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Effects of Aerobic Exercise with Unstable Supporting Surface
on Cardio-Pulmonary Function and Balance Ability
Hyo-Ryun Kwon, Mi-So Kim, Yu-Jung Nam, Hye-Min Park, Kyeong-Sun Lee, Hong-Deok Jo, Dong-Won Choi,
Heo-Song Yang, PT, PhD, Young-Dae Yoo, PT, PhD, Hyo-jeong Kang, PT, MS, Chan-Joo Jeong, PhD
Department of Physical Therapy, Cheongam College

Purpose : The purpose of this study was to investigate the effects of aerobic exercise with unstable supporting surface
on cardio-pulmonary function and balance ability. Methods : This study was performed on 20 subjects. The subjects were
divided into two groups; stable supporting surface group(Group I, n=10), unstable supporting surface group(Group II,
n=10). The groups performed the aerobic exercise, which is jump rope exercise, 2 times a week for 4 weeks. Results :
The results were as follows. There was statistically significant difference of cardiovascular endurance in Group I (p<0.05),
and there were statistically significant difference of cardiovascular endurancedynamic, OSI and dynamic APSI in Group II
(p<0.05). However, there were no statistically significant difference in pulmonary functions which were FVC and FEV1 in
Group land Group II. Conclusion : As a result of this study, aerobic exercise with unstable supporting surface have
a potential to induce positive responses in cardiovascular endurance and dynamic balance ability of healthy adults.
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ga So] 9rk ol wAls ZE gulEl oby A Alks  SA ARESH SHEE 259 oF ol HaL, AA A

2%

° =
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B Aol gaHEelA o XAl Boky Ao
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1, SRR Yok £ (N=20)
Group I Group II
(M+SD) (M£SD)
Lpo](year) 20.80+1.32 20.90+£1.60
A% (cm) 168.80+8.22 162.80+6.43
AE(Kg) 65.20+13.93 59.00£13.22

M+SD : B+ BEER}
Group | @ 9P XIX[HZ Group |l @ 9 XK=

sk 3 Ale &5 A, &% 4

(balance ability)E =

F 32 Sk

TELEIHS FHEE, EE “}—rﬂ +EoE g5}l
! 253 vjwe) eEoR A
il 5 2 df‘r | AL, 2 5o
SH7E o83 Ak 52 BRI E97IE ol8st
AR, AR, BERE, SRR, AR,
12 AElelon], 7t 85 T 48 5, 1 4, 6
ﬂ AAlslo] F QAR 30&0|%k Addo] Zlsiee] wet
Zojch Z47] 548 2081 Z71slo] AAISIE 2). o
/ll-;(]—ol]}ﬂ Z497] 9% A AW 2AEla, E ule vigolA
3~SemMrth =7 Heg 800 thaahS QPEeh AR
A EEe AAsiglen, AddE A= 180cm, 7k
100cm, 7 1.5cm&] ujE(Sissel gym mat pro, Sissel,
UK)E ol8sto] Byt XA AAsISir

4. 5% 57 U wy

2 Aol dals 3 sl d@rls &
(MlcroQuark, Cosmed, Ttaly)E o]83lo] =g w&=, 1
27 ey 570 Aol Re SAsIR, RS
Qohz] $Ja) 20m ASA AAE AT PR 24

3171 §Jste] woledlA w8 AlAH|(biodex balance system
SD, Biodex Inc., USA)S o|83}o] A1} 2 A 434
S AT A el FEAE 24een:

1) #H7]% AAHpulmonary function test, PFT)

75 }‘/\} ol didollA] Z-5ek AP A} AlS Kol
T 24 oSt a7] Yelel APH QS SheE aict
oA 2] BUES B QL RS BT oR A
oA AAJsHAL]. Zof| Fnpl(nose clips)S 2Hg5lal nRe-Ad]
mouth piece)E Yoz E1 AABIIHZIFT, 2010).

2] H&(forcel vital capacity, FVC)S 9] &=

¥ 2 225 =20

13X} 2%} KES] =Xt

ARte)e7) 240 260 280 300

ARte)A7) 240 260 280 300

Hu}olE7) 200 220 240 260

oF= ] 200 220 240 260
ARte)a7) 240 260 280 300

Ate)e7) 240 260 280 300
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o Waolls e 25
Hol| oJs)] 2Asl.om AJRP
oleh= AlEet oA < *o Al THOR 3~43] Ao TEE o
H, oAl Somkil & Zdiet sl wEA =S sk
AR 82 S2el7] Slste] oy 32 Fiste] 571
o7} H=5 sk & 335 S5k Halgks AEsioith
127F =4 #&=K1 second forced expiratory volurne,
FEV1)Z 2| k=2 I ARRE £ 12700 U4l 2584
olck 24 el ofEF ST 2 HOR & 12 52
kc 351 i Bate sk
Zjf Z}H"H 37]%(maximum voluntary ventilation,
MVV)ﬁ R 7}ﬂ 23 wEA 1227 A7) the oo 3
T 120% sislel ZEjRon AR Zolth ke
Arolekz Aol g Rolshs AlETl S uA o
12 ek o) wow 203 BEw e Hl9t 518
3 s, 33 2Asted 7P & U ZRe ARSItk

2) AlHA)7t8 AAHcardiovascular endurance test)

Alg A7EE 20m HEH AAKshuttle run test)o]-&5}o]
ANEIALEE o) AR HERS 2A4sle W o g Qubx o
2 ARMEY, ggrs r=0.920]1, AR AlZE= r=0.98
o|ti(Legery} Lambert, 1982). HAF A 7Hist AEHAS Al

Algt & 20mE REESk] HA SISk 4lesZ olgsto] 13
ol AREE 9% oz HA Slem, 1Ze] 0.524 Alos
< 29 R ow &5 s STl AiRle] 7KL Sl
AFo] agejo] AlTgo] 5ol FHA| XA HH Z4o] ek
SIlaL, ==t SleE 7S5k

Ir

@
=l

=2 (Balance ability)

738 522 Biodex balance system SDE ©o]8s}o] =43}
for, galge] Z0E Ao BN IS TRl ¥
PHIE A, U, 90m 84 4 ol A} R 2
Qb 213 Wkfoot plate) $lol S A Siick QRS
ol swApRle] 7] G F AEE SIS 2023k A A
AZ A5 sieich ol Ak ThAe] el Aol
FARBIH Holde oifeles 3lGich A0l AARHAAS &4
571 i o] s} Qi Aol Ajsigion, 54 <
e Aol QX gk ik SlolN Ssigich o] 8
ol A Level 1-1271] o, S} o s
RIS o, i B SR dl e

2S oufgltt Oh KY E(2011)94 AolA 20~40412] Ak
AolofA Level 6, 8, 109] 7t A= 353 Hr} Level 2,
4, 1) Level 1204 #8257} the: wsiekn sigick uje

N
>
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A & dre d8ARTE ot o =XPER ARkE ARt
HA Holde #asll] fisto] Level 122 A4sleint. 54
W AR 22 AR R4 (Overall - Stability Index,
OSI), 33 Z43(Anterioposterior Stability Index, APSI),

Uo]& #3Rx]4(Mediolateral Stability Index, MLST)o|ck

5.

HIH
oHd

r

g

WE A} SPSS ver. 22.0 7 TR IS o)@sle] &
Asloint. tdAke] URbd 5443 o] ffste] e} HiE
&8 AT, Amo] AFAS golr] 9J8te] Shapiro-Wilk
test AREDIGCH + b AREA o2 independent
t-test2 ARSI o W XEEA ‘ﬂ"ﬂﬁ paired t-testE
ARSI F9] 2 0=0.052 s

II.

r

3734

1. 2 W 25 &= s Hu

FVC =% Zil Group [-& &% # 3.81+0.71¢, &%
3.61+0.750, GroupllE= %54 3.33+0.744, 30
331205502 & 2 BE EAZoR Qo 2= 9l
FEVI 24 77} Group 1 -& 2% A 2.99+0.680, {%
2.81+0.70¢, Groupll= &% A 2.67+0.52(, 2%
271205908 F 3 BF FARCR ok Aol }i8l
MVV &4 A3}, Group [ & &5 % 88.80+25.480/min, &

% 108.39+34.710/min ©8 FAHoZ Selujdt zjolz}

Dﬂ(p<0 05), Groupll= 9% 7 85.16+21.97¢/min,
= 3 96.83+21.150/min0E EARHOR Solal ol ol
3 3).

do T -ﬂ o o

238%

E 3 & U 25 =% Wi/l Hle
FvC* Group | 3.81+0.71 3.61+0.75 .164
@) Group I 3.33+0.74 3.31+0.55 .894
FEV1® Group I 2.99+0.68 2.81+0.70 .345
@) Group II 2.67+0.52 2.71+0.59 197
MVV* Group I 88.80+25.48 108.39+34.71 .047
(&/min)  Groupll = 85.16£21.97 96.83+21.15 .106

M=+SD: B+ HEEXt

Group | QR XIXIH, Group Il 2R XX

°FVC: forcel vital capacity, ®FEV1: 1 second forced expiratory volurne,
cMVV: maximum voluntary ventilation
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H 4 & U 25 BF HEXFH Hlw (91 3
Pre Post
(M+SD) (M+SD) -
Group I 21.20+9.18 33.20+13.81 .000
Group II 20.40+6.80 27.70+7.47 .000

M=+SD : BH+TXEHER *p<0.05
Group | @ 9P XIX[HZ Group |l @ 9 XX[HZ

2. & W 2 = AuXI73 Hlw

i
20m AEH AAF A3}, Group [ 2 5 A 21.20+9.183],
S5 T 3320+13.818 |93, Grouplls &5 A
20.40£6.803], SE T 277047473 & 7 WE EAZO

2 frofgt A7k UK (p<0.05)(3E 4).

AA 43 HAAF 43, Group 9 OSI= &% A
1.5640.60, &5 = 1.7940.92%, APSI= & A

1.20£0.52, &% % 1.46+0.99, MLSI:= &% A 0.84+0.30,
&5 ¥ 085803002 FAHOR [ORF Aoz Itk
Group19] OSIE= &5 A 1.63+0.72, 25 & 1.64+0.49%
I, APSIE 25 A 2.1142.51, 95 % 1.35+0.42, MLSI=

&5 A 0.85+0.40, &5 I 0.79+0.280% EAFOoR 99|

=4 78 AA 23 Group [ 9] OSIE &5 A 2.54+
0.86, 25 3 1.9440.9391, APSI= 9% A 1.7540.71,
2= T 1.16+0.62, MLSI= &5 A 1.63+0.83, &% &
1.43+£0.9702 EAZRo=Z 9053} zjo|= 419k Group <]
OSIE= 2% A 2.65+0.91, %5 3 1.70+0.36%1,, APSI=
2= A 1.73£0.63, &% = 0.90+0.370% EAZAOR K9
3t 2Jo)7t 99 a(p<0.05), MLSI= 2% A 1.86+0.94, %
T 1.33+0.520=% FAHCE [ORE Zjol= gISIThE 5).

B

o Zh H3jEko| 10| H|w

5 At 29 w7l HeldS gt 23, FVC Halgke
Group I —0.20+0.42¢, Groupll —0.02+0.39¢, FEV13}
2o Group I —0.17+0.55¢, Groupll 0.03£0.33¢, MVV
W3S Group I 19.59+26.870, GroupIl 11.67+20.530°
2 M sARCE FORE Aol glSitE &5 A 0] 20m
A Sl WS vt 23, Group I 12.00+5.503,
Group [ 7.30+4.303] 02 T SAZ SR [olgt zjo]7} 9l
H(p<0.05). =5 A2} Fo FH #9 9 HelFS Blu
3t Ay, OSI WslkS Group I 0.23+£0.88, Groupll
0.01+0.75, APSI W32 Group I 0.26+1.03, GroupIl —
0.76+£2.56, MLSI W32 Group I 0.01+0.25, Groupll
—0.06+0.39=2 7t FAACR ROt Aol= iSltk F4 o
3 599 wslgke vluwgt Auf, OSI ¥l Group I —

Post
(M+SD) (M£SD) .

YHogsH
OSF* Group I 1.56+0.60 1.79+0.92 430
Group I 1.63+0.72 1.64+0.72 967
APSI® Group [ 1.20+0.52 1.46+0.99 444
Group II 2.11+2.51 1.35+0.42 372
MLSEE Group I 0.84+0.30 0.85+0.30 .903
Group II 0.85+0.40 0.79+0.28 .635

SHAgs
OSI* Group I 2.54+0.86 1.94+0.93 128
Group I 2.65+0.91 1.70+0.36 .016
APSI® Group I 1.75+0.71 1.16+0.62 .063
Group Il 1.73£0.63 0.90+0.37 012
MLSE® Group [ 1.63+0.38 1.43+£0.97 .590
Group II 1.86+0.94 1.33+0.52 147

M=+SD: T+ HAFEK};
Group |1 9 XK= Group |l S0P XIX[oH2

®0SI: Overall Stability Index, “APSI: Anterioposterior Stability Index, “MLSI: Mediolateral Stability Index

34 « Effects of Aerobic Exercise with Unstable Supporting Surface on Cardio-Pulmonary Function and Balance Ability



Hu
oY
=3
B
s
oX,

T
o
-0,

o3, AT, HEY IS, §IY, B, BUF

0.60+1.13, GrouplI —0.95+1.02, APSI 32 Group I
—0.59+0.88, Groupll —0.83+0.84, MLSI 322 Group
[ —0.20+1.13, Groupll —0.53+1.062 7+ EAHCR &
Ot 2lol= JISUTHEE 6).

=

S H|uskazt é‘*lﬂ?‘iﬁk

71 Zut #7152 FVC, FEVIS & 7 B%E ojuldh #sl=
AR, MVVE Group [ oA &5 & MV V7| {on)slA =
7F8¥5aL, Group = F2ufet #ak= iglaL, H7ls<] Al ¥
g HE 2 2 BisRkY] Aol qlglek

=49 5(2006)2 20t oJAS thako R 1237 AR &

Al @E AR 0] FCVE fomigt zlol7 glgion,
MVVE foufgh oli= gtk sigitk 89ka(2018)
AL gpro @ 827F AASE SAk: S=3 23} o]

FVC, FEV1, MVVe] fojuat Z7Hicka sigic. ofg o
Ve A7t s AfolMs fAkhR-go] oAt Jﬂﬂh
o] A0S ko AAIH qj:floﬂ/q‘— B ojqro] Avel 7
o HiF-2e] H7le Wols 5 At 9 ‘?'JE}L— #alct. st
At fAHeES] e} B 25 7)ol wek Aol Slof 2
A7l S Siet BT SRS Wl gt o7t 2
R Jope. E AR w2 fAkheso] il vix=
oFko| thel A= B At Qo= HAfsle] 235 oA A
el ohfet wplil skl Aee tpos avel A
= ke Ayt e JoR Alrsr:

B odge] AuATY B T 7 BT 2% Hur 2%
Foll e S71AL & &k $of WSl Group
I'o] Grouplliiet fojmjbA] 27| uetideh. 34(2014)9)
AP A B o i B AN
7 AR I pEE AP AA[R)eIA] 85 FF AARE F
7] 2ol wd, LA, %%@01]*1 Fdol il o}
k. AR FRdis e Boby Aol foju]
a gpgol QL = w7ke] gojulat Aok th sigich AA
Aol Hae B LB} LS G &5 S2o] Wb A

FEVI1o|| ot avpy} Qglony, 1 29 wrls H:Lr0ﬂw dH gojx AuAlatd, BRAo] s, Eok Al5o] W
golujat zjol= igitk slic). oA 283] £(2016) S5 289 9t HoRItiOviedo 5, 2014). 314
3] GAALES UMY HES Aol 65 B9 AAJS 734 (2014) A7) ATt 24e A2l Fade] A 4
E/4& efsto] 1000m ede}7E A5t Ao R siqick
= 6, & 2+ HaiZe| 0| Hlm
Group I GroupII
(M£SD) (MSD) -
b7ls
FVC*(0) —0.20+0.42 —0.02+0.39 326
FEV1°(0) —0.17+0.55 0.03+0.33 335
MVV(¢/min) 19.59+26.87 11.67+£20.53 468
AR |72
20m SRTY(3]) 12.00+5.50 7.30+4.30 047
MR
OSr° 0.23+0.88 0.01+0.75 .556
APSIf 0.26+1.03 —0.76+2.56 257
MLSI® 0.01+0.25 —0.06+0.39 .637
SX7S s
OSI —0.06£1.13 —0.95+1.02 477
APSI —0.59+0.88 —0.83+0.84 .540
MLSI —0.20£1.13 —0.53+1.06 509
M=SD : B+ EREA}

Group | @ 9P XIX[HZ Group |l @ 9 XX[HZ

*F\V/C: forcel vital capacity, °FEV1: 1 second forced expiratory volurne, MVV: maximum voluntary ventilation, 20m SRT: 20m shuttle run test, °OSI:
Overall Stability Index, '"APSI: Anterioposterior Stability Index, SMLSI: Mediolateral Stability Index
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2 Aol AR ksl Yste] AE 20m HEE
S oS ek WleR AikEes A1~9—la
% F(Leger?} Lambert, 1982) 0% AR oz}l 24
w370] Holrh lo] - o] et Aojat Aoz At
ESF ZalP8(2014) 9] Aolde B H S F’]’H/\XH4
wfEQ] Z|HRE QoA SHEA7IE GASH AlZko R =48]0
s I 9 0 8 e P T

2ol gk SJolq TR 41 To] AR )
OSI, APSI, MLSIZ =43l HA|& 73 E}u& Ma} 7
5elo] ke Al Btk 1 A 54 29 sYe
OSI? APSI®] Group I ol ﬂum B7o] giglonk

odth et Olﬂ

S ) vsiRe folole: Aok gisich 1% Wel92014)
of ie] Zje} Axsfol BV AATN A

250] B Re5eo] EkHelo] HAelHeick £ Ao 4
] 7% Lo 0SI, APSI, MLSIoA & 2 % 9oju|st
= lola, Al Wi B 2 7 skl Aol gigitk. of
P o Bl QYT el AN
A ol sl £5 21 el ot 25

L
h
rlr

o
~
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o2
O

e,

A e
ol
or
)
)

= HePE Qo] w2l w2 AR oAXIh

2 A7e AHde drdeR Aajsiel XA whE fit
& 259 HWls % A Il vixle dFE AEsilel of
2ol AT wWebA ol dtollae dullsel Has) e
e didez AR o] gl 7t 2RE E= Jlofet
I ARREC B & Ahe 2E7RI0] 4FR FATIR] we
NS BRI ffet F7H]l A v B8 Ao Az
ek

B ol oy ||y} E9
Aul7lent sl niX= ! .
TR F FOR o] 28] F 437t AXsien, 7

20| 9% AT Holoh F 2749 ¥
3} e ARg Akt
1 89 AR 0 85 A5l A5 v

g

23} FVC, FEVI, MVVE 893t Zjo|7} ¢lglal, Alg)
AL Gefat Holrt Iickp<0.05). Eg YT
2o folit Xolrt G, FAFRAS fft Holt
SIIEKp<0.05).

2. 9P AN AR 5 W] A7l nlwet
A3} FVC, FEVIE 295 2jo|7} glola, MVVQ} A
A7 RIEt Aok UeAeKp<0.05). EFF HHT

09..11

5, BATHSUS R AoVt ok

3. FEVIE 28 ol fefet Holg vehr) ghoik 1
g3 I 7R Sost 2ol Ueh}A] it

4. QP ARt Beby A ) Al FEsee)
MBS ROIT Aolt gigton), AIATe) e
KOl Ao/} ¢lelekp<0.05),

B ofro] At EoMY AAHOIA ] GAASEL AlH|R|

ot S ] S BT 4 Utk ueb AR
5ol 428 A1) 18 U TRl AU A Ao

e F7EEel ﬂ?—aoﬂ JJR?‘} 7141}1?& 32 ZﬂE’E At
FEck

Bk o) ofeleol 7480 ke vtk

BRI A AFE,

129, ol 5. A
WA, T 289 A SR 2Euae 2y
)i, Zpodn)et23:197-210,2012.

T, HGE, A U717 A ANk st o
Bolgle] ARE 2% TR B 9k
SRR B A A A TS A BH17,9(3):1-9.201 1.

7o, Foe, 1 BRPRE AAE £50] ob 910 g
ShA SEAe] X ek TRHIZA E818]2002);

17-23,2016.

. Aie] F5o) W2 7] 2
) ZofEelol v 4%
GH%C, 2014.

e R, AR50l 2] 014 o/l L 5

FA20] WA . ATASEIE,15(3):615-623,
2006

oJX|9, AR, BV A Qg KXW wH B
shje] 29 5 uaL A EsteeEA 12(9)
3587-3593,2011.

O, A, MR Petels Wl S5 BOVY AN 5]
654 oA 019] o) AL FF. HHETIENE]

A, 2(3)'75 82,2014.
23|, %, WEE. ST HAkE

A7l 2 53 A

2),11(4);33-39,2016.

BE. GAREL AT 250 BATheel H i 85
Aol )X . AFAKISIE]17(2):617-630,2008.

So] Aapgel) Hasde] A

@*’%X}ﬂ@ﬂ st AAt

o] wHy ¥5% BKjo]
WA o el
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