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Changes in Visual Response Speed, Functional Movement, Body Balance,
and Lung Capacity after a 10-Week Body Stability Exercise Program for
High School Male Handball Players
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Abstract

This study aims to see, a 10~weeks program of Body Stability Exercise(BSE) was conducted on 21 male
handball players at Muan Y High School and then, the results of changes in Visual Response Speed Test,
Functional Movement Screen, Y-Balance Test, and Vital Capacity were observed, compared and analyzed
to provide follow—up management and training data that can be used to reduce injuries and improve
performance. After training, strength and quickness were increased significantly and reaction time was
significantly shortened (£0.001). The total score of Functional Movement Screen was increased from
10.43%1.16, before training to 12.05+1.07 after training, which was statistically significant(¢X0.001).
Y-Balance Test was significantly increased from 89.1816.99 before training to 91.39t7.33 after
training(1X0.001). The Vital Capacity increase was also shown to be more than statistically
significant(X0.001). The 10-week BSE program improved speed, agility, Functional Movement Screen,
Y-Balance Test, and Vital Capacity. In conclusion, it's can prevent or reduce injuries and performance
could be improved while playing handball.

W keyword : | Body Stability Exercise | Functional Movement Screen | Y-Balance Test | Visual Response Speed
Test | Vital Capacity |
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A2 Aapgo] 3716 S2E s AsiAe 471
FHlohs 71 B 7] F 4 L2 =0 ge AlA

A5tSH(Core Stabilization Exercises, CSE)} &
st A4 eFYskE#(Body Stability Exercise, BSE)°]
4335, o] 5% Ef B oY 2550l F
A= ZoltH1]. BSE & CSE° 98] FojdE{core
muscle)& Z3lsto] AYRAIE FAsH= QIzto] 59
9] Gl st w59 8= AARITE HF
A& A= glo] 7154l &5 9L &

%, w29l B 59| 28

iy

A

= Ee S
< ZojZHolFaL e Folld BE 544 ol
st Xom AAIE FAHY Al SHE A8,
<, 24 725 A& A A8l Bolld 2e
5 e PSR she Fa% TR BES

TS ke Pohe 2edre 550l Hl
ddol =il &0 FHi7E HPEo] A wgrs
FABkE AFo 7lso] MPEH, F2 L Asprt
FAHE o 250 s, o' AeHA = L5
A3 wde] 7FEH 7 €050l I5el FIHA
A, 259 H FEo] Az ojFold & A "ot
(3-5]. webA, B8 v Zeoll 23 Zoldse
SRHAZA HE A3 et fAIEL, B 72
o] AT 2ol 40l ol F=w FH

ot 552 SHol SEHA gEor, ¢ % o
LR Al o] dAgS 9 589 28 ¥
@ FAYS dokd o JUoH2]. Zoldsg Aeshe
T2 IS ARG, uf 7919 25 59 I3t
of ofsi AlAl Pgst w4 w9, WHG 52 59l
FEE Zeld718l. A=ES 47 5 2], H=E,
&2 st Jx7] 9 37 S AW A 21 8
ofst7], H435]7] 5ol A& WEEE vle AEs A,
3t Aol "ashH, g Aot Al RS0k
She 25 FEoTHI). CSEe BE =L AS-EdA

o:

& Fatt FEolER, F7] F AL vESA 52 2
F2 FHoAY, 52 F w2 A 3L, A
7] & gl Aot £ A9 A At F
HzE7], Ao AE ms] s B2 3 WeE
LEsH 5] S8l At AAA EHhE S7 st
a3k, ol SelE AT AHes e S5
[10]. & 4718 Fd= slire= "ol A5 ARdst=
o] 4B CSEE &3f AAI9 ofd #919] 752
Fdsfor skeAl, sl ft 717 Aske Ao
F83I. 53|, 55 dFe FAISHEAM, SH it
=48 S FABRL 2T AU diHlshke
AAA T FAHolEY FFe A AlIA, 4
E HE M= S20l=% she T4 2ol dast

J

tH11l. BSES 631 e HAIZIEE Holss
S Ao Z3}st= CSEZF WasH oS E3) obgzo
2 AAE AL 28 4 e 58 Ptk
aAoltH12]. AgdAFo] st A=E A4E°

E3} CSE 189 An =o]7} thz

A PstEdS
THT 0.8%, 4 w30l 13.4%7F Fo5H S715k3
3L, CSEE B3l 53+, WA, AvE, Hxet e
& T 8as0] FHEUNCH, 94 717+9] BSES
Sl e A Ae FesHA FAE o e A
I, AA PSS % CSEY] BE AR AR
AR A AT 2F G S0 dis) Az o
235 BIFPCHI0l. HEENA 78S A
4 7 e A, 295, UEY 5 &% 7led
BSES] 5784 Eite o41s] Yot At 2= ot
[12-16].

& dFoMe 15T g A=EAF 21982
A

M e

Aoz 1057 BSE Z2Ie S35 A7 vk

71548 A, AA 43, H8F A3 THE AAlst
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=4 é/\]o}oﬂq @?W‘J‘?‘]‘J *]73’% 24
st7] {8l A5 A=%471(DS-103, Dong Sahn
Jenix, Korea)& o831, AEd AAFES] 54
= A A7) dods AHE|(InBody H20, InBody,
Korea)E ol8st3lom, Z43 Aoty gty
E4L [® 117 2t

E 1. Genernal characteristics of partcipants (N=21)

Characteristics Value
Sex Male
Age (yrs) 18.5740.67
Height (cm) 175.48t6.24
Weight (kg) 67.3445.37
1BMI (kg/m2) 19.57+4.14
Body fat (%) 29.5145.21
Leg length (cm) 88.90+4.42
1BMI:Body Mass Index
2. 5% = U X2 M
E 7L BSE ZE o] HEEASLO] 7|5 &

A1}t #go] vAs FFE AnE7] 8 ZE 0
AoA Z209 A8 A AZSEES7(Visual
Response Speed Test, VRST), 7|54 <29 H7}
(Functional Movement Screen, FMS), AAZd%

l_1’;17]-(\{-Balalnce Test, YBT), Bl&3Kvital capacity,
VO 374 5= /g 371 AASkAL, 10572 BSE
DE2IAS A, ZR RS H8%t £ & 37t
£ AAlsISth B3 AAF A B} iagRelA A
Toll ek SESH £ A AT AY 59 oRE T
QIsksict.

2.1 BSE it
McGill and Karpowicz[17]7} 2193t BSES %8
sto] 1071 BFo=2E= A WHA, 9 Iks 71

(Curi-up). & 974, v 19 zxz Brie] 57
(Dead Bug). Al W4, vl +9 2E E7|(Supine
bridge). Yl 4], dog &9 E% E7|(Sidelying

Bridge). THAl ¥4, =9 -Lr? E5 E7|(Prone
Bridge). @A 4, 42 &5 5% &5(Abdominal

Bracing). ¥+ WA, yd 7171 Aol A wAE 2 o}
2] £7](Quadruped). A% WA, dd 7]7] ZpAolA
IAZ B0 29 goggE ALY 1E8]7(Modified
Quadruped). o1 #4, dE8 +9 nA= iy
E7](Swimming). @ ¥4, =8 ¥ T2 & "t
2] £7](Modified Swimming)2 A5ttt 3 52
g 1224 FASHEE ot 3 52 10314 §HE
st & 2-3ME TS AAISHAL, 18] HAl & 5%
7}«1 4 *17}2 o] A5}, BSEQ] Holk= A

45 F 25 AAHE EMYoH sto] doleg
Aot *a‘%JS 20204 & 1057k, 3 33, 30%
AL, BSE 203 A8 A 58719 £Hl5
AZEE T3 EES AASHICHIS)

iy

VRST &4 W2 Edo|2 ZZ(BlazePod, Play
coyotta Ltd., Thailand)E Arg3te] &3t o]
AL &7 ATE, WAL 417 59 B4t 58S 54
T 5= e uloloh. AEIE Wb A 9 UE e
44F= £7F ¥} 25(Flash Reflex Exercise,
FRX)S 7|¥to & gEol# 3, VRST ML WL &5
A419] 7185 AEsHA I 5= Qitk £ AollA
+ BSE Z2 3 A& A3} Fof &7 AHE 0|85
o] VRSTE AAISHTE vEA7] AAolA VRST &
H] Edlo] Sojo ¥ 9% T} Q2% TZ wrfstHA]
HAok= W40 152 B9t HAEE 3150t 15% &
St BAIste Zo& AR A7 Rt AlZF Wl o

3 UhS S50} A7) gt BhS A2 BT 4 9
o} the] 24E A Aeeld Y= Z4stA, B =
3o dud 4ehE 94T Aol SHsigon, 5
A AT 5 A=F X7 EAE ES 0)§3}

o}, 33] ZAsto] Fatghe FoHATHIS)
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2.3 FMS &t

Cook 51919 AT 7HFo& FMSE AAISHIC
o, AAE 98 A& 7|E(Functional Movement
Screen Test Kit, Functional Movement Systems
Inc, USA)7F ARE-EIATt FMS 54 52 72474 21
& H7](Deep Squat, DS), 3& A 7|(Hurdle Step,
HP), 24 WolA9] #A](In-Line Lunge, IL), 17} ©]
5*(Shoulder Mobility reaching, SM), 5524 ¥
o] 28] 7](Active Straight Leg Raise, ASLR). 5%
g4 =FEHI|(Trunk  Stability Push-Up,
TSPU), 3]AFAA(Rotary Stability, RS7ZHA] & 77}
A FEOZ Rt & Aol m@AolA Bt
o] thsl Sl A, AFT L EES Bt
Sz BIAEE 712 Ao mEt AFRE HAISS
H, 2F Aol 7P AA U2 H-E 718560
FMS A= e 552 S3T3A), 8= A3
shh @shA] £H2A), & 8= ShA] ZRH1AD,
5350 AH0DLeR F 2178 v 0-339 &4
Az 2 A=A FMS-kits ARSStol EA390
1:::] FMS zx%g] X4:5‘J—E—‘E—'-— éo] ] _Cqua]-oq .T'_E‘Q_ al
e 298 A 18Z ollor, A &A% 3%
9] WrkAF F 292 AT TESHHA &7, Brsta
FMSE X4313ict. 279 A= gRE g5t 19
2 B3t 7153} FAl0) 7HEkE ol-&sto] =3telal
=3HE W8-S ohAl AlgsteA AEE 2

¢

_ll)l'
o)

0.

—
1,34 %
H

Y3 ATH18].

Ol

YBT&= AA2AT L= FIsE Al AARE
4 Sl= otk £ AtollA= H@A A S8
Al o] §A7t =7 gAY, Wo] Dojx|7] EE &
A d YNNG AT T I T BE 4743
3] AAJstA ‘jr S Aol A Bl AAlstelem

A B2 A A A9 AZF AR Eote A

= A% lﬂ o] ol gAY, Uk I &
= Afole =R 5ot YBTOK e 4%
(anterior), HM&(posteriomedial), =7z
(posteriolateral)®] £X& 2% ©3t k2 3R}
thg] Zo|(limb length)E 3Hi4 B3t & U1,

100& Hot] B34 (composite score)Z A5}
Art. B ve] doj= AN Y7 (anterior
superior iliac spine, ASIS)OA & BAR#H(medial
malleolus)7FA| 9] AZ]Z 31t} Composite Score=
(Anterior + Posteriomedial + Posteriolateral)
x100/(3 Limb Length) 41 ©o]&3] YBTS &7%3}
FcH18l.

25 VC &4 4
H&F =457 Ysl Spirometer(Vitalograph
Inc, United Kingdom)E ©]-83tod, VRST, EMS,
YBTE & BSE 574 & A =% ¥ d=& &9
L& (Forced vital capacity, FVC& &7t
I 2Rl mE S5t HAER Sl A
HO= 80% oo® 3tAth AlZtHEEH(Forced
expiratory volume in time, FEVy) & £%-AI7F =+
’\401]/\1 Ao w2 Fof 7Hseh g wlEA X
=% YARRE I JA7A 1223 g% A 84
= ‘7‘0}% 127 A (FEV 10 Sttt &
A= m=E St HAER St 4 |
= 70% oldeE sHTH20].

2.6 Xtz X2
£ AFolA dojRl Am= BAZZTH(SPSS 21.0
for Window, SPSS Inc., Chicago, IL, USA)S 53
71E8AE o8t Hid EFHAE AESIGlY,
AL NS A9 TH53SE BSEol| ot
HAlEY =4 A, & IS A4 A 24
1 S E2 t AA(paired t-tast)S A5
SAH foleEe @=0.052 HAAsIArt

1. VRST H3t &%

=B oA 283 1057 BSE & VRST &4
5 Y3t WP st 2o iR Ak [ 2o 2
q, ng,__ 152 B¢ Bk EHe ¥d A

578, & ¥ 20.33+4.553= {25t S7t

_l
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o,

A 7Y, WP Hal 641

£ PYap<.001), T ¥SAEE =d A
825.71£190.53 ms, TH ¥ 793.71£196.19 ms=
HSAIZe]  fYSHAl FoRRlE ARE Bt
(p<0.001). 9% t}2]9] 15% St A £ &
8 A 20.24+2.823], 4 F 21. 453

gt F7HE A (p<0.001), Y& 9] ¥RGAIRE: &
A 6701949734 ms, TH & .79

2 YRAo] fostA #oRAE ARE EY
(p<0.001). L% t}]9] 15;2 B B X5k &2
& A 21.28+2.41, T F 22.76+2.453]2 {°
2712 92(p<0.001), 2= E}FM HESAIZES
H A 646.71+£80.64 ms, TH ¥ 612.52+77.56
msE §FAIZto] fo5tA FHoAle diE EAo

i
e
()
Q@
o
o
=
H+ 0
o)
@»
~

ot r°"

1.62+049%, A &

sAe gd 4 1

1.43+0.514,

1.90+0. 30§(p=0 030), ASLR
&4 % 1.71+0.56%

(p=0.010)22 v,]o} =712 gt DS =2k T3 A
1.6240.59, &8 % 1.71+0.564(p=0.162), TSPU

=22 &8 A 1.33+0.48%
(p=0.186), RS

EzL0 57

O 11 T

d, €9 ¥ 148+0.514
H 1.48+0.51%

d, & 5

1.71+0.464 (p:O 056)0& GOl i}O]E L]-E]-LHX]

ARAL, £ ¥

RS 1__1___|

10.43£1.168

T 47t S7RIH & A
4, T $12.05£1.07842=2 vﬁL
712 FAHp<0.010)[E 3].

1_1_

il
=
)

E 3. Effects of 10-week body stability exercise program
on functional movement (unit: Score)

- Pre test Post test
0.001)[® 2]. =
(p< )[ ] actor MeanSD Mean+SD t P
- , Deep 1,6240.59 1713056 | -1451 | 0.162
E 2. Effects of 10-week body stability exercise program Squat R SR : :
on power and agility(unit: time, ms)
Fact Pre test Post test ¢ Hsutf:)e 1.6610.48 1.90£0.30 -2.500 | 0.021
actor MeanSD Mean+SD p
Touch for n In-Line | 434051 1616050 | -2.169 | 0.042"
15 seconds0.0%% 457 20.33:455  -0.080 0.000 Lunge
Upper
lextremit
Reaction Shoulder
Time 825.71£190.53 [793.71+£196.19 b.449 (0.000 Mobility 1.62+0.49 1.90+0.30 -2.335 0.030"
reaching
Touch for b )11080 1714245 L83150.00™ ,
Left 15 seconds| Active
Lower Straight | 1.43+0.51 1714056 | -2.828 | 0.010'
lextremit ; Leg Raise
ReT?r?::” 670.19407.34 638.04£93.79 5.789 [0.00""
Trunk
Stabilit 1.33+0.48 1.4840.51 -1.369 | 0.186
Touch fOr b)) 21941 2764245  [6.897 0.000° ey
. 15 seconds| u p
Right
Lower
lextremit : Rota
R‘?r?;t'em 646.71£80.64 612.52¢77.56 [7.748 0.000™ Stabiﬂy 148:051 1711046 | -2.024 | 0.056
"p € 0.001
Total 10.431.16 12.05¢1.07 | -8.059 | 0.000
Score
2. FMS Hgt =4 5 0001, (00T, o( 005

=B A9 1057t BSEE 53 249 5 7|54
LAY FFEE A=A dgt Ak [E 3] 2
th HS &2 38 A 1.66+0484, T8 %
1.90+0.308(p=0.021), IL 522 & A 1.43+0.51
A, 1.61£0.508(p=0.042), SM S22 38 A

3. YBT Hgt 5%

A= E M4=0] 1057F BSEZ} YBTO Q3RS 1|*
Ao Tt ATh= [ 419} 2t Y& EHsE=
A 90+6.96d, TH ¥ 92.03+7.2680=2

I

['-10|¢
o

foJsH
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271619 (p<0.001), 2% EFALL T8 A
89.18+6.99%, £ ¥ 91.39+7.338 22 Koot
=715 PHp<0.001)[FE 41.

H 4. Effects of 10~week body stability exercise program
on body balance(unit: Score)

Pre Post
test test
Fact t
actor Mean: Mian P
SD D
- 59.57 61.04
anterior(cm) 1316 +765 | 9413 0.000
posteriolateral | 90.52 92.09 | _
L (cm) 1863 | +gog | 0423 | 0000
posteriomedial | 89.61 91.95 | _
om) 626 691 6718 | 0.000
composite | gn.506 | 9203 | 12084 | 0.000™
score 17.26
- 59.52 61.09
anterior(cm) 719 w594 | 9021 0.000
. 91.76
P"Ste(g'r?:;"tera' 0B | 2105 | 5801 | 000"
Rt - 1
posteriomedial | 87.95 90.57 | _
(cm) 1653 | 618 | /%6 | 0000
composite 89.18 91.39 | _
score +6.99 +7.33 9.107 0.000
"'P( 0.001
4. VC H3t =8

B H40] 105:7F BSES B9 VCol JFS 1]
A=A o] Higt Auke= (& 5)9F 2t} FVCY] ¥dk= &
A A 15740244, T & 1.74+0.188 22 79
3t 2712 93(p<0.001), EvT % FEV, 09 Bigl= &
g A 18140344, T T 1.96+0.2182& 9
272 Ath(p<0.001)[3E 5].

rOll

E 5. Effects of 10-week body stability exercise program
on vital capacity (unit: mg)

Pre test Post test
E +
actor MeaDn_S MeanzSD t e
RVC 157024 | 1742018 | 5°° | 0000
2 -3.15
FEVio 1.81+0.34 1.96+0.21 0 0.000

"'P(0.001, 'FVC: Forced vital capacity, 2FEVio, Forced expiratory
volume in time 1.0

2 ¢j1 BSE T2 JHo| HTE K40 A
&5 71548 4, #3, HEFol VA= 9
HE7] 98] Re HEAEoA Z2a9 A
VRST, FMS, YBT, VC ZX< 718 B/l AAs9
1, 105:7}9] BSE =2 73S AlAslo], AL A3}t &
& & BSEY] 3 gRlsto], A=E A4-E9 4718
P AT == B 4 =d ARE ATsked &

o] it

=

7w

ook
o
r_}i 2 olo

1

I

1. VRST Hst =H
B AFoAE A=E XH4=9] 1057 BSEZF VRST
H3olo| JF u|X=A 1057 BSE & 15% 529
X3 3171 Rl S7Fetl, 15% 59t v
AIZFE F-9J5HA| ZoFETHp<0.001). VRSTE B3l &
A & 3 WA P oRE SHHAT 9 o
TE 9ol Eflo]=2 ZE(BlazePod)2ts SFETE,
71&0] Z7gs] olEld &3 AME, WA A 5
9] Bt 58S ST = Sl AVER 25T|HE
o] &5t rH21]. ARAFoNA ExA| Y FTh v
A$EL tjAto g VRST H3lof| J3FS B E 105
7t BSE AAJgH A3} HHr2 o0& BSE o|% & 15% &
Q] B3 4= RYotA F7I6tA L, 15% B¢t 4
YRSAIZEE F-oJ5tA =Tk B sirH 18]
F B¢ A} AEE A 209 e R &7t *}%
= A WA, STAE 2y oF SHHIgk A
Pt FHh CSEE Al&ggt o] FoJ5tA ST ettt
[10]. o= dAFolA A4EY H=, A¥s, PSS
PIAZleEl  CSEZE  mdpHoletal  HalsHlth
[12-16]. 0] & &4 &5 FP=1E 5 2545
TAE D23 2470 AT F 1370 AtolA 38
Al &559Y TS EArtal BustAR 7|7 &
g, dgdE 9 Aot 85| ASHA g2 A+E
7t IQITH16). & AFolA+= CSE 15 R
DT AP T EX)7], 20m A 2719 ot
H]S=gt A¥E Ho] CSE 250 2550y, 371
Pl TS FA getta BusitH15]. 28
YE AFEof| A= CSEZ} ]9 e FgFos &

l‘

F

il



ATl BsElan22-24], A ofsh EtAlse
14732 o 87719 CSE & A¥E 2 wlgAe]
PPAAGT WAAAHRS). v HFES TE &
A% B @A WS Azo] W He} A 2] o
of WHEA SEHAA, AE, ok, W, S, U
2, S M550 AANRGo] ATAT wek 4l AT
o 3 BEEE 2L AAYT, A2 SEREIY

£ 53] Alzte] wslel] whSr} ShEElwEA NEA
o] gAtE]Tl, o]& 9ls), &) o|=o|u} HlsF Mgl &
ol cfa) AAE B A7 Yol we wheats S
o] YAES HIASATR6]. BT, A7) B Hold 4
Az 7152 23 Y 943 Mgt g U
9% &
[27-29].

919} AAtElA Ezo] BSE F VRST &0l 9
3 7371 § TIstAl Hslehs ARl diAT 4 AL
destA Yshe 3ol siAstkaL, HEA Aol
e AS —’F 9 ‘210351“4 «HHog Fol=
AdEQL HRAL Ao FojAFo] A 4 AL
37 w2 A% “MOHE =9 #8& FASHL,
Hl27 oL =02 F ol HAFAIALS AT Al
o2A WL, S, B v, 2], oF 59 Al
Sl 87E= EE, VHA 193 g2 22
7I& AFol folsH FE Aer Aad.

jan

ez Fadk gelojzta Husirt

rO

2. FMS H3t &3
MSE 7154 39 $3 37192 daAlPle
¥4 AWIE LAIT IS F 4
3, oHE = 2] 9l
o olefe, 153 §910] 4318 Sl Ba 27
F2olck. FMSE B9 vlagd $aos wad 52
& 47, wgdle] 2x2] gad
Sedd 1 A} ek 2 2 0, e, 25
S 4R 2iak FMS Aol el die) ol
1=219] ojx]7} olgIrH12311. DS 52+ Jgo] o
A3t 52 0w, o, h&Y T, #A, Y
< - HS EFG—.Q_ H]-qu. 1?,3;;9] 7]_0_;51 %x] oly J,]. 01:51_,]
YT FAN il YRS AT, SM Bae
I ool B 715 ABI R B, v

£ YEA O—}OWUP(p 0. 186) FMS @AL 27}0}
%1, HS(p=0.021), ASLR(p=0.010) & & FMS 3
F7F Koot S7H8H 2719 Jn 59 B Al
dgol & grigulzEie 9RiAg Ht ofyet Q1
et A= 59 2gxAE A37l= 58% 540
2 25T YrH30][32]. °l= BSE &

3} 57 AFEQ HESt 54 S 5
FEWEO 29 ol LHsH Bofste 5
3} % Zolgtal & & Utk SM B2 & &
FMS 57F fo8H S7FsHAtH(p=0.030). ©]=gt
A= 10573E BSE €9 & f94 P Sl AE

H A1 EZ22(form roller) 5ol 23 FAAol
S0} F47t °<WQ°*E} 33].

TSPU 522 &3 & FMS H47F /95 Aolg v
ERAIA] QRkAIRE, S715HtH(p=0.186). °]=3t Ait=
A9 FAUY S FIAZIL, ol E TR
9 AFEUT 59 B8 52 IIoEA TigE 9

rsh
A

7}

l

% M
0o L
—% L oll'l
o o

el 52 715E0E ovet A7, ulE feld
o]zt molA| oA, B2 Al ARE B
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