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Abstract :

Journal of the Korean Applied Science and Technology

The aim of this study was to evaluate the physiological responses following acute and

chronic Nurida—ball exercise to measure the relative exercise intensity and health—related fitness in

middle-aged men. In study 1, eight middle—aged men carried out acute Nurida—ball exercise for 30
min. The physiological responses were normalized and compared with a graded treadmill exercise test

(GXT) to evaluate the relative exercise intensity. In study 2, twelve middle-aged men were divided

into two groups: Nurida—ball exercise group (NB, n=6) and control group (CON, n=6). NB group
performed the Nurida—ball exercise for 8 weeks (30min/day, 3 days/week). And then, we measured

the body composition, cardiovascular factors, blood lipid factors, and muscle damage markers to
confirm the exercise efficiency. In study 1, the related exercise intensity of acute Nurida—ball is the
range of GXT-HRpeak (55~85%) and GXT-VO,peak(23~61%). The change in body fat-related
factors was significantly lower in the NB compared to the CON group. Moreover, TC and LDL were

decreased whereas BMC was increased in the NB group after Nurida—ball exercise. The change in
VEpeak and performance time of GXT were significantly greater in the NB compared to the CON

group. The performance time of GXT was increased in the NB group after Nurida—ball exercise. Our
results indicated that Nurida-—ball exercise would be effective equipment for the improvement of
health—related fitness. Especially, Nurida—ball exercise can affect body composition and cardiovascular

function, which might alleviate metabolic syndrome-related diseases in middle—aged men.

Keywords - Nurida—ball exercise, metabolic syndrome, body composition, cardiovascular function,

muscle damage
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2.1, Study 1

2 el dgAE 40~500 S E4 107
S diate g2 A3 308 Nurida-ball &% 43
Al et st A 85e 24kt WA

dot=  tEAE EH”—ECi A9
(informed consent form)& Hr& o
stact shATE 25 Fo 5 EHEE

T Fole] FHE Uel 292 A Qe 859 A=
‘3 Ao AFodRte] 4l 1
(Table 1>3} Zrt},

2.2. Study 2

Study  lofA  RHYH  FAT 8“594
Nurida—ball 2% HZ(NB, n=8)3 A&7
H FYe dEg 3d FEe v+
(CON, n=8)o=2 st A48 H BE
A=Al 2 Aol gt Wit dAE
3] sl AE5 A (informed consent form)
E 2T 3 AYES AN olF i
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2784 AR o] HE Ao ol A=
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FEch SAte Al R TR =
TE 2ol AfEA B2 A 5l
5] o] E7TFe Ao Ak glo] ¥y
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Ay @ 9 B2 59 ol 0}04 25S 4
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QL5 NIE QI (Figure 1A). HA
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[¢]
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Table 1. Characteristic subjects of Study 1

Variables(N=8) Mean (SD) Range
Age(years) 52.63 (3.50) 49.00-57.00
Height(cm) 172.43 (8.34) 163.20-187.60

BWi(kg) 71.26 (13.74) 57.40-93.80
Fat(kg) 15.70 (8.25 8.67-31.51
BF (%) 21.38 (6.44) 16.50-35.00

BMI (kg/m?) 23.77 (2.65) 20.76-28.73

LBM(kg) 52.88 (6.75) 45.80-63.68

BW: body weight, BF(%):

percentage of body fat, BMI: body mass

index, LBM: lean body mass. Values are presented as mean (standard

deviation).
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Table 2. Characteristic subjects of Study 2

i
o
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Variables N BK group CON group t p value 95%-CI
Age(years) 6 52.50 (3.27) 53.67 (1.03) -0.833 0.437 -4.55 2.53
Height(cm) 6 174.45 (8.65) 171.35 (8.43) 0.629 0.544 -7.89 14.09
BW(kg) 6 76.23 (13.69) 67.67 (1.53) 1.343 0.209 -5.65 22.78
Fat (k) 6 17.34 (9.05) 14.22 (4.90) 0.742 0.475 -6.24 12.47
BE(%) 6 21.73 (7.96) 20.61 (5.63) 0.282 0.784 -7.74 9.99
BMC 6 3.26 (0.64) 3.04 (0.37) 0.712 0.493 -0.46 0.89
BMI(kg/m?) 6 24.88 (2.66) 23.06 (2.24) 1.280 0.229 -1.35 4.99
LBM(kg) 6 55.64 (6.13) 50.40 (3.80) 1.780 0.105 -1.32 11.79

NB: Nurida=ball, CON: control, BW: body weight, BF (%): percentage of body fat, BMC:
bone mineral content, BMI: body mass index, LBM: lean body mass, Values are presented as
mean (standard deviation).
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<

B

Fig. 1. Nurida—ball exercise equipment. A) The equipment of Nurida—ball exercise.
B-C) Feature of Nurida—ball exercise using K5 portable analyser.
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2.5. Efled 2=H5lHAHgrade treadmill
exercise test: GXT)

GXTe 54 99 1A A Aol =zs
of meRt MR HS F'F ¥ XS
HA i dAEolA ol g =
5] Adstal Z2H(Polar, S810, Finland)& #-&
st AEteE HUET St olF AF o
7b2that E497](Cosmed  Treadmill T170 DE,
Cosmed Co. Germany)& ©]-8sto] Aur(heart
rate: HR), ArA&HF % (oxygen consumption:
VO2),5 518 (respiratory  exchange  ratio:
RER) ¥ 2F7|d=f(ventilatory equivalent: VE)=&
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w2 Akl HRlES A5 M &
42 HdlEe g 52 F IE £l
gE 194 522 BHESHHA SjHARhe o]
sto] 5ow F& H 4 s AFSHAHEG
3)/%F, 108, 13, Figure 1B,C). A% &Y oAt
2 7HHESE BFor AEHAS AAT &
(108) Fug A571AE47|(K5, Cosmed Co,
Rome, Italy)& Z&s5t1 3027F Nurida—ball -2
= AASHAH &5 5 A8 AR
oA 54 HR, VO, RER, VE¥ ofqz] A-H]
F2 54 Holg &, £4 AHE ogste] 7
FLR 7155 o]F ZAsHT teoR 8%
7t Nurida-ball 252 ¢ *sdHez F
33] ofF 3024 F 853t AAISHATE

oo o | off r& & &

27, M =H

GXT &% 9 5 A4t 542 finger—tip &
HE o]gsly] 5 H, =5 AT, g5 5&, 3
= 108, 35 202 ¢ 3= 30=] AHAste] 2
AF BAH7(YSI 1500, USA)E o-g5te] HAstg
ot E3t A3 308 Nurida-ball &5 3
FEg Yoz 5 A %5 AE, FE S8
9 3E 108712 &7kt

2.8, Xtz 2|

2 AT BHE A= SPSS 22.0 FA &
2IE olgsto] A3 307 H 8t
Nurida-ball #& A WYeh= 2= A2fors] H
=S 7IEEAE ol8sto] Hat(mean)} EF
M2} (standard deviation)2 A|A|5FATE HAA 4
3]4 30 Nurida-ball &5 5 S3H HIEES
AHAQ 25 AER 4AFESH] IS GXTellA
UERd x|} Hlw EAste] MEe(n)= U
etk oo ® 853k Nurida-ball &%
e 4Sch] fside &5 A AAFA,
H7)s #d 27 9 5 Aoty elES
gttt WA Ha 2po]  EAHR (Change-
score analysis)ollA] HolXl P Zpo|(ALE P -
APAE)E Shapiro-Wilk test® o]g5to] A
A ASES 49§ 237} Fat, BF% 9 LBM-legs
7t AHEEE WEoHR] ¢Fot Mann—Whitney U
testE ©]-8otl HdS WESh= UmA HE
W52 =2(Independant) t-test ©]-&sto]
o 7] ZolE EAskih Et Hd Wi A7
7t ztolE #elstr] flal Shapiro-Wilk test=
AAIRE A3t HRpeak7} A2EE WESHA] &
oF Wilcoxon signed rank test& AAJsta uH
2 e wEske RE WSS Wg
(Paired) t—test ©]-8sto] FASFATE FAISHA
A5E A For 52 a<0.052 A5

o},

AN, ol

3. #at ¥ nF

2 A= AEA HEE Nurida-ball 2% 7]
o] 84S ASsh] Ys 43 308

Nurida-ball 25& AHAlsto &5 A& M4
Hog =45l 85F7F Nurida-ball &5 53t
AATAY, A+ 9 5 28 9 & &4
A7l WA= FFS st A+ Bi=

chet 2t

- 375 -



o
-
ox
Hol
N
do
rel
[
M
op

3.1. GXT2t ¥35|M Nurida—-ball 25 $3oi
e Ma|sty Holgo| 2 &

GXT¢} 934 Nurida-ball 5 A &AH
HRpeak, VOpeak, VEpeak, RERpeak & Z4t
29t GXTO] A& Adido= H|ws}o]
Nurida-ball 59 A& %5 A=E2% F
Aot A= (Table 3>¥ Ztt E3| Nurida-
ball & Al Yehd Az 4 Qclo=r
&7l HRpeakel VOjpeaks GXTSE Ath
v wollA oF 85% 9 63% FEo =2 747t uERy
o]= Nurida-ball %9 &7} 7% o]
o5 A7 A=z m SHAR] IFE 1|
T e Aor A

o )

i

gurHog 5 49 Al Yeh= HR, VO,

VE, RER ¥ @5 24 S &5 ZxE 1t

HAH o= st FQ35 2 EE ALHTH13,
= =

de= ZRIgt dxkFigure 2), HRI VO &=
98.13+7.94-148.00+16.18bmpt
9.79+2.00-24.82+8.50ml/kg/min o2 Zt
Zt yepga(Figure 2A, B), VE$} RER2
20.28+6.01-51.79+9.71L/min=}
0.73+0.04-1.07+0.10 Fo= 77k Yehgt
(Figure 2C, D). Nurida-ball % £ F e}
W ARty 285 4y fF AR 4HEst
7] 9o GXT o F21eF Hlu FA%F A
GXT-HRpeak®] 55.13-85.11%, GXT-VO,
peak®] 23.04-61.74%, GXT-VEpeak®] 20.75-
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62.65% 2 GXT-RERpeak®] 61.14-91.84%<
2 Z}Z JehgdthFigure 2E, F). o= Aubzo
2 mla AZ=OE3|oA AXEH F, 1T 2
S (@HRmax: 64-95%, %VO,max:46-90%) ¥
Qo) sigst= A2 =2[10] Nurida-ball &5
AALS FAAZ|L AHATEE F7HE 5
= TRt T Arga A4 5 Qlh

A

o

rr
Mo
ot
N,
o
)
k=l
i il
i
it
i)
H
S
e
ﬂ

Nurida-ball &% F Wehd oA &AM
At A3 2 A2 s AR 4R
28-S 0.11kcal/kg/min 7} 6.60kcal/kg/h© 2
Zy7y UEew AlEE aEoh] o4& Al 9
Z=ze  AHERE AR AR AR
7.55kcal/min¥t 452.88kcal/min.2 ZtzZb LrERSE
HTable 4). o] 2 AT A5 B+ AF
oz FhAE] HW 3087t Nurida-ball &% A
SF  250.8kcal(0.11kcal x 30 x 76kg)E  AHT

A ox 30 Mo L o2 Jm

o}
T Qe Aor F5HY ol F 33 30824
GIHEF129) AAE A% °F 3,000kcalE AH|
& & e TFY a8 5 Yol A
2t wheba F717 #2421 Nurida-ball =
o AAY AR AT el s8HY
FFe "d Zoz Ty ol HFSH] A
ofl 857t Nurida—ball 252 AAlo}AT}

Table 3. Physiological factors response maximal treadmill exercise and Ball-kick test

Variables HRpeak
(N=8) (beat/min)

VO,peak
(ml/kg/min)

VEpeak
(min/ml)

RERpeak

Lactate level (mmol/l)

Pre Post Post—5min  Post—10min

GXT 178.00 (8.96) 41.96 (7.90) 106.74 (28.13)

1.20 (0.05 0.81 (0.20) 892 (2.60) 8.90 (2.12) 7.32 (1.63)

BK 151.00 (15.21) 26.64 (8.05) 57.14 (11.07)

1.10 (0.09) 0.81 (0.13) 438 (1.25) 2.84 (1.44) 2.34 (1.64)

% of GXT 85.11% 63.68% 58.09%

91.93% 102.28% 52.80% 31.00% 30.80%

GXT: grade exercise treadmill, NB: Nurida—ball, Values are presented as mean (standard deviation).
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Fig. 2. The physiological responses following acute Nurida-ball exercise. A) Heart rate, B)
Oxygen consumption, C) respiratory exchange ratio, D) Ventilatory equivalent
following acute Nurida—ball exercise. E) Percentage of HR and VO, and F) VE and
RER during Nurida—ball exercise (% of GXT). Bars represent mean = SD (n = 8).

Table 4. Physiological factors response Ball-Kick exercise test

Variables (N=8) Mean (SD) Range
kcal/h 452.88 (66.00) 351.80-568.98
kcal/kg/h 6.60 (1.69) 4.12-8.77
kcal/min 7.55 (1.10) 5.86-9.48
kcal/kg/min 0.11 (0.03) 0.07-0.15

BMI: body mass index, LBM: lean body mass
Values are presented as mean (standard deviation).

3.3. E7|Z} Nurida—-ball 25 £&o| =
Mz Ao H3t

857t Nurida-ball &0l 9§t AlA14d<] ¥
SI= shelst A3K(Table 5), A¢ 7 BW, Fat,
BF% 9 BMI WS}=FALS-ALd) Ztol= NB H
o] CON Aozt v|wsty FAHoz {25t
A FadE Aoz Yt BW:  =-2.439,
p=0.045, Fat: 2=-2.887, p=0.004, BF%:
7=-2.562, p=0.010, BMI: =-2.425, p=0.044).
HE NB HdelA A7l 2+ Fat(p=0.077)x}
%BF(p=0.065)F FAXHLZE Folgt ztolE et
Uzl okt 5 T H|wstY 2%

e
o T

Fat(7.05%)%F %BF(5.87%)7} #Asdt= AHgko]
el ol & Aol 498E 5 T2l
ol ACSMofA A & Z2IH(53]/F,
60+ Helell w2 Eote] veprd Axfetar A
ZreoH12]. webA S8 Nurida-ball 252
BIE AATH] HoliMe =59 34et AR
ACSM 7|0 %50l z4d% daido] St
A7 e

Nurida-ball *&717+& slg|& HIZA AL
SIS AZter Eo] &7 F& UEo=E A
v 257172 A= (Figure 1) A7 %Y
AR Skl 259 T2 "Hert 27] w'
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Table 5. Change of body composition
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CON group(n=6)

NB group(n=6)

Pre Post A% Pre Post A%

BW(kg)" 67.67 (1.53)  68.13 (1.72*  0.84 76.23 (13.69)  75.08 (14.11)  -1.10
Fat(kg)™ 14.22 (490)  15.15 (4.98)* 6.54 17.34 (9.05) 16.17 (8.49)  -7.05
BF(%)" 20,61 (5.63) 2178 (5.63) 5.75 21.73 (7.96) 20.48 (7.3) -5.87
BMI(kg/md)*  23.06 (2.24)  23.26 (2.36) 0.20 24.88 (2.66) 2463 2.81)  -0.25
BMD(g/cm?) 1.24 (0.08) 1.23 (0.07) -0.31 1.26 (0.13) 1.25 (0.12) -0.89
BMC(g) 3.04 (0.38) 3.05 (0.36) 0.41 3.25 (0.64) 331 (0.62)* 1.94
total  50.40 (3.80)  50.09 (4.49)  -0.72 55.64 (6.12) 55.72 (6.31) 0.09

[BM Arms 572 (0.50) 553 (0.55**  -3.55 6.21 (0.88) 6.22 (0.86) 0.12
(kg)  Trunk 2399 (1.72)  23.86 (239)  -0.77 26.07 (3.04) 26.60 (2.59) 2.10
Legs 1650 (1.83) 1630 (1.91)  -1.33 19.03 (2.73) 19.14 (2.57) 0.54

CON: control, NB: Nurida—ball.

BW: body weight, BF%: percentage of body fat, BMC: bone mineral content, BMI: body mass index,
BMD: Bone mineral density, LBM: lean body mass. *p<0.05, **p<0.01 from Pre and Post. *p<0.05,
#p<0.01 between groups. Values are presented as mean (standard deviation).

S| (lower limb) 5 &) 3744
oz £ Qe Zog FZEHrt} 3
e 2 AFolA LBME] "3 He 7
7120 bl frelat Apolsk venA] egke. ol
LBM= =82Z 02 (arms, trunk, legs) UFo] &
At A3 LBM-legs®] WidlsFe] Ztol7t Mot 7h
AR Fogt ztolzb yEhtR]  ESkA|RE
CON et} H|wst] NB Heto|A F7leh=
Aol YehtH(p=0.055). E3F Z8F AH
AT TAE UelllE BMCZ7F NB HgolA] &%
% ool /b 2oE UERHEMC:
=-2.666, p=0.045) 8F7te] Nurida—ball &
o] o}l &L EAgol gF FHAA IFE
oA Aoz maHEn{l16]. sHATE 2 AFA
AHEE DEXA HHle &4 48592 53T &+
UE AB7T AFEA L Byt oflEt 25 F
FUEE kA 259 SAHAEE AFsHA St
2] 235ttt Altk7t Nurida-ball @%©] 317
TE5FO dHEE TR AAA Z2 L3l
o3t sk &59 HAE AAAN A

flo 2

Qo] o
@ Feto] A7 #ESP] e £ ol
a8 4 gt FANY a7t Baw Aow
Ayzhent,

3.4, 7|2t Nurida—ball 25 $&80j| M2
8= X|E x|EQ H3E}

857t Nurida-ball &%l st < 24 Z
xo| HSHE &<Ist A3NTable 6), RE F=9
A A 219 HIEFARE-ARE) 2ol FAA
o2 {ot Zpolzb urERtR] QkSiTt. shA|Rt
NB FHghollA TCo} LDLE 2% Azt H)wshe]
=5 Fol FAHCR {osiA #AAH Aoe=
UElHTC: =3.725, p=0.014, LDL: =4.571,
p=0.006), &l o EF A 8<]lo] AEH
Aot Hagk ohpo] Addtdatel dxste
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W CK % LDHO #F& el Aik(Figure
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< &5 W 2EdLE HEsH fEstAE &
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2 AzHE
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b 7|52l Hat

S AA Q=] T E}—‘E 4o AAHre] 7t

a0} g AsA e

2kA] 8527 Nurida—ball

P zmo] wsie

VO,peak, HRpeak, RERpeak %
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= Rr

A otttk SHARE VEpeake] WSFRFARE-
AF) #Foli= CON et Hlawsto] NB Fghe]
AN EAZHoR Go5H Z71E Aoz vt
(VEpeak: =3.132, p=0.011). ol& &4 4
A= oa) TV|FS ZIAA 558 I
AAZIGT Byst He) Aol uad Ave
UERAE(19, 20). w=hA] olRt Avse 5
o Edf 857re] #2431 Nurida-ball %ol
7] ol 3HAA FFe vAH AnHe=m

olt
i
N
o
>,
i)
4
o,

NB @‘:‘foﬂ/ﬂ o5t 57t
(Duration: =3.077, p=0.012).
o] VEpeak:= AFAE} H|wsle] ARG EAZ O

A A 7+ @ 77 7t Qolst ajolzp v B fosHA FAAa" ez uehd why
Table 6. Change of blood lipid factors
CON group(n=6) NB group(n=6)

Pre Post A% Pre Post A%
Glucose (mg/dL)  99.17 (4.96) 94.83 (5.49) -4.96 97.50 (6.72) 91.67 (5.16) -6.47
TC (mg/dL)  194.83 (1824) 194.17 (21.35  -2.01  203.50 (27.30)  179.00 (17.6)* -13.61
TG (mg/dL)  139.83 (53.86) 134.83 (39.87)  -2.24 142,50 (46.53)  115.17 (43.25) -29.67
LDL (mg/dL)  139.50 (17.00) 134.83 (20.35)  -5.69  133.67 (26.37) 116.33 (24.42)* -15.47
HDL (mg/dL) 42.17 (5.56) 43.83 (7.83) 1.60 44.17 (16.38) 47.00 (11.73) 8.16

CON: control, NB: Nurida—ball

TC: total cholesterol, TG: triglycerides, LDL: low—density lipoprotein, HDL: high—density lipoprotein.
*p<0.05 from Pre and Post. Values are presented as mean (standard deviation).
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Fig. 3. Effect of Nurida—ball exercise on muscle damage markers. A) The level of CK and B)
LDH following 8 weeks of Nurida—ball exercise. Bars represent mean = SD (n = 6

per group).
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Table 7. Change of cardiovascular factors

Journal of the Korean Applied Science and Technology

CON  group(n=6)

NB  group(n=6)

Pre Post A% Pre Post A%

VO,peak(ml/kg/min)  44.12 (3.86)  41.37 (3.00) -6.96 39.52 (4.40) 39.35 (6.99) -1.62
HRpeak (beat/min) 181.67 (8.33) 181.17 (845 -0.39 17167 (17.61) 175.00 (11.26)  2.03
RERpeak 1.22 (0.07) 1.17 (0.04) -3.89 1.13 (0.15) 1.19 (0.05) 5.13
VEpeak (min/ml)* 106.93 (8.37) 94.51 (7.38)* -13.58  92.30 (32.20)0  109.62 (31.73) 15.55
Time(s)" 636.17 (62.77) 627.83 (53.91) -1.33  584.00 (56.12) 636.33 (73.60)* 7.95
Lactate(pre) 0.69 (0.13) 0.78 (0.14) 6.75 0.66 (0.07) 0.71 (0.13) 353
Lactate(post) 7.68 (2.01) 8.97 (1.44) 14.74 7.25 (2.78) 8.39 (3.81) 8.51
Lactate(post—5min) 798 (1.28)  10.28 (1.99)*  20.55 9.10 (5.35) 810 (3.62)  -14.41
Lactate(post—10min) 7.45 (1.55) 9.09 (2.04) 14.07 6.84 (2.89) 8.01 (3.83) 8.01
Lactate(post—20min) 5.84 (1.61) 7.32 (1.60) 17.42 5.02 (2.04) 5.88 (3.11) 1.17
Lactate(post—30min) 3.85 (1.38) 428 (1.21) 8.19 3.57 (1.68) 3.66 2.17)  -10.50

CON: control NB: Nurida—ball

*p<0.05 from Pre and Post. *p<0.05 between groups. Values are presented as mean (standard deviation).
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