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ABSTRACT

A Study on the Stability of Core and the Change of
De—Training Period in Swiss Gym Ball, Sling, and

Centaur Exercise Programs in University Taekwondo

Oh, Si Yeon
Adviser : Prof, Yoon Oh Nam
Department of Physical Education

Graduate School of Chosun University

The purpose of this study is to find out the basis of the core
exercise which can improve the exercise performance effectively by
applying the Swiss Ball, Sling, and Centaur exercise program at the
frequency of 3 times a week for 12 weeks. The core stability, body
composition, and physical fitness were verified through the exercise
program, and the core stability, body composition, and physical
strength were analyzed during 2 and 4 week detraining period after

the end of the exercise program.

1. The results of BG obtained by 12—week Swiss Ball are as follows.

In the body part, all items except weight showed a significant level,
and in the fitness part, all items except balance were improved. As a
result of core stability, all of the eight directions (0°, —45° 45°,
—90°, 90°, —135° 135° 180°). Detraining Two—week and four—week

changes in body composition showed significant differences in the

_Vi_
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measurement period of all items except BMI. In all items, there was a
significant difference in measurement period, and statistically significant

The results are shown.

2. The results of the SG obtained using the 12—week sling are as follows.

In the body part, all items except weight showed significant level,
and all items improved in physical strength. As a result of the core
stability, all the angles except 45°were improved in 8 directions (0°,
—45°, 45°, —90°, 90°, —135° 135° 180°). Detraining Two—week
and four—week changes in body composition showed significant
differences in the measurement period of all items except BMI. In all
items, there was a significant difference in measurement period, and

statistically significant The results are shown.

3. The results of the CG obtained using 12—week Centaur are as follows.

In the body part, all items except for weight showed a significant
level, and all items improved in the physical part. As a result of the
core stability, it improved at all angles in 8 directions (0°, —45°,
45°,  —90°, 90°, —135° 135° 180°). There was a significant
difference in the measurement period of all items except for BMI in
the 2 weeks and 4 weeks of detraining. In the physical part, there
was a significant difference in the measurement period in all items.

In CG, All of which were statistically significant.

As a result of all the results, the most significant differences were
found at 90°, —135° and 135° post—test, and thus CG and BG were
effective for stability of the core and long—, SG, and so on.

Therefore, in the Centaur 3D spinal stabilization exercise group,
the muscle strength improvement of the body composition and

physical strength was maintained for a long period of time.

- Vi -
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2 %
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o

oA 237 A= HFE FHYY 255y AER FAHE 5%
x4, HF =, Fad, 3AY aga JIdE PN e sexA Y e
ZAOZHE AHARE ol HF F99o IHES AEIEF e MAxE =
Ao A #go] dastA Ft(Panjabi, 199

)
7] (neuromuscular mechanism)< &2 o] 1S wfo} & o= &9
A #EE F-skedH 83 98-S SoHA 4G, 2018). AAE &&
(neuromuscular efficiency)< S HAAZ]AL, FHo2 QHgA]
o

= =2
H ol FA AN AA 5 Al&(kinetic chain)

>,
o

fijo
N
)
olr
p‘L
X

9‘-"
4
hasd
rlr
=

&2 A9 417 A g (optimum neural adaptation) sh
olglgt MAATES 45U &4 253 F&S (XA, 2018).
S ¥ -§(intra—muscular coordination) ¥ 5 o (motor unit
recruitment), % %4%] &Y 3F(motor unitsynchronization)E 7}A Al sk 770
<559 s (Patra & bob, 2000)°]tk. <53+ S (inter—muscular
coordination)& F& <, AL, F&, kgAY THTo] asFoR &
A Zgste Aol o8 FdE TF 229 f&(integrated movement
efficiency)& 3l2tst7] &k A4 AAS] sHolth(MAd=, 2018). A< &
o] ¥SFE T2 ¥ FH(recruitment)E 7Fs3shA st Ao R
e A7 A= A A 3cF(National Academy of Sports Medicine, 2001).

ot w250l 3 Hojd W FF o] FFE 7 AvkeE A sl &
AT oA T ZEIafd AAHT 2d F-(neuromuscular
control training)& XZFAIF M (HHS, 2008). o] FAES F3lo] A7E I
b ZAeE e, 299 UHA 5o 712AY Rl
o

°
=
SAAR 2adE = g US Aew dddr
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P4 g (H A, 2005).

of
o/
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6. T Ed# °]d(Detraining)

Detrainingell W& AAA 759 A8t e &5 A 59 3AFEE A9,
Ay, A9, T, FEPE AAE, Aol A7 sl wep dEFs weval
a2l tH(Bloomfield & Coyle, 1993).

Edold Feo wet Edold @iyt Aolsiths A o]

o2 I
)
&
o
=5
5
=2
(0}
2
o
rlr
[
=
o
ol
o
i
H
o2
2
=
©
[
=

& AA oA R HEoRa B sk tH(Willmore & Costill, 2000).

Detraininge A|&4Q S&Fdd A A Ho|AY Fr|Ho=z &s T3}

= A2, 1~2F3719 Detrainings A1 A4 AYAS SHAA S5 adel £4
Al s yEld 4 AT F7]AR] Detraininge ot 5o JfAY
AAY FgE AA D AYA] HASE e AlZE ¢t &5 do= EE A7
A ETHETA, ol4E, 2016)aL dFom, 45 o] TETHS FEOR
A3l FHEAT 7lsEN FAHAA GFS vAE Ao Bt HAE,
FHE, AEH(2007). E3F Detraininge 41 Asls ol #osleE M EE=
glote] oA At g& Al Hast, S5l EAEH 759 AstE <
S At 2F 320 dUAY Fio]l AstEUA AL dREFEY A
A5 ARESE Tl Faske A

Aol A w7+
7t Detraining®] <o m|x|&=
o] ok 129% Asle Ao R HuHErHESA, 2011).

oo wel fEdelda glEdeldd tdt dFEo] JPHAAM HATE
2 719 7Y ggor WgAT 7] QA E AAA] &F ]

Aoz ®Wawal
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JAEGFE
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247} (Phase angle)2 A E
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7. Y42+ (Whole Phase Angle)
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)
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AT AFUE GFYGAA A = CAlEgaed AE Fl HAX
FA AFER A 2 AAsAH AV §le F 304WS 74 vjA s
292 2 53 10 (BG : Swiss Ball Exercise Group), €% €% ¢

107 (SG : Sling Exercise Group), AE= &J 108 (CG : Centaur
Exercise Group)o. & —&ste] Aol Fho Azt A& deprjol] oA
HHAAER stodg & AT BE AFAAA AAfel] s ApAle] dw sk
APEA QL oJALR Q1% Fo|AE Wrol ARS el ATt ALY AlA

A EAS <Table 1> £t

|

Table 1. Physical Characteristics of Subjects(M%SD)

Skeletal muscle

Group N High(cm) Weight(kg) mass (kg)
BG 10 170.69+7.49 70.47£10.46 32.3+6.36
SG 10 168.81+10.12 65.75%9.83 29.1545.99
CG 10 171.69+7.13 65.6616.08 29.3244.52

BG : Swiss Ball Exercise Group
SG : Sling Exercise Group
CG : Centaur Exercise Group
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CHOSUN UNIVERSITY

2. 94+ X
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SPSS 23.0 ©]&, tf74, p<.05

Figure 5. Research procedure and Period
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Table 2. Measurement item and tool

i

Division Measure Item Measure tools Model/National
High(cm) A1 7A| BSM 330
Weight(kg) Inbody Inbody 770
Body BMI((kg/m?) Inbody Inbody 770
Composition
Skeletal muscle Inbody Inbody 770
mass(kg)
phase angle(@) Inbody Inbody 770
. BS-HG
ol &
Grip Strength 2HE (Inbody, Korea)
BS-BM
v =&
Back Strength h d (Inbody, Korea)
Leg Strength ZF A BS-LS
) (Inbody, Korea)
Physical Strength
Muscle Q0] 07 BS-SU
endurance (Inbody, Korea)
o - BS-FF
Aoz y3]7
Flexibility A 273]7] (Inbody. Korea)
Balance T kA 7] BS-ES

(Inbody, Korea)

Core Stability

Core Stability Centaur BFMC(Germany)
Measure
Table 3. Exercise Equipment and Methods
Equipment Usage Equipment name Model/National
Swiss Ball Core Swiss Ball Thera-Band
Exercise (U.S.A)
Sling Core Exercise Sling Redcord
(Norway)
Centaur Core Exercise Centaur BFMC(Germany)
—_ 24 —_
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1) AlA| 44 (Body Composition)

AMAFA4 L Inbody 770(Inbody Korea)s ©]83to] AA A7 AIH
(Bioelectrical Impedance Analysis)o.2 A5, AAHFX4(BMI), =23
(muscle mass), #1425 SAAT A AL £40 e/FE TAL +
AE AAGEHR FAE AHE At 55F 55 AT & PEs o
5 o o of |

=
T ZAYd ek Aol S¥ A T G AT fn FBe

QAN BAE A,

2) AY

(1) 3 (Grip Strength)

= = AFte® QEBEVMA o 3x9] ofHS A5t 74 234 54
ato] & Ad S st SA D= ke 2 0.1kge] G97HA] 574
st S Al FEAE TEAY Fell EolA BEF T AR

N
ki
S
p‘L
32
K
\\]
o,
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[
p‘L
9
i
flo
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(3) Z+<¥ (Leg Strength)
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Figure 6. Fitness measuring Equipment
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H e HuEAe AU 2R -, SHAA A d] AL
= =2

AAE Abe=w 7]

HE AN GEe b dEe] XAR £& wgeta, AAe 71$7)E
Z 8709 whek(0°, —45°, 45° —90° 90°, —135° 135° 180°)°o % ZTHIH =}

BUAAL RAH §49), IhRe el WA A, AR
o F9A Brkow AAE Fa.

Figure 6> Zt% -135°¢] AAPEH o™, Figure 7 FAbol & A3E AA|

Figure 7. Centaur test Figure 8. Centaur test result
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4, T2 1A

1) ZojtAs} ==

F7F Swiss Ball, Sling, CentaurE o] &3fo] o] otA A 3}

= 12

o] FAEE dotr i, 259 475319 Detraining 7|17 A &3t 3o
g

=

0

A3} Detraining 7|17+ W3S LolrH 7] 93k oo},

A7+ BG(Swiss Ball Exercise Group), SG(Sling Exercise Group),
CG(Centaur Exercise Group)l @ TAlslo], 5 33]9 HIE=R 1594 65
= 3AE, TFdA 12F= 4MER dAsRon, B 5& AlFstr] e ¢

N ZWeET A eEon 108 B9 ~EHHS AAFA.
2

Exercise Group)® =X 2138 Mc Graw Hill(2012)9] aAetA 35 &
Zbol=E Haste] 4, BHeste 22 a8 FANY. 5 T2IaHS

<Table 4>9} 7},

Table 4. Swiss Ball Exercise Program(BG)

Frequency Duration Time program time/sec RPE
warm up  10min stretching /set/rest
Bridge above the ball
1week Elank hon theh babll . 15number
. runch on the ba
40min Push-up on ball 10sec 13~15
34 Gweek Side plank above ball Iset
times a . . .
Russian spin from above the ball 1min
week
Bridge above the ball
7week Plank on the ball 15f(l)1mber
sec
_ 50min Crunch on the ball 13~16
Push-up on ball 4set
12week Side plank above ball 1min
Russian spin from above the ball
cool 10min stretching
down
- 29 —

Collection @ chosun



Main Exercise .1 Main Exercise .2

Main Exercise .3 Main Exercise .4

Main Exercise .5 Main Exercise .6

Figure 9. Swiss Ball Exercise Group
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B o] o] SG(Sling Exercise Group) el &% =

Y
o £YeFARt WYLEDAY AFYN 2PYE % o] AL o
Fol HgH £YLTTRINUS Fuskgor], B dATdAE tige] LEHS
= A geste] ZEaMe £4 U ueslel TAIGY. fETEaRe
<Table 5>} 7t}
Table 5. Sling Exercise Program(SG)
Frequency Duration Time program time/sec
RPE
warm up 10min stretching /set/rest
Bridge over sling
Plank on the sling
1 k . . 15 b
wee ~ Side plank above the sling HHmber
~ 40min Push he sli 10sec 13~15
Bweek us. up on t. e sling 3set
, Pulling the sling out 1min
3 times a Pulling the butt from the sling
week
Bridge over sling
7week Plank on the sling 15number
~ ~ Side plank above the sling 10sec
50min . 13~16
12week Push-up on the sling 4set
Pulling the sling out LImin
Pulling the butt from the sling
cool . .
10min stretching
down
- 31 -
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Main Exercise .3 Main Exercise .4

s

Main Exercise .5 Main Exercise .6

Figure 10. Sling Exercise Group
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HooAqte] H8% CG(Centaur Exercise Group)el X8%H FxXza3le A
3] AG-Eo0] wH|3 HAHo =g Q%:m;;} A=
e B ATE A7 4¥e Bl ¥ a7HE £EWe
Agate] T2aWE FASAT SEZE WL <Table 6>3 2t
Table 6. Centaur Exercise Program(CG)
Frequency  Duration Time program
sec/set RPE
warm up  10min stretching
angle momentum(Nm)
0° 60 degree
-45° 60 degree
45° 60 degree
lweek ~ ) -90° 60 degree 10sec
bweck T gge 60 degree aset 0
-135° 60 degree
3 times a 135° 60 degree
week 180° 60 degree
0° 60 degree
-45° 60 degree
45° 60 degree
71238;1: 50min —0 00 degree 10sec 13~16
90° 60 degree dset
-135° 60 degree
135° 60 degree
180° 60 degree
cool down 10min stretching

Collection @ chosun
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Main Exercise. 1 Main Exercise. 2

Main Exercise. 7 Main Exercise. 8

Figure 11. Centaur Exercise Group
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5. Detraining ] X4y

Fob SAlell 259} 452

Detraining 7]

il 1579 35 #AA

07] 915

Detraining®] =A|

Ptk A AW <Table 7>% .

& As

o] o] Ego]

M

Table 7. Detraining method

Z2319 WE

Detraining

1
R

Detraining 717t 2559} 4559

AA]

1
R

Detraining 7|7t YEfH

]

F

Detraining 7]%

3134

ruge]

N

e

AT,

3

<M

A&

1o
o
o

+od

J|

6. A2 EA

2a9s °l&

hva

1 SPSS 23.0

b1 918

S

’l_

X
&

A

B

A
n iy

(M) 3}
it

3

3

3

3)

'?4

3}7]

W Aol &

<)

o]

el

!

14

A

s

AASL mE

o
=

(Repeated measures ANOVA)

S|
ax

il
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dT2%

125%F Swiss Ball, Sling, Centaurs
= sk &, FojAAAg Y A FHEE 7
stglth. w3 Edoldoe] EEH A HA 259 459 Detraining 7] 7+

il I
Folekg g A, AE BHE FRe Aols BAsle] thes

. _]}1., o
flo o ol

1l X233 e AATA A3

<Table 8>l oJstdl AIAF-de] Wsto] A AF & % 65.66£6.09%

]_
% H 65.719,830 %

Uelgron &% ¥ 653746.198 UERYT SGE &
Ut on, &% $ 654749972 dEEt CGe 5 H 70.47+10.47%
Uelgton &% 3 70.01+10.792 YEbgth A A BT A EAHoR
frefmshAl agk A37F et (p<.01).

BMIE BG7}F €% A 22.38+2.84% YElgon, &% 3 21.65+2.72% E
Wk SGE % A

th CGE =% A 24.09£2312 YeElgtow, &5 F 22.91+2.0302 el
oAl e BFA BAIA R feometAl g AT vERGTH(p<.01,
p<.001, p<.001).

TATHE BG/F 5 A 32.3016.302 YERGon, &% 5 34.3916.89
2 Yehgth SGE &% A 203244528 JEwon, £% ¥ 31.31+4.75%
et CGE %5 2 29.15+5.992 YElgon, &% & 31.53+6.000.2
ettt Al Ju BRoA EAHoR GonaA Zvet Axrt JEhdct
(p<.001).

AEe] BAHEE BGZE &% A 6.4240.5308 UEGoH &% F 6.62+0.49
2 el SGE &% A 6.01+0.722 YEWoH, &% 3 61840530

@]
y
A 22.95+1.662 YEIGOoH, &% F 22.03+8.352 LEM
5
gk
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UeElgth CGE &% A 6.36£0.700.2 YelYon, &% 3 656+6.69%2
Elth Al JAd EEolAN EAF R FonEA FAHEY FUH7 UER T
(p<.001, p<.05), p<.001).
Table 8. Changes in Body Composition(M=SD)
Measurement time
Group Item t ?
pre post
VZTS t 65.6646.09 65.3726.19 3.137 012"
BMI? 22.38+2.84 21.65+2.72 4.278 .002™
(kg/m")
EG Skeletal
muscle mass 32.30+6.36 34.39146.89 -8.986 .001
(kg)
phase angle)?) 6.4240.53 6.6240.49 -5.071 0017
VZTS t 65.7549.83 65.4749.97 3.441 007"
BMIZ 22.95%+1.66 22.03+8.35 7.551 0017
(kg/m")
SG Skeletal
muscle mass 29.32+4.52 31.31+4.75 -8.178 001
(kg)
phase angle(?) 6.0110.72 6.1840.53 -2.429 .038"
VZTS t 704741047  70.01%£10.79 3.231 010"
BMIZ 24.09+2.31 22.914+2.03 5.643 0017
(kg/m’)
CG Skeletal
muscle mass 29.1545.99 31.53+6.00 -11.940 001
(kg)
phase angle(0) 6.3620.70 6.5629.69 -4.743 0017

BG: Swiss Ball exercise group(n=10)
SG: Sling exercise group(n=10)
CG: Centaur exercise group(n=10)

phase angle(®) : Whole Body phase angle
"p<.05, Tp<.01, " p<.001
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FTEXZ2 O

=2

<Table 9>¢l 23}A ot S BG7l & # 32.98+4.86°. % LElyorn £

% ¥ 36.99%5.300.% Ukl SGE $% A 3394198608 yrion,
$E B 3644499602 UEWT CGE &% # 36.37+8.24% Elton,
o= & 3990+10.47% Ebdth Al A9 REFoA EAHom SoludH

7k A7 YEbstH(p<.001, p<.001, p<.01).

Wl Ee BG7F &% A 90.75+16.34% YEGon &% 3 98.99+1541%
el SGE &% A 77.23432.29%2 YElgow, &5 I 83.83+31.160%2
el CGE % A 95.17+24.078 YEbgon, &% 3 101.00+£23.72%
el Al Ak BFolA SAA R FeonsiAl Frrek A vEEt

(p<.001).

7438 BGZE % A 4277+ 9.800% YElGon, &% ¥ 48.37+10.54%
Uelgtl SGE % A 34.75+£10.700. 2 UEgon, § 40.30410.23
o7 Yeigth CGE % A 41.38+10.28% yelgon, &% % 47.62+9.632
= Uetuth Al g BFelA FAA R fousiAl Sk AR vEst
(p<.001).

<

7
<
7

ZATHE BG7E &% A 37.80+11.95% UEFHoH $%5 F 42.60+9.99%
Uelgth SGE % A 46.20+11.500% JEgoen, £% ¥ 50.30+9.302
2 UEgth CCE &% A 47.70+8.318 UEgon, &% ¥ 51.10+£7.262
= Uetuth Al g BFelA FAA R fFousiAl Sk ARt vEst

(p<.001).

AL BGZF &% A 21.14£5.5602 YEeERYon, &% I 254845128
Vel SGE &% 2 24.28+5.260.2 UEIon, $%5 I 28.74+3.79=
vElsth CGE &% & 23.05+9.112 1}

A 19.13+10.61%2 UEloH, &% 3 2
ettt Al Y BFolM BAHoR FousA F13 Ayl yehwd
(p<.001).

HHAAL BG7F &% A 22.70+14.430%2 Yelgdon L%
Uelgth SGE % A 16.60+11.300.% UEoH, -3
el CGE &% A 13.70+8.000% UEwon, &

27.10+6.300.2
27.40+6.130.2
X 3 965017172

<
7
<
7
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el e BGE 541 TS Hioy SAIHoR foust A=
el @gkm, 9SGk CGE BAHeR frojvlstA F7he At el

S oH(p<.001).

Table 9. Changes in Physical Strength(M=SD)

Measure Measurement time
Group t D
Item pre post
. BG 32.9844.86 36.9945.30 -8.639 0017
T1p
Strength SG 33.9449.86 36.4449.96 -7.538 0017
(kg)
CG 36.3748.24 39.90+10.47 -4.117 .003
BG 90.75+16.34 98.99+15.41 -5.247 .001”
Back )
Strength SG 77.23432.29 83.83+31.16 -6.694 .001"
(kg)
¢ CG 95.17424.07 101.00+23.72 -6.870 .001
. BG 42.77+9.80 48.374+10.54 -6.526 0017
eg
Strength SG 34.75+10.70 40.30+10.23 -9.201 .001™
(kg)
¢ CG 41.38+10.28 47.6249.63 -10.090 .001
BG 37.80+11.95 42.60+9.99 -4.811  .001"
Muscle
endurance SG 46.204+11.50 50.3049.30 -4.904  .001""
(number) .
CG 47.7048.31 51.1047.26 -7.141 .001
BG 21.1445.66 25.48+5.12 -6.221 0017
Fle(i‘i‘)hty sG 24.28+5.26 28.7443.79 -5350 001"
CG 19.13+10.61 23.0549.11 -5.255 0017
BG 22.70+14.43 27.1046.30 -1.132 287
stlircfe sG 16.60+11.30 27.4046.13 -4738  .001™"
CG 13.7048.00 26.5047.17 ~7.451 0017

BG: Swiss Ball exercise group(n=10)
SG: Sling exercise group(n=10)

CG: Centaur exercise group(n=10)
"p<.05, “p<.01, " p<.001
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3. $FXT2a9 W& FojetAA L W3

<Table 10>9] ¢J&td 1257 SEz20# 2HE 5 FojorAs e Wale= 3
A 2 Fob A3t A]2®l(Centaur) & ©] 838t &5 AS HF A3 0°= BG/F

om

A 99.70+0.67= YEFOH, &% F 100.00£0.000 2 el SGE
A 98.80+2.49% UERFOH &% F 100.00+0.000 2 UEYT CGRE
A 100.00+£0.002 YEFFen, &% $100.004£0.0002 ettt A
oA EAA R Fojmgt Aot yEhbA] sk
—45°%= BG7F €% A 84.50+12.960 2 YEegon £
el SGE % A 91.80+7.05%2 UEgon, &%
A 97.1014.532.2 YEIG o, &
= 25 SUHE EYoy $AH R Foud Ades
BubAl eFkal, Ak SGoF CGe AR SR Fon|etA Sk ARt vk

of

T Ho o fo
of

¥ 35 92.70+9.25%
% 95.90+4,98% 1}
5 97.60+3.72% 1}

45°= BG7F &% A 85.10+11.69%2 YElRtow, & F 91.70+10.52=
w5 A 93.20£5.888 YEIROW, & F 96.00+£4,32% 1}
Elgth CGE &% 2 97.30+£2.412 Yeigton, &% $ 97.80+2.200.2 1}
eyttt Hd BGY CGE EAF =R foud Ayt YEwo v (p<.05,
p<.001), A& SGE +54-F I/E By BAHCR Fou|dt A=
LHERLEA] Sk
—90°%= BG7} % A 75.30%15.76 0% eSO % 79.10+14.92%
el SGE &% A 79.20+ 10.798 JElFoW, &% F 83.6019.34F
Uelstth CGE %5 2 95.50+4.792 YElon, &% F 97.00+£3.300.2
etk Al Jd BEFellA BAAcE Feoug Ayt et ((p<.05,
p<.001, p<.01)
90°= BG7} &5 A 70.70£11.052 YERO™, &5 F 76.60+£11.48% 1}
T A 81.00£9.87= UEIWtoH, &5 ¥ 83.2049.43% UtE}
& A 93.10%4.362.% YERoW, 5 ¥ 96.00£3.13% L}E}
BEdA FAIACR frovg Ayt YEFSTH(p<.001, p<.001,

Mo

Mo
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—-135°% BG7F &% A 58.30£9.68% YEIHoH, &% F 66.90+9.01= 1}
Bt SGE % A 75.20%10.86% YEhgon, &% 78.10£10.22%
eyt CGE &% A 81.70+£10.77%2 YEelgon, &% 85.80+9.80 0 2
Uelgth Al Jd BFolA FAXeR fojvs AdArE YERSTH(p<.05,
p<.01, p<.01).

135°= BGE7F 5% A 63.40+8.51%2 YEYOT, £% F 69.20£6.600.%
UEls . SG= &% A 70.40+6.522 UERRLOH, % 742045530 %
Uelgth CGE &% #d 82.60+6.71% YEon, &% F 86.60+5.30% o}
ettt Al JAYE BTl SAAe® fough AxRrE dEsEtH(p<.01,
p<.001, p<.01).

<

7

-
__[__6

Mo

Mo
offt

180°% BGZF €% A 60.00+£11.452 YElgon, % 3 65.80+10.14%
Uelgth SGE &% A 59.90+13.952 YElgon, % ¥ 64.90+12.352
el CGE €% A 7150411562 YEgoen £% 5 74.60+10.69%
eSS Al Je BEFelA SAFoR fong Adrt yERTHp<.01,

p<.001, p<.001).
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Table 10. Change in Stability of Core(M=SD)

Measurement time

Degree Group t p
pre post

BG 99.70+0.67 100.00+0.00 -1.409 196

0° SG 98.80+2.49 100.00+0.00 -1.527 161
CG 100.00£0.00 100.00+0.00 -1.406 193

BG 84.50+12.96 92.70+9.25 ~1.861 .096

—45° SG 91.80+7.05 95.90+4.98 -4.035 .003"
CG 97.10+4.53 97.60+3.72 -4.964 0017

BG 85.10£11.69  91.70+£10.52  -3.236 015’

45° SG 93.2045.88 96.00+4.32 -1.100 280
CG 97.30+2.41 97.80+2.20 -3.236 010’

BG 75.30+£15.76  79.10+14.92  -2.875 018’
—-90° SG 79.20+10.79 83.6049.34 -5.462 0017
CG 95.50+4.79 97.00+3.30 -4.321 002"
BG 70.70+11.05 76.60+11.48 -4.657 0017
90° SG 81.0049.87 83.2049.43 -4.714 0017
CG 93.10+4.36 96.00+3.13 -3.854 004"

BG 58.30+9.68 66.90+9.01 -2.641 027"

—135° SG 75.20+10.86 78.10410.22 -4.302 002"
CG 81.70+10.77 85.80+9.80 -3.640 005"

BG 63.40+8.51 69.2046.60 -3.649 005"
135° SG 70.4046.52 74.204553 -5.589 0017
CG 82.60+6.71 86.60+5.30 -3.837 004"

BG 60.00+11.45 65.80+10.14 -4.389 002"
180° SG 59.90+13.95 64.90+12.35 -6.455 0017
CG 71.50+11.56 74.60+10.69  -6.794 0017

BG: Swiss Ball exercise group(n=10)
SG: Sling exercise group(n=10)

CG: Centaur exercise group(n=10)

*p<.05, “p<.01, **p<.001
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4, 5273 & Detraining® ®H3}

1) Detraining 7]3tel] w& AA|FA3< ¥
12577 5+ 33]9] Swiss Ball, Sling, Centaur X213 F15 5 259 4
T FFA S 2 Detrainings 483t HEsk AAFAFe] HAy= <Table 11>

3}

Table 11. Changes in Body Composition during Detraining Period(M+SD)

Measurement time

Item Group F
post D2WE D4AWE
BG 65.3746.19 65.9346.21 65.9146.18 a .803
W&‘gt SG 65474997 65504961 65934958 b 11.778™
CG 70.01+10.79 70.17+11.01 70.42+10.98 C 1.154
BG 25.21+1.95 22.5242 91 22.084+2.86 a .189
BMIZ SG 22.84+1.70 22.83+1.50 2.77+1.54 b 1.037
(kg/m)
CG 23.854+2.31 23.8712.23 23.78+2.30 C .954
BG 28.24+4.72 28.844+4.76 28.4645.01 a 1.101
Skeletal
musg;e SG 26804597 27444607 27098634 b 31.116™
m:
(kg) CG 30.6646.13 31.0946.16 30.8946.25 C 515
BG 6.624+0.49 6.3564+0.36 6.15+0.37 a 1.257
phase
angle SG 6.1840.53 6.0140.66 5.86+0.61 b 49.569™
(®)
CG 6.56+0.74 6.37+0.79 6.263+0.79 C 1.115
BG: Swiss Ball exercise group(n=10) a = group
SG: Sling exercise group(n=10) b = time
CG: Centaur exercise group(n=10) C = group*time

“p<.05, “p<.01, *p<.001
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Table 110 9J3td AAFA F AFTS BGZF %5 %, 65.3716.192 Y E
Wi, 25 § 65.93+6.212 YEIRtow, 45 $65.91+6.18%2 EFRLTH
SGE &% F 65.47+9.97= YEa, 25 ¥ 65.59+9.61% YEon,
45 F% 65.9319.58% yElYT CGE % % 70.01+£10.792 YEbWaL,
2% 3 70.17+11.012 YEhwron, 4F F% 70.42+10.98% rEbWTH

T 5, 279 459 V)3 EoF J/wk tro| Apolrb yERA] gFke
H, A 2 AEAEEdE YEpA gk v Jd gF A7E Aol A
AR Foud Ayt el tH(p<.001).

Detraining

Change in Weight(kg)

S0

85

75

70 -

T v S LA
65|47
65 EEBE LD oo 55-03 e 5

65.91

L

a0

55

50

POST D2WE D4WE

Figure 12. Change in Weight result
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BMI= BG7F €% 3%, 25.21+1.958 YElyta

27 & 225242912 YE}
5

Gom 4F ¥ 22.08+2.86% UENGTH SGE &% 22.84+1.702.%2 }E}
WYil, 25 & 22.83+1.502 YEOMW, 4F IT% 22.77+1.54= e

23.85+2.312 YEor, 25 F 23.87+2.239 2 YERLAL,
%= 23.78+2.300.2 uE}STE Detraining +% %, 259 459 7|7+
e Zwk 7k Ajol7} UEpbAl kgka, Qe 2 A7 Aol ® vEA kg,
A 0 ASAEENE A gt

3o

Change in BMI(kg/m?

28

26
24

238 Flas . 23.78

22

20
18

16

==L

14

12

10

POST D2ZWE D4WE
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Figure 13. Change in BMI result
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AL BG/F &% & 28.24+4.72% VeI, 25 3 28.84+4.762 L}E}
o, 45 Fo= 28.46+5.012 YEFYT SG 5 F 26.80+5.97= UE}

WA, 25 3 27.4446.072 YERGo, 43 F 27.09+6.348 btk CG

[e]
o

= &% F 30.66+£6.132 YEKaL, 25 § 31.09+6.162 YERdow, 45 §
30.89£6.25% YEFSTE Detraining &5 %, 279 459 7|3k &<k e 3¢
iol7b vERA] ekgka, Ao 3 AsFgans velugx erkth a8y
o 2F A7PEoA Aol 7t YERETH(p<.001). FAES 2719 FATHOR 3

sk w0l et

Change in Skeletal muscle mass(kg)
40
38
36
34
:; e e daca— YL =BG
28:84 2846 -
= ﬁ'“ — —53 —t— G
26 TER i7.44 103
24
22
20
POST D2WE D4WE

Figure 14. Change in Skeletal muscle mass result
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47 BG7F % § 6.62+£0.49% JERRI, 25 F 6.35+0.360% U}
Bhom, 45 ¥ 6.15+£0.372 UERTE SGE % ¥ 6.18+0.530%
by T 6.01£0.66°2% UEtwtow, 45 § 5.86+0.61% UERETL
CGE €% ¥ 6.56+0.742 eI, 25 F 6.37+£0.792 yelxton], 45

6.26£0.79% YEFGTh Detraining &% ¥, 259 459 7|7t S A
Apol7h vebubH] ekoka, HAet 3k AEAgadE dehux ek ey
Hek 2 A7l A Aol 7k YERg tH(p<.001).

Phase angle(®)

10
95

B.5

75

*BG

I T o
. 6.62 16.35 6.15 L e
2.3 .56 -
6 : b. e T3

£s 6.18 501 586

45

POST D2WE D4WE

Figure 15. Change in Phase angle result
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2) Detraining 7]3tol] w}t& A|He A3t

277 5 33]9 Swiss Ball, Sling, Centaur

AO = Detrainings A&3te] AFe A€ Aide=

B
N =
o
N

e i

=<
=

Table 12. Changes of Physical Strength according to Detraining Period(M+SD)

Detraining Measurement time

Item Group F
post D2WE D4WE
Grin BG  36.994530  33.884570  33.494575  a .395
Strength SG 36.4449.96  34.86+1067  34.60+1058 b  34.738"
(ke) CG  39.90+1047  37.194966  37.074964 cC 1.148
Back BG  98.99+1541  92.57+1142  92.19+11.38  a 1.459
Strength SG  83.83431.16  79.60+2969  79.324295 b  31.386""
(ke) CG  101.042372 959042362  95.644235  C 1.148
Leg BG  42.604999  38.40+1049  37.104921  a 3.244
Strength SG  50.30+9.30 45.00+8.37  44.00#¢8.11 b  65.329™
(ke) CG  51.1047.26  47.004577  46.864617  cC 824
Muscle BG 25484512  22.684562 22224514  a 1.442
endurance  SG  28.74+3.79 25.08+3.45 24944357 b  39.909™
(umber) oG 23054911 21.034850  20.884836  c 1.060
BG  27.104630  23.1047.14 22404685 a .060
Fle(iﬁi)ﬁty SG  27.4046.13  22.604566  21.004625 b  43.2068™
CG 26504717  21.904654  21.304680 cC 354
BG  48.37+1054 44.4849.99  44.23+1005 a 1.824
B(aslzrclje SG  40.30+1023 36.69+11.79  36.34+1153 b  49.488™"
CG  47.624969  43.9149.87  43.774987 cC .029
BG: Swiss Ball exercise group(n=10) a = group
SG: Sling exercise group(n=10) b = time

CG: Centaur exercise group(n=10)
"p<.05, “p<.01, “*p<.001

Collection @ chosun

C = group*time
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T ’

% 36.9945.3002 YEREI, 25 5 33.88+5.70% UERFOH,
¥ 33.49%5.75%2 YEIRTE SGE % F 36.44%9.96°0.% YEIGEIL,
34.86+10.67% UEROM, 4F % 34.60+10.58% et CGE
39.90+£10.472 YEFA, 25F3%F 37.19+9.66% YEgon, 45 %
37.07£9.64% e Detraining &% 5, 259 459 7]3F & Hek 1t
kol 7b GERFA] ekokar, Hek (b Ao AgadsE yEeEhR skl 28y
F A7 A Aol 7} vrERETH(p<.001).

&% °]F Detraining &5 F, 259 459 xolE Ild A}
&

= =

Grip Strength(kg)

60

55
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a5

: T in —t—BG
36. 71 37.07

=50
33 346

33.p9
30 + T —tr— G
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Figure 16. Change in Grip Strength result
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w2 H 2 &5 °o]F Detraining & ¥, 259 459 2pol& &g 23}, BG

7} % % 98.99+15.41% YEWEI, 25 F 92.57+£11.428 Ehgon 4
&% F 83.83+31.160.% JEL, 25

79.60429.69% UEl}O™, 45 3 79.32+429.528 UEWT CGE £

101.0£23.72% YEwi, 25 F 95

95.64+23.56 %2 LEFSUE Detraining &% 3, 259 459 713k B 4

zhol7b YRR ekokar, Hek b deAgad= e gkgkth e

% 92.194+11.38% YEWTE SGE

95.90+23.62%2 UEWow, 4F

w2 A7 A 2ol 7 WER TH(p<.001).

Back Strength(kg)
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83183 n 82.1%
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Figure 17. Change in Back Strength result
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7t2e e % olF Detraining &% ¥, 259 459 Aolg AU A
BG7} $% ¥ 42.6019.99% e, 25 ¥ 3840110492 YEFFS
4 F 37.10+9.212 UG, SGE % F 50.3019.300% e
25 ¥ 450048372 YEbaL, 45 F 440048112 YElHTh CGE 2%
51.10+£7.26 0% UeWal, 25 3 47.00+£5.77% YEgon, 45
46.86+£6.17% YE}T}E Detraining w5 5, 279 459 7|7t w¢F He
zpol 7k veRA] ekokar, Hw 7k AuFgads  dehdx] etk gy
o ZF A7 A ZFol 7F YR TH(p<.001).

Leg Strength(kg)
70
B5
60
55
=0 ——5G
o ==5G
40 o d .C
35
30
25
20
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Figure 18. Change in Leg Strength result
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ZAFHE &% o]F Detraining? &% 9} 457ke] Afolg el
A7, BG7} % ¥ 25.4845.122 YEbGEI, 2F $22.68+5.62F UEGO
w45 B 222245142 UERTH SGE 9% & 28.74+3.79% rERWa,
25 F 25.08+3.45% YUEoH, 43 F 249443572 YEWT. CGE
& F 23.056£9.112 YERI, 25 F 21.03+8.502 YElWoH, 45 £

+8.36%2 UEFRTE. Detraining &% $, 25 459 7|zF Bk FJo
7F }o] 7} e ek, Aw 7 A P%EJ‘#E e A skt ey
Ak 1+ A7 A zbe]7F YEFETH(p<.00

#
[N}

Muscle endurance(number)
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Figure 19. Change in Muscle Endurance result

_52_

Collection @ chosun



& ©]F Detraining && F, 259 459 zolE QT A

R4

o
BG7} €% F 27.1046.300% UElsa, 25 F 23.10+7.14% Yebgon,
°

o Flo

4F T 22.40+6.852 UEMST SGE &% $ 27.40%6.1322 UEN I,
25 ¥ 22.60+5.66= UElYom, 43 F 21.00+6.25% YEIYT. CGEE
5 F 265047172 YEMEI, 2F F 21.90+£6.54% UEGon, 4F F
21.30£6.800.2 UElRLT) Detraining &% §, 259 459 7|3t & A
b zbel7b yERA] kal, FAd 3 AdeAgadsE yehuA kst ey
ek 7F A7 A Aol 7 YER TH(p<.001).

Flexibility(cm)
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Figure 20. Change in Flexibility result
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BHAH L &% o]F Detraining &5 F, 259 4F9 Hol= FolF Ay}
BG7F &% ¥ 48.37+10.54% UERRE, 2F F 44.48+9.99% UEhgow
AF F 44.23+10.052 YERTE SGE &% F 40.30+£10.2302 e,
25 & 36.69%11.798 uYEtsoH, 45 36.34+11.530 % 1 }EbsHTh

=& 47.62+£9.69= YERRLAL, 2 43.914£9.872 UEIGS
T 43.774£9.872 YEbWt} Detraining &% F, 259 459 713 %OL
Ak 2F Aol 7k vebbA] okl ek 7 g ans JERA gkt 1
v Ak 1k A 71E A Zpo] 7k YEREH(p<.001).
s T T A3 A WA E BE ool F4 A7 A

Z
[e)
) = 2~ = O S 2=
1 foldt s geld 4 AT

’

__’__.6
__’__.6

Balance(sec)
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4423 e A
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Figure 21. Change in Balance result
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3) Detraining 7|7t W& HojQtA A o] W3

-

1273 5 F 2579 45719] Detraining S

Table 13. Changes in Core Stability during the training

483 s

<Table 13>3} 7t}

period(M+SD)

Detraining Measurement time

Degree Group F
post D2WE D4WE
BG 100.00£0.00 99.26+0.85 98.7740.2 a 6.921°
0° SG 100.0040.00  99.83+0.36  99.11+1.17 b 13.543™
CG 100.004£0.00  100.00+0.00 99.98+0.06 ¢ 3.915"
BG 92.6540.33  90.86+0.82  90.53+0.65 a 1.568
—45° SG 95.8645.07  93.224523  92.93+515 b 24.787""
CG 97.574380  96.15+4.24  96.07+4.17 ¢ .885
BG 91.72+10.38 88.91+10.78 88.34+10.44 a 2.920
45° SG 95.9344.39  93.80+4.35 93.37+4.19 b 25.579"
CG 97.8942.33  96.3143.15 95.96+2.93 ¢ 665
BG 78.92+14.95 75.32+14.91 74.98+1490 a 9.102"
-90° SG 83.5249.13  81.7749.11  81.4049.19 b 31.681""
CG 97.064324  94.96+4.44  94.63+4.11 C 1.414
BG 76.47+11.61 744641229 74.27+1217 a 11.924™
90° SG 83.194952  80.44+10.45 80.02+10.32 b 34.522""
CG 95.9242.89  93.66+£350  93.374366 cC .364
BG 66.9248.93  61.754950  63.49+960 a 8.746™
~135° SG 78.02+10.20  74.83+12.18  74.47+12.09 b 44,979
CG 85.6540.71  83.19+10.32 82.78+10.04 cC .238
BG 69.154655  65.39+7.43  65.20+7.47 a 23.727""
135° SG 74.264556  70.654565  70.294550 b 48.999™"
CG 86.5345.43  83.48+544  83.274546 196
BG 65.79+10.06 62.34+10.80 62.03+1055 a 2.125
180° SG 64.88+12.41 62.41+13.69 62.04+1380 b 33.826"
CG 7451£1056 71.77+11.67 71.45+11.73 ¢ 293
BG: Swiss Ball exercise group(n=10) a = group
SG: Sling exercise group(n=10) b = time

CG: Centaur exercise group(n=10)
“p<.05, “p<.01, “*p<.001
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Figure 22. Change in 0° result
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Figure 23. Change in —45° result
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Figure 25. Change in —90° result
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Figure 26. Change in 90° result
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Figure 27. Change in —135° result
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Figure 28. Change in 135° result
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Figure 29. Change in 180° result
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