 50.86+9.39 51.57+14.89 51.22+12.14
CG* 51.83+7.86 52.67+8.78 52.25+8.32
Total 51.40+8.03 52.00+10.52 51.70+9.28
F 024 017
D 977 984
Post-hoc

Meanz+Standard Deviation
ECG', eccentric contraction group; CCG’, concentric contraction group; CG’, control group

Table 60. The result of two-way repeated measures ANOVA for H:Q ratio
of the right knee

Variable SS df MS F p 0’
Between Subject
Group 6.936 2 3.468 021 980 .002
Error 2860.464 17 168.263
Within Subject
Period 3.715 1 3.715 137 716 .008
GroupxPeriod 555 2 277 010 990 .001
Error 460.845 17 27.109
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Figure 45. Change of H:Q ratio of the right knee after exercise
ECG, eccentric contraction group, CCG, concentric contraction group, CG, control group
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Table 61. The result of descriptive statistics and one-way ANOVA for H:Q
ratio of the left knee (%)

Group Pre Post Total
ECG! 51.71+8.62 52.00+4.00 51.86+6.31
CCG? 51.14+8.28 51.71+10.52 51.43+9.40
CG* 53.50+10.67 53.67+8.31 53.5949.49
Total 52.05+8.72 52.40+7.67 52.23+8.20
F 114 108
D 893 898
Post-hoc

Meanz+Standard Deviation

ECG', eccentric contraction group; CCG’, concentric contraction group; CG’, control group

Table 62. The result of two-way repeated measures ANOVA for H:Q ratio
of the left knee

Variable SS df MS F p 0’
Between Subject
Group 32915 2 16.458 158 895 018
Error 1769.560 17 104.092
Within Subject
Period 1.159 1 1.159 026 874 .002
GroupxPeriod 287 2 143 .003 997 .000
Error 760.988 17 44.764
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Figure 46. Change of H:Q ratio of the left knee after exercise
ECG, eccentric contraction group, CCG, concentric contraction group, CG, control group
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Table 63. The result of descriptive statistics and one-way ANOVA for peak
torque deficit in knee extensor (%)

Group Pre Post Total
ECG! 13.00+£10.61 9.00+8.37 11.00+£9.49
CCG? 757+5.22 7.14+5.08 7.3645.15
CG* 11.17+8.93 13.83+14.23 12.50£11.58
Total 10.55+8.41 9.80+£9.57 10.18+£8.99
F 730 811
D 496 461
Post-hoc

Mean+Standard Deviation

ECG, eccentric contraction group; CCG®, concentric contraction group, CG’, control group

Table 64. The result of two—-way repeated measures ANOVA for peak
torque deficit in knee extensor

Variable SS df MS F

2

P 1"
Between Subject
Group 185.561 2 92.780 715 503 078
Error 2204.714 17 129.689
Within Subject
Period 3.431 1 3.431 094 763 005
GroupxPeriod 72.351 2 36.176 .989 392 104
Error 621.524 17 36.560
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Figure 47. Change of peak torque deficit in knee extensor after exercise
ECG, eccentric contraction group, CCG, concentric contraction group, CG, control group
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Table 65. The result of descriptive statistics and one-way ANOVA for peak
torque deficit in knee flexor (%)

Group Pre Post Total
ECG! 13.43+11.19 6.71+6.95 10.0749.07
CCG? 11.57+8.26 19.29+9.46 15.43+8.86
CG* 13.50+14.83 13.00+14.21 13.25+14.52
Total 12.80+10.95 13.00+11.22 12.90+£11.09
F 061 2.560
D 941 107
Post-hoc

Mean+Standard Deviation

ECG, eccentric contraction group; CCG®, concentric contraction group, CG’, control group

Table 66. The result of two—-way repeated measures ANOVA for peak
torque deficit in knee flexor

Variable SS df MS F D 1
Between Subject
Group 202.993 2 101.496 615 .5bH2 .068
Error 2803.607 17 164.918
Within Subject
Period 276 1 276 .004 953 .000
GroupxPeriod 366.421 2 183.211  2.407 120 221
Error 1294.179 17 76.128
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Figure 48. Change of peak torque deficit in knee flexor after exercise
ECG, eccentric contraction group, CCG, concentric contraction group, CG, control group
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T2 A #dzr A3 A3 <Table 67>, <Table 68>, <Figure 49>%} 7t}

Table 67. The result of descriptive statistics and ANCOVA for joint angle
at peak torque in right knee extensor (degrees)

Group Pre Post Total
ECG! 54.00+5.29 54.43+3.16 54.22+4.23
CCG? 63.29£6.92 60.71£8.12 62.00£7.52
CG* 61.00£5.48 63.00+£5.76 62.00+5.62
Total 59.35+7.00 59.20£6.82 59.28+6.91
F 4.565 3.586
D 026 050
Post-hoc

Mean+Standard Deviation
ECG, eccentric contraction group; CCG®, concentric contraction group, CG’, control group

Table 68. The result of two-way repeated measures ANOVA for joint
angle at peak torque in right knee extensor

Variable SS df MS F D 1
Between Subject
Group 551.618 2 275809  5.403 015 .389
Error 867.857 17 51.050
Within Subject
Period 023 1 023 .001 974 .000
GroupxPeriod 35.561 2 17.780 843 448 .090
Error 358.714 17 21.101
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Figure 49. Change of joint angle at peak torque in right knee extensor after exercise
ECG, eccentric contraction group, CCG, concentric contraction group, CG, control group
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Table 69. The result of descriptive statistics and one-way ANOVA for joint
angle at peak torque in right knee flexor (degrees)

Group Pre Post Total
ECG! 53.14+9.55 47.14+£10.29 50.14+9.92
CCG? 50.14+12.75 46.57+12.29 48.36+12.52
CG* 48.17+13.44 41.00+13.07 44.59+13.26
Total 50.60+11.49 45.10+11.56 47.85+11.53
F 288 516
D 153 606
Post-hoc

Mean+Standard Deviation

ECG, eccentric contraction group; CCG®, concentric contraction group, CG’, control group

Table 70. The result of two-way repeated measures ANOVA for joint
angle at peak torque in right knee flexor

Variable SS df MS F D 1
Between Subject
Group 205.255 2 102.627 588 .H66 .065
Error 2966.845 17 174.520
Within Subject
Period 309.655 1 309.655  2.842 110 143
GroupxPeriod 22.226 2 11.113 102 904 012
Error 1852.274 17 108.957
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Figure 50. Change of joint angle at peak torque in right knee flexor after exercise
ECG, eccentric contraction group, CCG, concentric contraction group, CG, control group
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Table 71. The result of descriptive statistics and one-way ANOVA for joint
angle at peak torque in left knee extensor (degrees)

Group Pre Post Total
ECG! 53.86+9.08 57.86+4.63 55.86+6.86
CCG? 60.43+7.61 62.14+9.87 61.29+8.74
CG* 54.67+7.01 56.17+14.22 55.42+10.62
Total 56.40£8.16 58.85+9.87 57.63+9.02
F 1.382 621
D 218 549
Post-hoc

Mean+Standard Deviation
ECG, eccentric contraction group; CCG®, concentric contraction group, CG’, control group

Table 72. The result of two-way repeated measures ANOVA for joint
angle at peak torque in left knee extensor

Variable SS df MS F D 1
Between Subject
Group 289.887 2 144943  1.116 .350 116
Error 2207.988 17 129.882
Within Subject
Period 57.524 1 57.524 1.618 221 087
GroupxPeriod 13.011 2 6.505 183 834 021
Error 604.464 17 35.557
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Figure 51. Change of joint angle at peak torque in left knee extensor after exercise
ECG, eccentric contraction group, CCG, concentric contraction group, CG, control group
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Table 73. The result of descriptive statistics and one-way ANOVA for joint
angle at peak torque in left knee flexor (degrees)

Group Pre Post Total
ECG! 53.43+16.40 56.00£12.57 54.72+14.49
CCG? 47.71£15.02 38.57+8.73 43.14£11.88
CG* 36.83£7.39 47.50+23.76 42.17+£15.58
Total 46.45+14.77 47.35+16.69 46.90+15.73
F 2.379 2.137
D 123 149
Post-hoc

Mean+Standard Deviation
ECG, eccentric contraction group; CCG®, concentric contraction group, CG’, control group

Table 74. The result of two-way repeated measures ANOVA for joint
angle at peak torque in left knee flexor

Variable SS df MS F D 1
Between Subject
Group 1321.362 2 660.681  2.607 103 235
Error 4308.238 17 253.426
Within Subject
Period 18.536 1 18.536 .100 156 .006
GroupxPeriod 648.948 2 324474 1.745 204 170
Error 3160.952 17 185.938
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Figure 52. Change of joint angle at peak torque in left knee flexor after exercise
ECG, eccentric contraction group, CCG, concentric contraction group, CG, control group
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Table 75. The result of descriptive statistics and one-way ANOVA for
fatigue index in right knee extensor (%)

Group Pre Post Total
ECG! -10.43+£23.17 -25.43+£34.59 -17.93+28.88
CCG* 457+14.31 2.29+15.25 3.43+14.78
CG* 7.50£11.01 0.83+14.53 4.17£12.77
Total 0.20£18.21 —7.85+26.12 -3.83+22.17
F 2.093 2.944
D 154 080
Post-hoc

Mean+Standard Deviation

ECG, eccentric contraction group; CCG®, concentric contraction group, CGP, control group

Table 76. The result of two-way repeated measures ANOVA for fatigue
index in right knee extensor

Variable SS df MS F

P 1

Between Subject

Group 4287.751 2 2143.876 2,992 077 .260

Error 12181.524 17 716.560
Within Subject

Period 634.108 1 634.108  4.313 053 202
GroupxPeriod 291.094 2 145.547 990 392 104

Error 2499.381 17 147.022
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Figure 53. Change of fatigue index in right knee extensor after exercise
FECG, eccentric contraction group, CCG, concentric contraction group, CG, control group
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Table 77. The result of descriptive statistics and one-way ANOVA for
fatigue index in right knee flexor (%)

Group Pre Post Total
ECG! -10.43£25.44 -8.57£25.09 -9.50£25.27
CCG* 3.14+13.99 16.71+11.13 9.93+12.56
CG* 12.17£13.57 15.83+12.24 14.00+12.91
Total 1.10£20.09 7.60+20.63 4.35%20.36
F 2.409 4.547
D 120 026
Post-hoc 1<3
Mean#Standard Deviation

ECG, eccentric contraction group; CCG®, concentric contraction group, CG’, control group

Table 78. The result of two-way repeated measures ANOVA for fatigue
index in right knee flexor

Variable SS df MS F

2

P 1"
Between Subject
Group 4238.671 2 2119.336  4.833 022 .362
Error 7455.429 17 438.555
Within Subject
Period 403.010 1 403.010  1.807 197 .096
GroupxPeriod 274.548 2 137.274 615 552 .068

FError 3791.952 17 223.056
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Figure 54. Change of fatigue index in right knee flexor after exercise
FECG, eccentric contraction group, CCG, concentric contraction group, CG, control group
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Table 79. The result of descriptive statistics and one-way ANOVA for
fatigue index in left knee extensor (%)

Group Pre Post Total
ECG! -17.43+21.85 -21.00+17.63 -19.22+19.74
CCG? -6.00£21.53 -0.14£13.90 -3.07£17.72
CG* 6.33+£12.79 -3.67+16.48 1.33+14.64
Total -6.30+20.89 -8.50+17.92 -7.40+19.41
F 2.400 3.343
D 121 060
Post-hoc

Mean+Standard Deviation

ECG, eccentric contraction group; CCG®, concentric contraction group, CG’, control group

Table 80. The result of two-way repeated measures ANOVA for fatigue
index in left knee extensor

Variable SS df MS F D 1
Between Subject
Group 3131.648 2 1565.824  2.864 .085 252
Error 9295.952 17 546.821
Within Subject
Period 65.774 1 65.774 723 407 041
GroupxPeriod 416.314 2 208.157  2.287 132 212
Error 1547.286 17 91.017
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Figure 55. Change of fatigue index in left knee extensor after exercise
ECG, eccentric contraction group, CCG, concentric contraction group, CG, control group
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Table 81. The result of descriptive statistics and one-way ANOVA for
fatigue index in left knee flexor (%)

Group Pre Post Total
ECG! -2.29+11.51 -1.86£29.74 -2.08+£20.63
CCG? 6.71£19.23 10.29+£12.30 8.50+15.77
CG* 13.67+18.41 10.83+15.29 12.25+£16.85
Total 5.65+17.08 6.20+£20.63 5.93+18.86
F 1.506 806
D 250 463
Post-hoc

Mean+Standard Deviation
ECG, eccentric contraction group; CCG®, concentric contraction group, CG’, control group

Table 82. The result of two-way repeated measures ANOVA for fatigue
index in left knee flexor

Variable SS df MS F D 1
Between Subject
Group 1468.096 2 734.048  1.457 .260 146
Error 8562.179 17 503.658
Within Subject
Period 1.504 1 1.504 .007 933 .000
GroupxPeriod 66.344 2 33.172 .160 354 018
Error 3531.131 17 207.714
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Figure 56. Change of fatigue index in left knee flexor after exercise
ECG, eccentric contraction group, CCG, concentric contraction group, CG, control group
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Table 83. The result of descriptive statistics and ANCOVA for total work

done in right knee extensor (N-m)

Group Pre Post Total
ECG! 1248.43+214.35 1732.14+300.37 1490.29+257.36
CCG? 1524.00+£211.71 1760.43+312.47 1642.22+262.09
CG* 1777.17+345.71 1749.17+245.72 1763.17+£295.72
Total 1503.50+£328.47 1747.15£274.52 1625.33+£301.50
F 6.755 017
D 007 983
Post-hoc

Mean+Standard Deviation
ECG, eccentric contraction group; CCG®, concentric contraction group, CG’, control group

Table 84. The result of two—-way repeated measures ANOVA for total work
done in right knee extensor

Variable SS df MS F D 1
Between Subject
Group 48729%.8%4 2 24364747 2.030 162 193
Error 2040287.331 17 120016905
Within Subject
Period 529489.286 1 520439.286  16.954 .001 499
GroupxPeriod 423271.704 2 211636862 6.777 .007 444
Error 530920.571 17 31230.622
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Figure 57. Change of total work done in right knee extensor after exercise
FECG, eccentric contraction group, CCG, concentric contraction group, CG, control group
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Table 85. The result of descriptive statistics and one-way ANOVA for total

% 9 (Total work done in right

% £ 9EY FF 25 Pl w

<Table 8>, <Table 86>, <Figure 58>} Zt}.

work done in right knee flexor (N-m)

7% 93

il
H

Group Pre Post Total
ECG! 625.86+252.35 751.431272.24 638.65£262.30
CCG? 737.29£190.47 834.71£196.58 786.00+£193.53
CG* 926.83+187.51 862.83+236.95 894.83+212.23
Total 755.15+237.50 814.00+229.65 784.58+233.58
F 3.245 397
D 064 678
Post-hoc

Mean+Standard Deviation
ECG, eccentric contraction group; CCG®, concentric contraction group, CG’, control group

Table 86. The result of two-way repeated measures ANOVA for total work
done in right knee flexor

Variable SS df MS F D 1
Between Subject
Group 214752.8% 2 137376.447  1.653 221 163
Error 1412427381 17 83083.964
Within Subject
Period 27942.158 1 27942.158  1.482 .240 .080
GroupxPeriod 66066.561 2 33033.280 1.753 203 171
Error 320427.714 17 18848.689
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Figure 58. Change of total work done in right knee flexor after exercise
FECG, eccentric contraction group, CCG, concentric contraction group, CG, control group
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Table 87. The result of descriptive statistics and one-way ANOVA for total

work done in left knee extensor (N:m)
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Group Pre Post Total
ECG! 1348.00+£365.45 1629.57+£200.55 1488.79+283.00
CCG? 1502.86+278.59 1708.43+356.80 1605.65+317.70
CG* 1758.00+254.75 1706.67+£308.68 1732.34+281.72
Total 1525.20+£335.60 1680.30£281.85 1602.75+308.73
F 2.929 159
D 081 854
Post-hoc

Mean+Standard Deviation
ECG, eccentric contraction group; CCG®, concentric contraction group, CG’, control group

Table 88. The result of two—way repeated measures ANOVA for total work
done in left knee extensor

Variable SS df MS F D 1
Between Subject
Group 383449.262 2 191724631  1.296 299 132
Error DUTBZR 17 147928132
Within Subject
Period 209922.566 1 209922566 6.392 022 273
GroupxPeriod 192742.519 2 96371.260 2.935 .080 257
Error 568291.381 17 32840.669
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Figure 59. Change of total work done in left knee extensor after exercise
FECG, eccentric contraction group, CCG, concentric contraction group, CG, control group
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Table 89. The result of descriptive statistics and one-way ANOVA for total
work done in left knee flexor (N-m)

Group Pre Post Total
ECG! 673.00£331.67 706.43+234.79 689.72+283.23
CCG? 716.57+209.67 866.14+241.16 791.36+225.42
CG* 951.00£276.06 859.00+282.64 905.00+279.35
Total 771.65+289.03 808.10+250.33 789.88+269.68
F 1.839 878
D 189 434
Post-hoc

Mean+Standard Deviation
ECG, eccentric contraction group; CCG®, concentric contraction group, CG’, control group

Table 90. The result of two—-way repeated measures ANOVA for total work
done in left knee flexor

Variable SS df MS F D ik

Between Subject

Group 299526.34 2 149763152 1.408 272 142
Error 1808086571 17 106356.857
Within Subject
Period 9152.684 1 9152.684  .270 610 016
GroupxPeriod 94317.761 2 47158.880 1.392 275 141
Error o57a371.714 17 33874.807
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Figure 60. Change of total work done in left knee flexor after exercise
FECG, eccentric contraction group, CCG, concentric contraction group, CG, control group
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9 F5 & WHd e F& AT Hd 99 (Average power per

Table 91. The result of descriptive statistics and ANCOVA for average
power per repetition in right knee extensor (W)

Group Pre Post Total
ECG! 142.71+32.40 191.86+33.42 167.29+32.91
CCG? 171.71+21.11 203.86+32.60 187.79+26.86
CG* 207.17+37.89 195.67+21.47 201.42+29.68
Total 172.20+39.45 197.20+28.93 184.70+34.19
F 7.066 290
D .006 152
Post-hoc

Mean+Standard Deviation
ECG, eccentric contraction group; CCG®, concentric contraction group, CG’, control group

Table 92. The result of two-way repeated measures ANOVA for average
power per repetition in right knee extensor

Variable SS df MS F D 1
Between Subject
Group 7732.269 2 3866.135  3.209 .066 274
Error 20484.131 17 1204.949
Within Subject
Period 5382.682 1 5382.682  8.285 .010 328
GroupxPeriod 6215.393 2 3107.696  4.783 022 .360
Error 11044.607 17 649.683
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Figure 61. Change of average power per repetition in right knee extensor after exercise
FECG, eccentric contraction group, CCG, concentric contraction group, CG, control group
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Table 93. The result of descriptive statistics and one-way ANOVA for
average power per repetition in right knee flexor (W)

Group Pre Post Total
ECG! 86.43+26.66 96.29+26.71 91.36+26.69
CCG? 92.14+23.06 111.86£21.61 102.00+22.34
CG* 122.50+30.41 106.17+26.69 114.34+28.55
Total 99.25+29.76 104.70+24.62 101.98+27.19
F 3.341 692
D .060 514
Post-hoc

Mean+Standard Deviation

ECG, eccentric contraction group; CCG®, concentric contraction group, CG’, control group

Table 94. The result of two-way repeated measures ANOVA for average
power per repetition in right knee flexor

Variable SS df MS F

D n’

Between Subject

Group 3411.094 2 1705.547  1.922 A77 184

Error 15088.381 17 887.552
Within Subject

Period 193.694 1 193.694 431 520 025
GroupxPeriod 2203.665 2 1101.833  2.453 116 224

Error 7636.810 17 449.224
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Figure 62. Change of average power per repetition in right knee flexor after exercise
ECG, eccentric contraction group, CCG, concentric contraction group, CG, control group
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Table 95. The result of descriptive statistics and one-way ANOVA for
average power per repetition in left knee extensor (W)

Group Pre Post Total
ECG! 148.71+41.42 181.43+21.37 165.07+31.40
CCG? 165.71+21.16 194.57+39.55 180.14+30.36
CG* 196.50+31.09 184.83+31.63 190.67+31.36
Total 169.00+36.50 187.05+30.59 178.03+£33.55
F 3.576 321
D 051 730
Post-hoc

Mean+Standard Deviation
ECG, eccentric contraction group; CCG®, concentric contraction group, CG’, control group

Table 96. The result of two-way repeated measures ANOVA for average
power per repetition in left knee extensor

Variable SS df MS F D 1
Between Subject
Group 4329.665 2 2164.833  1.354 285 137
Error 27179.810 17 1598.812
Within Subject
Period 2752.642 1 2752.642  6.031 025 .262
GroupxPeriod 3810.665 2 1905.333  4.175 034 329
Error 7758.810 17 456.401
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Figure 63. Change of average power per repetition in left knee extensor after exercise
FECG, eccentric contraction group, CCG, concentric contraction group, CG, control group
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Table 97. The result of descriptive statistics and one-way ANOVA

for
average power per repetition in left knee flexor (W)

Group Pre Post Total
ECG! 86.14+38.91 98.86+19.50 92.50+29.21
CCG? 97.86+23.85 110.14£25.31 104.00+24.58
CG* 126.17+36.76 106.67+30.42 116.42+33.59
Total 102.25+36.01 105.15+24.30 103.70+£30.16

F 2.377 368

D 123 697

Post-hoc

Mean+Standard Deviation

ECG, eccentric contraction group; CCG®, concentric contraction group, CG’, control group

Table 98. The result of two-way repeated measures ANOVA for average
power per repetition in left knee flexor

Variable SS df MS F

D n’
Between Subject
Group 3697.983 2 1848.992  1.493 253 .149
Error 21056.417 17 1238.613
Within Subject
Period 33.434 1 33.434 .064 .804 .004
GroupxPeriod 2150.721 2 1075.361  2.044 .160 194
Error 8945.179 17 526.187
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Figure 64. Change of average power per repetition in left knee flexor after exercise
ECG, eccentric contraction group, CCG, concentric contraction group, CG, control group
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3) 318 <3 (30°%/sec)e] 554 7|5 (Trunk isokinetic muscle function)

(1) 5 &5 P w2 g 22 HAd B3 ddgk(Absolute value of

peak torque in trunk flexor)2] W3}

AR A FE $E BEY £F £F el ue sl @2 Ay

E3 Azt W3t 243 <Table 99>, <Table 100>, <Figure 65>¢} 7t}

Table 99. The result of descriptive statistics and one-way ANOVA for
absolute value of peak torque in trunk flexor (N-m)

Group Pre Post Total
ECG! 272.86+45.46 280.43+33.92 276.65+39.69
CCG* 282.57+20.14 289.57+20.35 286.07+20.25
CG* 307.67+29.90 320.67+29.06 314.17£29.48
Total 286.70£35.10 295.70+31.83 291.20+33.47
F 1.805 3.520
D 195 053
Post-hoc

Mean+Standard Deviation
ECG, eccentric contraction group; CCG®, concentric contraction group, CGP, control group

Table 100. The result of two-way repeated measures ANOVA for absolute
value of peak torque in trunk flexor

Variable SS df MS F D n°
Between Subject
Group 9664.590 2 4832.295  3.291 .062 279
Error 24958.810 17 1468.165
Within Subject
Period 840.203 1 840.203  1.796 198 .096
GroupxPeriod 69.143 2 34.571 074 929 .009
Error 7953.857 17 467.874
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Figure 65. Change of absolute value of peak torque in trunk flexor after exercise
ECG, eccentric contraction group, CCG, concentric contraction group, CG, control group
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peak torque in trunk flexor)e] =3}

S71(45°) ABAE w5 2 954 5 2F Ui mE sy =2 A

E3 Azt W3t 23 <Table 101>, <Table 102>, <Figure 66>} 7t}

Table 101. The result of descriptive statistics and one-way ANOVA for
relative value of peak torque in trunk flexor (%5BW)

Group Pre Post Total
ECG! 378.86+41.29 390.29+45.04 384.58+43.17
CCG? 402.86+27.97 410.29£24.51 406.58+26.24
CG* 399.67+43.46 412.00+19.32 405.84+31.39
Total 393.50+37.50 403.80+32.13 398.65£34.82
F 817 952
D 458 405
Post-hoc

Mean+Standard Deviation
ECG, eccentric contraction group; CCG®, concentric contraction group, CG’, control group

Table 102. The result of two-way repeated measures ANOVA for relative
value of peak torque in trunk flexor

Variable SS df MS F D 1
Between Subject
Group 4272.576 2 2136.288  1.236 315 127
Error 29388524 17 1728.737
Within Subject
Period 1075.251 1 1075.251  1.449 .245 079
GroupxPeriod 45.719 2 22.860 031 970 .004
Error 12619.381 17 742.317
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Figure 66. Change of relative value of peak torque in trunk flexor after exercise
ECG, eccentric contraction group, CCG, concentric contraction group, CG, control group
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peak torque in trunk extensor)2] 3}

S71(45°) ABAE w5 2 954 5 2F Ui mE sy Al A

E3 Azt W3t 23 <Table 103>, <Table 104>, <Figure 67> 7t}

Table 103. The result of descriptive statistics and one-way ANOVA for
absolute value of peak torque in trunk extensor (N-m)

Group Pre Post Total
ECG! 235.14£62.53 258.57+76.76 246.86+69.65
CCG? 276.71£52.95 293.43+59.98 285.07£56.47
CG* 320.50+73.20 283.00+34.11 301.75+£53.66
Total 275.30£69.07 278.10+£59.48 276.70+64.28
F 2.986 604
D 077 558
Post-hoc

Mean+Standard Deviation
ECG, eccentric contraction group; CCG®, concentric contraction group, CG’, control group

Table 104. The result of two-way repeated measures ANOVA for absolute
value of peak torque in trunk extensor

Variable SS df MS F D 1
Between Subject
Group 20979.507 2 10489.754  1.587 233 157
Error 112334.893 17 6610.876
Within Subject
Period 7.720 1 7.720 .008 932 .000
GroupxPeriod 7039.279 2 3519.639  3.431 056 288
Error 17440.321 17 1025.901
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Figure 67. Change of absolute value of peak torque in trunk extensor after exercise
ECG, eccentric contraction group, CCG, concentric contraction group, CG, control group
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(4) % % 9WHd w2 7 A HY E3 A g (Relative value of

peak torque in trunk extensor)?] W3}

S71(45°) ABAE w5 2 954 5 2F Ui mE sy Al A

E3 Azt W3t 23 <Table 105>, <Table 106>, <Figure 68>} 7t}

Table 105. The result of descriptive statistics and one-way ANOVA for
relative value of peak torque in trunk extensor (2%6BW)

Group Pre Post Total
ECG! 324.00+63.13 353.86+78.43 338.93+70.78
CCG? 392.43+52.80 414.00+68.02 403.22+60.41
CG* 412.50£76.45 365.17+45.57 388.84+61.01
Total 374.50£72.05 378.30+68.51 376.40£70.28
F 3.500 1.601
D 053 231
Post-hoc

Mean+Standard Deviation
ECG, eccentric contraction group; CCG®, concentric contraction group, CG’, control group

Table 106. The result of two-way repeated measures ANOVA for relative
value of peak torque in trunk extensor

Variable SS df MS F D 1
Between Subject
Group 31578.648 2 15789.324  2.301 131 213
Error 116665.952 17 6862.703
Within Subject
Period 18.536 1 18.536 011 917 .001
GroupxPeriod 11325.648 2 5662.824  3.408 057 .286
Error 28244.952 17 1661.468
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Folg Aolrt YEhA] @oko v (F=2301, p=131), A7 E F3F o]z}
YEA] TR F=011, p=917). T3 Hetat A7) 3F Zo a8 aatdlA = 7o e
ZFol 7} YERYA] et F=3.408, p=.057). H I+ WStE FAHoZ AFH R
sl dAMA FAREAS A dd ezEads A8 d fFog 2ol rt
Ve A] ke m (F=3500, p=.053), &+FZ2 1% o F Fojg Aolrt gl
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Figure 68. Change of relative value of peak torque in trunk extensor after exercise
ECG, eccentric contraction group, CCG, concentric contraction group, CG, control group
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B) 5 & WHel w2 e A v & (Relative value of FE ratio in

S71(45) ABAE a5 2 ¢4 5 2 Ui mE sd =4 e

M3l Ayl= <Table 107>, <Table 108>, <Figure 69>¢} zt}.

Table 107. The result of descriptive statistics and one-way ANOVA for
relative value of F:E ratio in trunk (%)

Group Pre Post Total
ECG! 121.57+31.88 115.43+31.10 118.50+31.49
CCG? 104.57+16.89 101.86+18.97 103.22+17.93
CG* 99.83+£21.52 114.33+£14.21 107.08+17.87
Total 109.10+25.00 110.35+22.65 109.73+£23.83
F 1.467 740
D 258 492
Post-hoc

Mean+Standard Deviation
ECG, eccentric contraction group; CCG®, concentric contraction group, CG’, control group

Table 108. The result of two-way repeated measures ANOVA for relative
value of F:E ratio in trunk

Variable SS df MS F D 1
Between Subject
Group 1755.201 2 877.601 .986 393 104
Error 15128.274 17 889.898
Within Subject
Period 35.194 1 35.194 151 703 .009
GroupxPeriod 772.982 2 386.491  1.657 220 163
Error 3965.893 17 233.288
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Figure 69. Change of relative value of F:E ratio in trunk after exercise
ECG, eccentric contraction group, CCG, concentric contraction group, CG, control group
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<Abstract>

Effect of short-term eccentric and concentric contraction exercise
on health- and skill-related physical fitness

and 1sokinetic muscular function in male college student

Ju-Yeon, Jeong

Department of Kinesiology

The Graduate school Jeju National University

The purpose of this study is to determine the effects of short-term (4 weeks)
eccentric and concentric contraction exercise on the health— and skill-related
physical fitness and isokinetic muscular function in male college student.
The subjects of this study were 20 healthy male college students who had
participated in resistance exercise for more than 3 months, and had no
cardiovascular or musculoskeletal diseases for the past year or more.
The subjects were classified into a eccentric contraction exercise group
(ECG, n=7), a concentric contraction exercise group (CCG, n=7), and a
sedentary control group (CG, n=7) by a random assignment method.
The ECG and CCG focused on each contraction method, performing
eccentric and concentric contraction exercises in a 5:1 time ratio for 75
minutes per day 3 times a week for 4 weeks. Before and after participating in

the exercise program, body composition, body circumference (chest, hip,
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mid thigh, calf), health- and skill-related physical fitness (hand grip
strength, back muscular strength, sit-up, sit and reach, front abdominal
power test, sargent jump, standing long jump, 10/20/30m sprint, Illinois
agility test), and isokinetic muscular function (knee muscular strength and
endurance at 60°/sec and 240°/sec, respectively. Trunk strength at 30°/sec)
were measured. Two-way repeated measures ANOVA was performed to
verify the effect of interaction between groups and periods, and one-way
ANOVA was performed to verify differences between groups. The results

of this study are as follows.

First, body fat mass was significantly decreased in CCG compared to CG.

Second, sit—up showed an effect of interaction between groups and
periods, and significantly increased in ECG compared to CG.

Third, ten—-meter sprint record was significantly decreased in CCG
compared to CG.

Fourth, fatigue index in right knee flexor at 240°/sec was

significantly increased in ECG compared to CG.

Summarizing the results of this study, we found that although
short-term (4 weeks) eccentric contraction exercise affects muscular
endurance and isokinetic muscular endurance, concentric contraction
exercise has an effect on body composition and speed. Therefore, this
study suggests that selecting and performing the necessary contraction
exercise method according to the training purpose can improve health-

and skill-related physical fitness and isokinetic muscular function.
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