creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

22
7O

—

N

L~
E
A

7}

8

3l
5}

L

TD"
2017

A



dAEY £50) WAFIHY A3RAAY

AR5 9 AEABYAAIGE-D vAE

Axis 71 94 &

W & of

B

o] =E-& AT AN =Eo2 AST

2017'd 8¢

a  a Y M FUs

A o A 3




N
alg

Sol gAFHA 2

o

L

gAEHE7]

EdFAJAAGF- 1)

|

] X

0

dHF

o}

T
1T

AFdea o

=
4

E|
1o

AZFAGF- 1)l w1 A=

d

J o]

%

FAek #HE 209 0]

°

= A4

)
=

i
)

°ol-&

[e)

=

PASW ver. 180

-

=3
[ 2 W

A

=l

]

_ZTI

—_
fite)

el
NJo

i
Hr
ol
NJo

3

o] YERREoH,

bl o,

°

1

FoFeES a=05= 2A

ol

7}

=)

) 4]

Z

A4,

bl ot

°

HAl <

o

9

[e)

i

J o]

d

a

O
RS

[e)
IT

’

==
=

AT, JoAAT



L

[}

o] A

}

1t

=
T

ioHd, 12
A AAHIGF- 1)l

I

= Z')‘Hl—

[}

=
=

shaich. ool A

7]—0

=

[e}

&7

o

g

[e)

i

1ZHIGF- 1)+

-

}\é )

el
fro

‘._AJV-O

or
"

fvze)

o

ey
el

4

el



%0

o]
Gl
o
Jl

B

11
12
14
14

-

[e]

Al o

&

1594

O TEU AL e

o]%;&] HH7g

o

2. ATe] =

4.

Io.
1.

14
15
16
16

-

AT

;OU
<

=

Bl

s
jant

=K
Hr

;OO

fvze)

Nr

18
18
19
19
19
20
22

2)

OC}: }\é o

H

3) A4
4) A A

©

v.



95
96
28
29
31
.39
34
35
43
44

-

-

o

X1 0

o

X1 0

E
E

o
o

e
1594

-

o
o

9) /“j]i"lﬂ?(]:ﬁej,

3.
3.

o
np

!

_iv_



Table
Table
Table

Table
Table

Table
Table

Table
Table

Table
Table

Table
Table

Table
Table

Table
Table

10.

12.

13.

14.
15.

16.
17.

List of Tables

Physical characteristics of the SUDJECtS - wswessrrmmmremmsssimisiisiseneaaee. 14
GroUp jUMP TOPE EXEICISE PrOGIAM  wsssweessreessresssseossssmssssimsisassssisisnneaas 16
The Results of two-way repeated ANOVA for
Body Weight after 12Weeks s rresseremmmmmsssumssssimmissssonssssenmssseonsssass 19
Comparison of Body weight after 12Week « e, 20
The Results of two-way repeated ANOVA for
Waist circumierence after 12WeeKS -« - rrrrmrermerssieesesesssesesesesssaenn. 21
Comparison of Waist circumference after 12weeks «««weerereeeeeeeeees 21
The Results of two-way repeated ANOVA for
BMI After 12WeekKs e reerrererrrsmmmemmmsrsnsssssssisssssssssssssissesss s ssssesessessssssesnes 29
Comparison of BMI after 12Weeks s e sresseressermssemsmemmmemminsnsesiesieens 23
The Results of two-way repeated ANOVA for
Percent body fat after 12Weeks - wersssreemsmremmmssumssesiisesiisssseisnees 24

Comparison of Percent body fat after 12weeks «+o--seeesserreesveeeemiieeennnee 24

. The Results of two-way repeated ANOVA for

Right grip strength after 12Weeks « s o5
Comparison of Right grip strength after 12weeks «teooseeeereeeeesineeennnee 26
The Results of two-way repeated ANOVA for
Left grip strength after 12Weeks - e 7
Comparison of Left grip strength after 12weeks «-oeeoeeeerereesneeenneeenne 27
The Results of two-way repeated ANOVA for
Back Strength after 12Weeks « s wwssseereesssseseemssessresssesiessssvnsssssoeens 28
Comparison of Back strength afterl2weeks « -« wesssrssesssisssiiisinnns 29
The Results of two-way repeated ANOVA for

MUSCUlar endurance after 12W€€ks ........................................................... 30



Table
Table

Table
Table

Table
Table

Table
Table

Table

18.
19.

20.
21.

22.

23.

24.

20.

26.

Comparison of Muscular endurance after 12weeks «wwweeeeereseseeees 30
The Results of two-way repeated ANOVA for
Harvard step test after 12Weeks - s s rmrrmrisiisessissesesiseseees 31
Comparison of Harvard step test after 12weeks w--oseeerreeeemmsssenneinninnn. 32
The Results of two-way repeated ANOVA for
Flexibility after 12Weeks - wwssrwessremmmmsremmsmsesesssiesimssesemsssensssesennsseoens 33
Comparison of Flexibility after 12Weeks e 33
The Results of two-way repeated ANOVA for
Growth Hormone after 12WeekKs e rrrrimmmesississessssssassssssssssssassans 34
Comparison of Growth Hormone after 12weeks weeeeeeresesmsesseenseeen 35
The Results of two-way repeated ANOVA for
IGF = T after 12Weeks « - rwrerrerrmemresnesssessnsesssssessesssssssessssssssssssssssssssssenes 36
Comparison of IGF- T after 12Weeks « - wsersemsrmssmessemisssimiecinnccinnce. 36

_Vi_



List of Figure

Figure 1. EXperimental design - s wsseeemssremmsmremminsssimisseimsssssinssssonssssonens 15
Figure 2. Comparison of Body weight after 12Weeks - wesremseusmmemmsncianane. 20
Figure 3. Comparison of Waist circumference after 12weeks «-seeessereessneeenceens 22
Figure 4. Comparison of BMI after 12Weeks s eesssremsrsumsnsmssssseisinsisieenaane. 23
Figure 5. Comparison of Percent body fat after 12weeks «oosoeeeereerseemmneeennennnneens 25
Figure 6. Comparison of Right grip strength after 12weeks -:ooseesereeseeesseenncen 26
Figure 7. Comparison of Left grip strength after 12weeks ««eseeerreneeemseeennnneeen 28
Figure 8. Comparison of Back strength after 12Weeks s weessremmseemssnsrensnnne. 29
Figure 9. Comparison of Muscular endurance after 12weeks -« eeeseeresseeesseeeneees 31
Figure 10 Comparison of Harvard step test after 12weeks «eoeeremrrresieemsneennnce 32
Figure 11. Comparison of Flexibility after 12Weeks « s rsresrrmmssmemssneisee. 34
Figure 12. Comparison of Growth Hromone after 12weeks ««tesreerreemssemseeenncen 35
Figure 13. Comparison of IGF- T after 12Weeks « s weesremmreummissimssississenanane. 37

- vii -



1

bl ol 2

2 AZEE ®HY

°

W& T2

=

3}

g (52

A

DVDA]

=
o

. A
L
(38.8%)

[}
=

5(55%), TV

o]
k=i

B Al
(63.6%), Abul ¥

3T
IT

3

8

A 7]

o]
DVDA]

a7 HeA

[©)

1.
Ao ARSloll A3 E
X
=1

TV

B

p—

0

;OH

-

o2 yeldta E43AG(EAA, 2014).

FARTHOE
A% 1007 199

(2015) T °]§ FAAF A <]

A

)

&4

B3|

5]}

He 5647778 o) B Ylo] &

S

A5 25

3}
<1

2 g3

j
a-

al

8

0] o
A=

} <) &F 1

= X

=

™
T

—

Nyl
o

4

o

il

)

=

o

CEEIREEER
o A

A A EF ol

==
=

1

o =
= I
IR eRs

ke
o

\

By
s}
7%,

o] &

B arsk At

7EA oA Hvt

=
=

i 21l

9]

‘(H

el
%0

¥

Ay g

-

4, 4
9l ch(

AR AA

-

ZF, 2006; Halpern et al,

J

d

840z 94y

92011 #
%

-

T

A 4

A

3|
A

o1} 41

Al 71l AA)
()]

Zd 7] (adolesence)

3

8

23, 2013).

AR} 8~19A41, FAF 10~22417 &= (Malina et al, 2004) <Ayl AofA 2%}
5]

RENE EERCE S

2010), &3]

)
—~
fite)

el
R

o)
ulfal
o

&
o

T
JJo

)

R

o



TROE O w8 ® 2 -
o g W YT s ® g & oy = = i ~
FPLECEUETEZESCSE oREs: LETLsC
By BELgw o P LT o M Mo 4 o B s N H T -
%o s o - — g © o
nr® e ¥ Z wEog o N wm g Tom S F T L g
H SN Mo S o W N ET B ! = w0 —_ S ° 0
52 oF o ™ o T < = Uu_ ~ 9 um o &e N2 ) ) DR oo ow @
G I T M T 8 ™ o = O = T .- o B o5 NOT T
g It A B N oo o B9 B T X <~ SN K g
= s raxtw g EVPE o E Pgo = = TR
U,._ % N -~ Onﬂ m % oﬁ 3 B 5 o3 H 0 Lf 3 o OC aﬁa N Eo © ‘ZIT
> 4w woom e @Y S o T T woo - W M I U wm_\u of o 0
S NS ol = M m E il %0 = Mo - Ny Ho Amm —_— — )] i
o ow 9 I mw x5 &% 3 T o wog Fowmw TR BT R 4
ol o roa T R N I S A oy S 0o H % & oo < mT 2
(=] —_— = ~ o] o) N -~ S —_— 0 7l P
w8 M ol o ok ' @ g 8 o T WA Wu_“ N = ke o oo 5o P X
Joo . T LR L 2 &5 3 o o W oo BT "o Moo R S T
R e B N oF o - 2 - = LS o 0 o) Mo 2 - o CIERS
wm o A o X 5T T g g A TR o R o
N ow o TP E g8 o= om N kb R U I B I S
—_ X o il oo o K =3 i) T TR N Qb o Moo
ol T = o < =7 ) - oy —=x o mn N o mn o= o
o 2y M F o 8 T L wow X * oD s g )
" o Ao M 5 o% —_ or — =< 9 o U o
N N oy ER s Y 0 ) N N W oy OF o o
Gl T - £ o = Ak m T xS 5 o= N
gy MM Koy T8 2 o X oF h y ~ % - T 5 Ty m e g Mo il
0 _O ‘)AI —_— qu ~ - ,w —~ ]_vﬁl E o X \_l_vO v —_—
T o % ® o Bls &g X o e = HOT T b < N X T o ¥ K
N b= IR < o X Nlo N — O . =" fo —_
o Jdoomow — ® o5 TR OE & - T ER W e =T g Fw LS
N oo~ o R o Mwﬂmmau - I R
— l — = — 0 Rt (9N <R 7
oooRr Nwm s 59 8 &% o W T B s WoE ] "
X R —~ = o O T TR X o N 8 0 ~o <0
Hom oo X m S T E oo o B = o A T N
~ K Xo ‘m_x U_*A LK — OT_ 2 T :i Jl <R 2 £ ﬂn_ EO =~ 7 © 0
=y - a5 S T ¥ Ox Gy o B oop oo LT o
o Moo o T d g o5 oW T o S ™ ™M T o 5w . . T P il
e SO - T S~ B L i - & ® EH T oW 7
e ® g T ow oy p =N TV oo o =K ma T LT E Ly T
_ - — — < T X ) ~ =
R S R = < o P % S N RO
N @@ o X M T EF R R Bos oy F oo oo g P W Koy oo
—_ i =0 nooLS - = © ~ — = o o
oﬁﬁ%awﬂo%yaﬂm7A,wwﬁ_#wﬂ_oﬂéﬁomﬂ%%wgm%
X T ®m T E o & = ~ S~ 5 T g (-
w BT T B E A < = m mur o/ S £ N oW N SN w3 ] © Mo T do RO
T & " & o W W = o= O 4
2L Ao N TR T oof "™ R ORI

27

-

1

0]
pul

b}

3l oF

)

S [e]
252

=

A

A



—
fite)

2]

el

2]

Nlo

o)
1o
ol

’

=

ol A

[ez]
S

7He 17A

1

+

I

Z

oy 3]
Joic o

9]

AW 714 3

1
=

o]

=

—

o]

==
=

71e] 7ol ol

TH

N

A=

el

Wr

tel thsl A7)

27}

==
5,

d 107 3} vl

]—6_1]—/R

R4

2} H|W

1}
“

- s
&l 25t
3 1=}
e
5,

S}

AAEA, A 7

(o)

=

A=

b Q= o 1w, 2006).
CFo AT, A7)

2

o]

&

4,9951 o]
S

Al
o
Sl

g

A

-
S
ko3

T

APATE Ao, AALTE 20%°]

I

o

=
=

£

, AIA

=
=

Zpol 7k vhebykom # A

»{51_

#9l

3 A Aol A

Fil A 2 3 4 T R

Pyl

B

el
;OO

}

0]
pul

Q

[e)

i

ol A

A

al

NS
I

R

oA &7}
H st oh(d 54, 2000, 3

=0

H

=
=,

=0

H

g of e A%

HH
LN

W

2002). =

€}
LN

]

-
R

[e]

o2 YEyton, &

tha

ds, A A

Z

o4 63hd FY 40

b
ol

Tor

ol

Nro

Hoa Rt rH(e] 4 g, 2002). 1HEZ 59

Al

ol
ojn

e

27, ofrket, 2007). oA H AFA¢

N
& 2 #(Growth hormone; GH, or Somatotropin

1
ted AA, AATA, Al

°

o A

L

wo =

3

A 5, 2008). 11~134] ¢
K

5



I

i)

=K

ToR

hormone; STH)¢| ZF7}¥ t}.

AvtE B

A QAR

N

w

(somatostatin)©]|

O, 44522 BH s283 AvtEXAEE Y A

-
1

(pulsatile) J B} 2 ZH] =]

 RERESES

srlEsEEe HAR Buw,

2015; M- thstal o hhst, 2005). o2&

F tH(Borer, 2003;

S

v Frhgea

1 2HIGF-1)

o

A3}

Al 0

Adedd

T

=3

Friedmann & Kindermann, 1989; Pritzaff et al, 1999).

=
=

wH =

IGF-1¢9] &

of wE

Far

, 2004; Cathy et al, 2002; Fan &

T

AL
;OO

)

Hodgson, 1994). o}% 7] 9]

=H|7F < Al = o]

WA 4= 9l v (Baranowski et al, 1992; Rogol et al, 2000; Sara

& Hall, 1990).

™

™
W

o
50

)

—
fite)

Gl

29 Yo A7 B A9H 5

g

o157} %

Ey_]__

AZHIGF- 1)l #

d

J o]

%



1ZHIGF-1)

[e]
g9l

Aed
T ekal bk @Al Fat

=9 A

a4

==
=

o

A7 74

3.

1) 12

el

2ol frol g 2ol 7

I

Z

el

A AHIGE- 1 )ell

shel o,

ki3

D2 a7 g 5 a4 PEetne] gAFstgo A

84 % shsint.

3) AT+ Ak A



&7 w7

II.

ok

s

N

P

s

st

N

71 2~3mAEY WA e AR H =9

15|
=

==
=

)

N

to
|

WA, "AY, =AY, #

W}7F 9o,
ofg] E2o= Ad, AL el ol

2

5 EfoldoR

=4

3oA ot AL

ol

REA]

il

s
Nfo
ol
ojn
!

#F, 27, o2 gol g

e
. T

[e3]
2R

g 5

Al

W
v

o

)

W

M

o
XM

&

o
o
el
o
H

™

~

W

R

+

20
=

2R

ATk “KBS A ZHAH2007)” <]

Tor

o

Njo

NR
el
;OO

Jmu-o

W

B

o
20

M

R

+
ol

4

%)

el

2016).

}

w3

T, o<t 1995).

o A H A=

3}
=

=971

3)

=
=

o

ol "eolzhr)”

1 ==z
=

1

0] o]z}

SROEE

%

W

Ey_]__

i,

gl

Z

7o A 7E==



T

2]

Bl

}

0]
pul

ATFaL

3

ofole] mo 87} ool

o]

71 E

2]

o 2

]

St} %9

o] 2ol F3el EAA

Ze=
s

-
1

A Z(1793)°¢] A Aol

ade 9

%

3

A
X]

|

p—

0

_foﬁl
N

M %

}

0]
yal

=2 57 7}

J o

7l HH o

1

<
=

[ o]

Jol = 71 AA

Sk A
s}

}

0]
pul

o dAY F el

g el ol A

B

KN
T

A A 7

= 37
=

(:1)_]:

A

2

HA, =2

J|
dolw Qi 3 wAA

-

1

b ek A

d71 WA}

0]
=

SR
=3

=

=

T

= =

o] o o
M HE =2

5

712 %Al (Johann, 2008)

o
= =9

1
H

ZAl
T

1,

w7

N

&eH()

Al

=

A de] RgH

)

= 3

=:]
=

e

I

2 A

[©)

-2

A S

=

3}

o N “zulol mmpopEe] o] B

=] 4

[}

=

k)

ol A7IHA #AAA 7}

skl o

=
=
[¢)

g

3]

Nfo

g
joh

ol

I

o

el o]

713 8], 1980; Orhan, 2013;

o $¥HS Ae Ui,

Jdoza Al



==
=

g A9 72kgo] A

=

=

Trampas & Kitisios, 2006). =971 18 FoF 125~1403]

)

105kca’} AR5

KN
T

o Al Tkcal, 15+

300Kcal7}

Aol

o

i
)

AL

=

Alell ZHE A ol &t

of AE o

[

IS &
==
=

Wk gl 84 vhebE, 7}

=)

W Welw ik
al

=
HAEE7= 7

sk

o] %3}

b ol 18 E9d et 7
2000).

==
=

o~
T,

]

-
R

[e]

2 %ol =

atahs ol thA
5% oA vzt

4
N

o=

S

HO
ol

13
=

-
1

FEfol A EAlel H

=

=

3} 7h9] ol

3 b9 kel m

A

Ay

2k

=

A A7,
A}

[e)

1=

o}

1
=

j=

o]
El

=

o

o
¥

-

1

ot

25

AW, 7F
A w AFE Al

1

<
=

Ax 7 Age Uy, ol

)

o7} 4 lo]
9 we

=

—

s
Mo

o)

st

N

5 o

=
o

71(4m, 6m, 8m

o~
T

Z(pveAd 2 ZFo] 71

solv w Aol

=
3}
=

A g
15

A

§), &9

=

3}

AAe] AR HAo] §

e 4] 5 0

o] ek 355 o]

o,

)
=

H 9w

A

H

=
=7

§), skolof =(
I

7h]lel |

=

=
o

3}

15 7])0

1

-

=
o

= E

[e)
=

3}

=971
=971

1

!

PN
=

)

1

(

Aol wheh i

1 7



AT A= =, 2016).

= >~
= T

=

]

)

[e]
= &

]

A
¢

5

’

1

o] x

d,

%

, e, =

Al
2

o A

=

=4 ¢

+ Al

kel
[e)

=
L

(6)

(5)

viia
w
,mﬁ
N
e

el
;OH

_io
o)
JJo

N

0

%
oF

el
gl
3
S

o}

0

%

A & (physical fitness)S 4

=

Sl
£ 5 (Bar-Or

st
b

°

J

CAATA e A 2 A

5}

9] 5] o]

=
71, &, Hd s, 2

=

—
N AN R AE
_]

1=
ol

3

o+ (ACSM, 2016), A

FAL A §E 220 HAAAZE(Kang et al, 2002; Nassis et al, 2005)& =& Al

==
=

FITT (Frequency, Intensity,

}

0]
pul

AT AATFAE ohe A9

}

& 0]1}
et

o] E=%o] Hm(ACSM, 2016), A&

[e)

ENERNKY

==
=

3

8

A

=

)
a2 A THACSM, 2016).

°

(Gutin et al, 2002; Obert et al, 2003), #

o] AAHow A2

, AL
oj® @i

=

=

J

d

a

O
RS

2 g
]
o

14 o
ol

R

=]
(health-related fitness)<= 7§13 #HH A%

& Rowland, 2004; Malina, 2006), &7 3} & (Macdonald et al, 2007, MacKelvie et

al, 2004)]1 271, wel 27], ¢, dx, A" B5riet

Time, and Type)E Fit4 55 T5%

(ACSM, 2016). o]zl st
(CRE)¥} ¢

==
=

2]

el
NI
N
03
pl
mK

)

AA gl W, 5, 7

AWk Z A (fat mass) =

1= = e)
T T

?;51_

8



E Al AAHZA(fat-free mass)) o2 TAH

ad

g &34 o)t

ASA FeE e A o)

1

N7+ HAA 7

A

]

i

= g o
. o 1=

]_

4 el whep depc

fite)

g

|
AA €] 7]

g o]

[e) [e)
wE e

CHBlair et al, 1989; Blair et al,

}

0]
pul

N= e Az

A

o

|
1995; Kodama et al, 2009; Sesso et al, 2000; Wang et al,

=

THACSM, 1995). & T3¢
A

1

o

.

1

W

I

A 7 %

2010).

tH Garber et al, 2011).

}

0]
pul

T
JJo

o
MJ

p—

0

NF

T
MJ

T
JJo

)

—
fite)

el

of AYA

5}

ko)

99l E FEN), 222 (kg), FEEAD)RE A

ol
T
M

o
X
"

™

\.—_mﬂo

&
o
I
B
&

vzl

ol

o] #tHACSM, 2016).

—
fite)
N

G

s

=y

o] tH(ACSM, 2016).

tHACSM, 2016).
- 10 -

]

fad

H %

) 2odch g 9

I

of ¢

%O



3 2o 4ulE R 3 (Somatropin)
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IRB)¢] << (JJNU-IRB-2017-008-001)< ¥ % xla s} T},
A7 hdAEo AAA 542 <Table 1>} 2t
Table 1. Physical characteristics of the subjects
Group N Age(yrs) Height(cm) Weigh(kg)
Control 10 14.50+0.53 164.25+5.39 58.58+19.83
Exercise 10 14.80+0.42 159.19+£7.57 53.45£5.43

2. 49 44

44

it

AE <Figure 1>3 72t}
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Group classification(n=20)

Control group(n=10) Exercise group(n=10)

4 4

pre test(Oweek)
Body Weight, Waist circumference, BMI, Percent body fat, Right grip strength,

Left grip strength, Back strength, Muscular endurance, Harvard step test,

Flexibility, GH, IGF-1

Team rope jumping exercise(12week)

program
1 ~4week: 5~8week: | 9~12week:

RPE 13~14 | RPE 14~16 | RPE 14~16

4 4

Post test(12week)
Body Weight, Waist circumference, BMI, Percent body fat, Right grip strength,

Control group

Left grip strength, Back strength, Muscular endurance, Harvard step test,
Flexibility, GH, IGF-1

<Figure 1> Experimental design

Mo
off
(K

3. ¢AEd7] 239

2oddge wAEYs] SEEEIAL FuleE10R)

110~12005 F7F A&stalen, @A

297 FOA 32 R(ESAVAE, NF4e}, NEH S TS Qe
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TAAQ] FEEZZ oW <Table 2>} 2t}

Table 2. Team rope jumping exercise program

[e) [e) & [e) [e) [e) [e) o)
FEA FEPH FEWE U F AR FEATHFAAL

(min) (type) (day/week) (week) (RPE) (min)
=HlEs 10 1~4  RPE 13~14
2 5 30 A=Y 3 5~8 RPE 14~16 2+1
485 10 9~12 RPE 14~16

(1) A A4 (Body composition)
oA AF AFe 42 4H] JENIX(SAHA Y 2, Korea)E o] 43}
ks "l Hojgk 7hEel 5SS #2835k & 2 S48 A, A FAF(BMD,
a5 AANTE ZFE
Korea)S o] &3le] =A3t) 38 & d(Waist Circumference, WC)&= ZS ¥t

s WElar Zum o] Hehdi wiel Jolm 9% T3 oS ALZT|l A

AAATH 4 ¥ MEREES 29 12032 249 § 49%=2 50 cm

sl L E2Wel7] dFe 3~43] A § ZAAE FEAIR w0l Ad A

Efficiency) & 73} th.

_16_
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A s & dH AEws FE51 U 2k 5 S 2 (Growth Hormone),
Q& YA AR (Insulin Growth Factor- 1) %25 HANIA 3L, T E 22 Riakey
zenpeck(H 7] of]) Al k& ALE & W AdA A AHIGF-1)E= Beckmamcoulter Immutech
(A=) AFS AEsFe], ste @33 H 9 =4 H(Chemilu minescent Immunoassay;
CLIA) .= A& FAsAt @9 AFA 9 42 AF EALY dAAMAE A A

A8t

5. A5 A g

B Ao nE zrAglE SPSS(Statistical Package for the Social Sciences)
18.0¢] version TAIZZ WS ALEdte] e 7= AEAS 9% ¥ (Mean)
¥} 3 FH=}F(Standard Deviation) S AH&3F3] ).

GAEE7] e T8 AAuEAY, 4z =2

a =5 AEdFIJAAAGF-1)9 =

’

dAZdr] £% 2% A T AW 7ke] zolE HwaEly] 93 =gYnE

o PSHEE t-testS AFE3F T}

P ASe A% FFES a=.062 2 S
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dAEd7] Fe] AT AZaEAY, dFzEE H 9

&
IGF- 1ol mAE 43S Foelr] ko] AA8 2 Ao Ane e g,

D A=

1257 dAEE7] AN F d2fddy efdde] AT

H3l= 8 <Table
3 >, <Table 4> % <Figure 2> ¢ 7t}

Table 3. The Results of two-way repeated ANOVA for Body weight after

12weeks
T S5 DF MS F Pr> F
Group 266.256 1 266.256 .636 436
Period 225 1 225 391 540
Group*Period .009 1 .009 .016 902
Error 10.356 18 .575
Total 276.846 21

HF=.636, P=.436) 3 FAA71(F=.391, p=.540)]

=)
it
B
L
rlr
offt
)
ax
|o

2 frolAkelsk tehbA egtov], Rum A6l e

-1 O

dezbge]l ol = 723k 2ol (F=.016, p=.902)7} YEFLHA] 2 Skt

1=

_’]9_



Table 4. Comparison of Body weight after 12weeks

Body weight (kg)

Group
pre post t p
Control 58.58+19.83 58.76+19.76 -473 .648
Exercise 53.45+5.43 53.57+5.02 -411 .691
t -.789 -.805
p 440 439
Age A ol vmE F AF A ALF BRAA ol @ Aok HEA

A el A e AAAF FolE BAG A3 dadws 59 mFA &

o) g Aol7t EA ekt

64
60
B m———————— - -
2 |
£ -& Contro
S 56 .
§ -O~Exercise
=1 o —0
(o]
@ 5o
48
pre post
Figure 2. Comparison of Body weight after 12weeks
2) 8=

1257 gAEd7] AA 5 dzddd esdde sdEede Wike v

1=

<Table 5 >, <Table 6> % <Figure 3> ¥} Zt}
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Table 5. The Results of two-way repeated ANOVA for Waist circumference

after 12weeks

T SS DF MS F Pr>F
Group 17.161 1 17.161 128 725
Period 144 1 144 187 .670
Group*Period 729 1 729 948 343
Error 13.847 18 769
Total 31.881 21
HhE =2 ALEA

g TAMEA 2y FJd 7HF=.128, p=.725) 2 A A|7](F=.187, p=.670)°l
s Aol 7k behbA ekgkow, Aust A6
£ 35 Age] BAME Fole 2ol (=948 p=343)7b heA ergie,

Table 6. Comparison of Waist circumference after 12weeks

Waist circumference (cm)
Group
pre post t p
Control 70.25+£10.76 70.40+£10.45 -.291 778
Exercise 69.21+4.75 68.82+4.66 1911 .088
t -.280 -437
p 783 668

iy
i
=
2
>
ol
~
>,
Y
>
>,
o
24
s
i
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-= Control

O\_@ —-O-Exercise

Waist circumference(cm)

66

pre post

Figure 3. Comparison of Waist circumference after 12weeks

3) A& ZA = (Body Mass Index: BMI)

127 dA=d7)

AN gEAes esdwe AduALe W

=

s

o

<Table 7 >, <Table 8> % <Figure 4> ¢} #Zt}.

Table 7. The Results of two-way repeated ANOVA for BMI after 12weeks

T SS DF MS F Pr>F
Group 52.441 1 52.441 1.343 262
Period .625 1 625 6.045 024
Group*Period .004 1 .004 .039 846
Error 1.861 18 103
Total 54.931 21
WHESA FAREA A3 Hd IH(F=1.343, p=262)° W& W= FAASE
o Apol7b vEhA @gkont, FAAIZIF=6.045, p=024)°l wE W= fo ¢
Aol7b etk gwd A we 4sdee] FHdAL fold ol

(F=.039, p=.846)7} “FER}A 9kokey.
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Table 8. Comparison of BMI after 12weeks

BMI (kg/m')
Group
pre post t p
Control 22.08+5.93 21.81+6.10 1.530 160
Exercise 19.77+1.80 19.54+1.64 2.274 .049
t -1.179 -1.136
p 264 282

AdFAT= J gholl HwE 3

B ergkel,
Aa el E AD-ALE FolE B4

H
thol M= oS Al A (t=2.274, p=.049)3 A O = L}EFy

3 gzgeld fold Aojz} el

>
rob
)

25
= 22 = - -—
-——=-=
£ -& Control
2
= —-o—Exercise
=
m O o
19
16
pre post

Figure 4. Comparison of BMI after 12weeks

4) A A5 (Percent body fat: %BF)

1257 gAEd7] AA 5 dzddd esdde AAYES Wike v

<Table 9 >, <Table 10> % <Figure 5> ¢} Zt}.



Table 9. The Results of two-way repeated ANOVA for Percent body fat

after 12weeks

T SS DF MS F Pr>F
Group 15.129 1 15.129 .093 764
Period 100 1 .100 339 567

Group*Period 5.776 1 5.776 19.602 .001

Error 5.304 18 295

Total 26.309 21

WHESA BAREA A Jd IHF=.093, p=764) B FAA7](F=.339, p=.567)
e Waks AR Fofgh ApolrE yEhA fdskont Hutat A 7]l
2 A gl F438 Al (F=19.602, p=.001)7F VbR

Table 10. Comparison of Percent body fat after 12weeks

%BF (%)

Group
pre post t p
Control 17.05+10.51 17.71+10.47 -2.369 042
Exercise 16.58+7.38 15.72+£7.19 4.286 .002
t -116 -.495
p .909 626

AALES A ol WAE F A AT AT BEAA Fol@ Hol7} e

Ad Yl A% QAT FolE BA

rob

A3 gl welsA STt
(t=-2.369, p=.042)%F o=z yrwon, esddodrs FostA A (t=4.286,
p=.002)% Ao = eI
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pre post
Figure 5. Comparison of Percent body fat after 12weeks
5 $-<ot4

1277 ®AEYY A4 F odEdus $Edud fode wWa: o

<Table 11 >, <Table 12> @ <Figure 6> ¥ Zt}.

Table 11. The Results of two-way repeated ANOVA for Right grip strength

after 12weeks

T SS DF MS F Pr>F
Group 51.076 1 51.076 547 469
Period 064 1 064 .010 921

Group*Period 900 1 900 143 710

Error 113.386 18 6.299

Total 165.426 21

W= BALRA Ax Zu (H(F=547, p=469) ¥ =A A7) (F=.010, p=.921)l
mE Wals FAHoR fosk o]zl YEA gkorn izt ZH A7 w
2 Aazgo gyl F93k xFo](F=.143, p=.710)7} YEFY=A] ket
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Table 12. Comparison of Right grip strength after 12weeks

Right grip strength (kg)

Group
pre post t p
Control 27.40+7.48 27.02+6.63 301 770
Exercise 29.36+7.07 29.58+7.04 -.228 .824
t .602 838
p .554 413

32
;6"3 30
x O -
S
[)]
c
o -& Control
“ 28 .
o - —-o—Exercise
5 0 M -
-
£
A=
e 26

24

pre post

Figure 6. Comparison of Right grip strength after 12weeks

6) 3o}

1277 @AY A4 F dadwn $EPed #de Wit og

1=

<Table 13 >, <Table 14> @ <Figure 7> ¥ #t}.
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Table 13. The Results of two-way repeated ANOVA for Left grip strength

after 12weeks

T SS DF MS F Pr>F
Group 76.176 1 76.176 497 490
Period 6.889 1 6.889 2.163 159

Group*Period 5.184 1 5.184 1.628 218

Error 57.327 18 3.185

Total 145.576 21

HhE =2 A

g FAbEA A3 Jd K (F=.497, p=490) 2 FAA71(F=2.163, p=.159)°]
e W3ke SAHeR Fo% Aolrh yEhA Ften, fdat SAA T w
S 45AEY aHNME Fo3% Aol (F=1.628, p=.218)7} YEFA] Skt

1=

Table 14. Comparison of Left grip strength after 12weeks

Left grip strength (kg)
Group
pre post t p
Control 28.87+11.02 28.98+10.45 -113 912
Exercise 25.39+6.60 26.94+6.22 -2.712 024
t -.856 -531
p 403 602

Hotge Hu 7ho] MEE @ AT AT AF wRA FeF 2ol 7k teh

A Wl N E AFA-ALE Aold BAG An fzAddA o8 Aoz} et

(o3

Al @koy, F Tl s FoetA S7Ht=-2.712, p=.024)% Ao = ERk
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Figure 7. Comparison of Left grip strength after 12weeks

7) Wi

1277 dAEdr] AA & dxFdy e ey e WsleE v
<Table 15 >, <Table 16> % <Figure 8> ¥ #t}.

Table 15. The Results of two-way repeated ANOVA for Back strength

after 12weeks

T2 SS DF MS F Pr>F
Group 438.906 1 438.906 .289 597
Period 459.006 1 459.006 1.445 .245

Group*Period 393.756 1 393.756 1.239 .280

Error 5719.113 18 317.728

Total 7010.781 21

WS EAHEA A3 He 1HF=289, p=.597) 2 FBA7](F=1.445, p=.245)
g Wit SAMeR Fo3 Abolrk yEryA Sgker, Hdy SAHA ] w
e AaAEe aHdME Fo8 Aol (F=1.239, p=.280)7F WEFA] 2 Skt
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Table 16. Comparison of Back strength after 12weeks

Back strength (kg)

Group
pre post t p
Control 82.20+35.79 82.70+36.87 -134 .896
Exercise 69.30+22.30 82.35+23.10 -1.226 .251
t -.967 -.025
p .346 980

88
82 B——————————————== o)
=)
=
=
g - Control
@ 76 |
“ -O—Exercise
-
b
o
70 —
64
pre post
Figure 8. Comparison of Back strength after 12weeks
8) A ¢

1277 @AEE7] A4 5 dxgud eEgve 247 wa

rlr
s
[o

1=
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Table 17. The Results of two-way repeated ANOVA for Muscular

after 12weeks

endurance

T SS DF MS F Pr> F
Group 625 1 625 .004 952
Period 65.025 1 65.025 5.753 .028

Group*Period 93.025 1 93.025 8.230 .010

Error 203.450 18 11.303

Total 362.125 21

ZHF=.004, p=.952)e W& W3t= S

¢

@ Aol7h WEA gkgkoul, SN (F5753 p=02)e] WE Mae fo@ A

ol7b vehth dwd Z4A7e mE gsase] FRAAE FoF ol

H
(F=8.230, p=.010)7} YEF%E

Table 18. Comparison of Muscular endurance after 12weeks

Muscular endurance (times/60sec)

Group
pre post t p
Control 32.90+11.13 32.40+9.54 .288 780
Exercise 30.10£8.60 35.70+8.17 -4.549 .001
t -.630 831
p 537 417
SATHE Yo el Wl @ A3 AR S mReA fo @ Fol sk ek
A e ekt
A YAt AA-AE o2 BT A grdadA Fo3 Aol7t e
WA ko, e el freletAl S 7Ht=-4.549, p=.00D3F Ao ek
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Figure 9. Comparison of Muscular endurance after 12weeks

9) 4134 -2

1277 BAZE A4 F dzden $sgud gdATde was o

<Table 19 >, <Table 20> % <Figure 10> ¥} Zt}.

Table 19. The Results of two-way repeated ANOVA for Harvard step test

after 12weeks

T2 SS DF MS F Pr>F
Group 5.048 1 5.048 104 .750
Period 28.747 1 28.747 3.597 074

Group*Period 29.361 1 29.361 3.674 071

Error 143.848 18 7.992

Total 207.004 21

HEES4 ZAEA A3 Jd 7HF=.104, p=.750) % A 71(F=3.597, p=.074)°
WE WstE BAMCE fo@ Aozt vhehtbA grgtom, Pt ZAA]0
2 guagel ol NE Fol@ AFol(F=3674, p=071)7 Ve ehsket,
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Table 20. Comparison of Harvard step test after 12weeks

Harvard step test (CE)

Group
pre post t p
Control 51.6315.20 51.61+3.27 012 991
Exercise 50.63+5.53 54.04£6.67 -3.449 .007
t -.418 1.032
p .681 321

AAATFE e A el WS G AT AAT AT mFNA FoIF o]} 1}
B kgt

A A E ARAF Fole BAG A3 dzedaold fold o7t

o
N
§2
=
o
x
Mo
offt
i)
.
o
o)
rlr
do
lo,
_OL
X,
o|N

7Ht=-3.449, p=.007)3 Ao = tEbyk

56
54 o
Ll
=
@
2 Control
-
s 52 )
< [ - —O—Exercise
B
©
2
(]
I 50
48

pre post
Figure 10. Comparison of Harvard step test after 12weeks
10) a4
1257 @AEY] A4 F dxdwn eEPve fd4de Wit oo

<Table 21 >, <Table 22> ¥ <Figure 11> 3} Tt}
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Table 21. The Results of two-way repeated ANOVA for Flexibility after

12weeks
T SS DF MS F Pr> F
Group 68.644 1 68.644 .670 424
Period 22.201 1 22.201 5.922 .026
Group*PeriOd 19.881 1 19.881 5.303 .033
Error 67.478 18 3.749
Total 178.204 21

HF=.670, p=424)°] WE W= SAXSE 9

¢

3 aolzh YErbA ehgkont A A7) (F=5922, p=026)] mE W= feld
o7} uehdth Hew ZAAsd we Aszge avdAr o3 2ol

H
(F=5.303, p=.033)7} }E}F%E

Table 22. Comparison of Flexibility after 12weeks

Flexibility (cm)

Group
pre post t p
Control 6.68+7.74 6.76+8.81 -.079 939
Exercise 7.89+6.67 10.79+5.51 -4.188 .002
t 375 1.227
p 712 236

Qe ol N AHA-ALE Aold BAG A% fzAddA o8 Aoz} et

A @koy, F sl = FoletA S 7Ht=-4.188, p=.002)% A o= e

_33_



12

10 "

E
%" - Control
- 8 (O .
8 -C-Exercise
=
Q
[ B---————mmm————— == -

6

4

pre post

Figure 11. Comparison of Flexibility after 12weeks

2. A3 22 (Growth Hormone: GH)9 # 3}

=

12527 dAEd7] AN F dz2fddy fefde] Az Ess Wike v

<Table 23 >, <Table 24> % <Figure 12> ¢} #t}.

Table 23. The Results of two-way repeated ANOVA for Growth Hormone

after 12weeks

T SS DF MS F Pr>F
Group 30.941 1 30.941 202 .658
Period 5.098 1 5.098 781 389

Group*Period 13.830 1 13.830 2.118 163

Error 117.540 18 6.530

Total 167.409 21

HEES2 AR A3 JAd HF=202, p=.658) ¥ FAA|7](F=.781, p=.389)°
uE Wite SAHSRE {Fo3% Aol7t yEhUAl Fskem, My ZAGA| 7]l wh
2 F5g g AE F93F o] (F=2.118, p=.163)7} e} &oiTh,

_34_



Table 24. Comparison of Growth Hormone after 12weeks

Growth Hromone (mg/dl)

Group
pre post t p
Control 6.21+7.10 5.74+6.65 1.264 .238
Exercise 6.34+9.58 7.90£10.91 -1.201 261
t 151 714
p .882 487

Qe Yl NE AFA-AE Aol EAS A9 gzddn $EN9 2Tl 4

o4k 2ol 7k LhehtA) eksieh.

g
y
o
é /
g 7 / -= Control
o
e W ______ —0-Exercise
= TTT==- -
=
2 5
9
G

3

pre post

Figure 12. Comparison of Growth Hromone after 12weeks

3. deDIAHAAUGF-1)9 WH3}

1277 GAEYY] AN ¥ gxded ergvel Awddddel wae o

S5 <Table 25 >, <Table 26> % <Figure 13> ¥} -t}
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Table 25. The Results of two-way repeated ANOVA for IGF-1 after

12weeks
T SS DF MS F Pr> F
Group 5878.200 1 5878.200 .248 .624
Period 3832.198 1 3832.198 4.756 .043
Group*PeriOd 5067.001 1 5067.001 6.289 .022
Error 14503.084 18 805.727
Total 29280.483 21

ZHF=.248, p=624)°] & Wsl= A2 o2 Fo

¢
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Table 26. Comparison of IGF- 1 after 12weeks

IGF-1 (mg/d{)

Group
pre post t p
Control 408.55+123.93 405.61+110.32 247 810
Exercise 370.41+96.96 405.92+103.86 -3.126 012
t -.937 -.035
p 361 972
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<Abstract>

The Effect of Group Jump Rope on Health-related
Fitness, Growth Hormone, and Insulin Growth
Factor- I (IGF-1) in Male Middle School Students

Yoon-A, Nam

Department of Physical Education, Graduate School,

Jeju National University, Korea

Supervised by professor Young-pyo, Kim

The purpose of this study was to investigate the effect of group jump rope
exercise program on health-related fitness, growth hormone, and insulin growth
factor- I (IGF-1) in male mid-school students. 26 male mid-school students who
were not participating in a regular exercise program were randomly selected as
study subjects. A total of 20 students participated with 10 in the exercise group
and 10 in the control group. The exercise group took a 50-minute group jump
rope exercise program 3 times a week for 12 weeks. The intensity of exercise
was RPE 13~16 and the exercise included long 8-figure marathon, long 4-leap,
and long hopping in and jump the roping together. The control group only
performed their regular daily activities. The measured data was analyzed with
PASW ver. 18.0 and the mean and standard deviation for each measured items
were obtained. Repeated measures ANOVA was used to analyze the difference
according to the group and the exercise period. Paired t-test was used to
analyze the pre and post difference within the group for significant difference,
and independent t-test was used to analyze the difference between the groups.
The level of significance for testing all the hypotheses was set at a=.05. The
results showed that the waist circumference was reduced in the exercise group
after 12 weeks of group jump rope exercise and their right grip strength and
back strength were increased. In the exercise group, body mass index(BMI) and

body fat percentage were significantly decreased and left grip strength, muscle
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endurance, cardiovascular endurance, and flexibility were significantly increased.
In the exercise group, growth hormone showed increase albeit without
significance, and insulin growth factor- I IGF-1) showed significant increase. In
conclusion, the results of this study indicate that a 12 weeks of group jump
rope exercise program has positive effects on health-related fitness and insulin
growth factor—- I IGF-1) in male middle school students. Based on the study
results, adjusting the period, duration, frequency, method, and intensity of
exercise and consistently performing group jump rope are likely to improve the
quality of physical activities in male middle school students during the school

physical education.
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