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Purpose: This study examined the effects of curl-up using XCO® on trunk muscle activation in healthy adults.

Methods: This study design was a single-blind randomized controlled trial. Twelve participants were enrolled in this study. The subjects
were instructed to perform curl-up exercise in STCU (straight curl-up), LTCU (left twist curl-up), RTCU (right twist curl-up), TWCU (twist
curl-up), and PPCU (power push curl-up). Electromyography was used to assess the percent maximal voluntary isometric contraction
(9%MVIC) of the rectus abdominis (RA), external oblique (EQ), internal oblique (I0), and erector spinae (ES) muscles. The data were ana-
lyzed using two-way ANOVA with a repeated measure. The statistical significance level was set to a=0.05

Results: The 10 showed significant differences in the main effect of the group and the interactions between the group and exercise
(p<0.05). In particular, the 10 represented the interactions between group and exercise in the RTCU and PPCU (p < 0.05). The RA, EO, and
ES did not show significant interactions between the group and exercise (p> 0.05). The RA, 10, and EO showed significant differences in
the main effect of the group (p < 0.05). The EO showed a significant difference in the main effect of exercise (p < 0.05).

Conclusion: These findings suggest that XCO® can be used to increase the muscle activation of the internal oblique, which is the lumbar
stabilizing muscle, when XCO® is combined in the curl-up exercise with rotation. In the future, research on the intensity, frequency, and
duration of XCO® exercise will be needed according to the individual characteristics and preferences.

Keywords: Trunk, Vibration, Electromyography

Mz
BE 82 QAT RE BE| Bofstul, Frkelt Aol
A 2] QPgAS SAISHe U] ) Fastcr 55 BE 2ge 2
B2A D FFAA 4 B Bl oget 5 ko] B8
3 Ojgh slm], AT 2 4 PAS FASHYLE Last 2 5o
ok SE O R By 280 T S SATEE ofdf 2%
FO2 Telo] glon] 7} 259 TS T Bl Bl wh
e} erebaick B 18 4ot -2 718 Akt sle) B B
o A2 BH0 2 BGED glom I 55 8] Bag
Hole

2812 Bt 5L TR S B3 ol B 2
£& Bolal0 2 Byeke 4 ek B R S B YEH $E
007]7] £5-2 ofe] AoA] v 2k vl 2l S A3}

s Akl Ylolo] 20 8152 B0l 4 9l £5olkn

1 sk Y 07719 $ 5L YA o) fEde

7] £5S Wrgstol choR S| 242 HAT 5 v 7
H

(XCO)S} & E5o] 473 9o
E50] o|3A) 1 Qe 5 EAE-S FUsHE ZauHE ol g3to]

= [¢)
BE DYHEG ol Aol FeNuh 2o uubglat

Received Jul 7, 2020 Revised Aug 25, 2020
Accepted Aug 26, 2020

Corresponding author Woon-Su Cho
E-mail chiro8575@naver.com

210 www kptjournal.org

Copylight ©2020 The Korean Society of Physical Therapy

This is an Open Access article distribute under the terms of the Creative Commons
Attribution Non-commercial License (https:// creativecommons.org/license/by-nc/4.0.)
which permits unrestricted non-commercial use, distribution,and reproduction in any
medium, provided the original work is properly cited.



JKPT

Curl-up with XCO on Trunk Activation

MY Ko o No X 7ol WMo o < oM oE T o T B de By R/ A o o oo &M oMt o™ ot
Elrs off o T M om T gp T oo KA KT X g R o W 5 oF ud o MO oou < M
g o oo o G Rl R S do B G N BT o F e g ]
™ o TR R o T oo B OB B U X %o ol tH S B g e X ooy o
Ho = W ok WS ooy Moy TN W) T o W N = — ol 28 T o P oy W —— < o
ol EJ.ﬁ —_ SN n + N = . o KX
s TREicoa Sl EX 0 I T S A EE IR I
o T R I R S Oy el ol - e B L HmEY T NE
R Lo R B g R oM moﬂa.%%lﬂr%muﬁwﬂ@.% %%mﬂw%ﬂ%wﬂﬂ%
L R - Y e O BN D oae TR o T T = = -
T R R - Fool R M XX S ® O Ky £ xpn %I px
W g o o o K = g T T Y hoop e X Ton X3 e @x < ¥sdn
@%M%uloeﬁn%ﬂo S Moo OWrmﬂmE_Lagm, N s BN Mo o
P EENT ST B Lf%ﬂ:_e%mﬁ@%m@l%n o e oo w g
SRS LT, FLRIIIIEEIii, BLgrTpiliEsl
o o - o U T ® — % = T X = I
LA o A R S CHE I o I rpiszolEske
THE R T ERE W YR TR PN g T oo X O L T o T
MEET YR ® AWy e C R B o O T EP N o R B RO
O 4o X W goor O E Y o el S G- L P % oof < Boop ) R g oo
N ST s ol R WEow Eagw s P q <M E O Ly o T A fo M
nd o iy - =y I~a N "B o o) — < H me & = - = <|
EOEEE__%WW&E o ﬁ%%%mﬁﬂuxmwﬂuﬂ@ii A_ﬂuaWE%mnwﬂﬂﬂm%m
LR of B W T X T o XEE . o x 2 2 & ™ < .
%%ﬂu@_o%ﬂﬂaowmﬁ D T BT Eeddy P F PG R ] &
o [y X 2 v a 3 ]r‘qu]_ H‘—I!ul_/
TZhepPEovitr2u™d 30 ST IRz LI@gordmh 23K mEHT Hy o
XOE Mow P ox oo o PN FTEXgr ¥ ay R el ®E RMETECE B dor oo
Woler o Yo KRR R T ®W® g rwo T o gsd A & p X @B o BT o oo o o NEomp
o o) = oy 5 o =¥ oo mJ o¥ 8 = o N FETT W ET NP o e ~NOHON ' T H KGR o oF B O
pog oy Sl g o T mp o o RO X0 BB of mhoo op 9 ogp BB o o X m B B e
T TSP UTE MEEoRNETRET BriaTolmgpimzo®zEEeawr
o Br¥ad J@popdprdll Mazzgdzdl g T osmeE PRI 4de
mﬂq_:T__%_qﬂrﬂw]eWHHe MAnmﬂioﬂimwwi mﬂ_ﬂ_”ogg‘_;uimﬁwednmvrﬂﬁiﬂn_,.AquEZuE._ou‘_
Fp S g wTET oy FgTYHLT AR TT N o Pl R lE b Dot W
70 = 5 o) oo T o ) o T A= o B do o ~ T o o
U B or o A oo W o © <] ~ o ™ I B o B ™ T 2L oo 7o & N O R o 7ol o
— =~ ~ H - B = — =) il T A A i
%Pmurwioe_n% s ﬂojqo._/,uro%ﬂ e_oxﬂmaz_ZT_ZAT%_EEOﬂMiﬂﬂﬂﬂA%
%ﬂ%ﬁm&m%w uﬁcfﬂd%%%mﬁﬁz_o %ﬂﬂoﬁiﬁﬂﬂm%ﬂ%ﬂnﬂurmcf}moao_u%
%%%%Mw o = X gg%_dﬂwwﬁ%% @geo__ﬁowﬁ%ﬁ%ﬂﬂrﬁ%wﬁwewoMﬂ%
PrR o R by 2ETHRIGERE BRI ORSSREEESLREIILELSD
n 2o = 9° Z o Noo o el | N o= J o
wEg B ie Enz Tyl blan e i AU E g
IS AR SR N RS E RN AN EEEE T SRR S S R R R
N I L~ B 5 oL — B okp o o N ° = ooz ~ 7 = No 7~
e e B S A A P Y T TR
e EEREE E I LN R R E N E S A N R E R R P E RN N
2 N o — = o 3 % R o oo PR E N "
BN LS ENEE SRS S AR TS S LS NS IS AR R R
P LT PR -T EE S b o e WP R R TR T o e A P T E RPN T oy
B = - 5 oo A MR ® T oW ol VTG B T [ S R A N L B
o H(c._od.Hho_ao < ﬂﬂoEH_’w_zT R T TS . K| ©
g PEET T O oy oap o Tm G ooy T o ®ogoopy X I R I s -
- or = S o H P pEETRE W FE K 5 Hy Mo Yo Mo X X o g m T O o T
ey 7MW A ° moA i = 2 G I S R o = X
RKEF DT T g« HPDERd XS T g om T g Bd o ®op RF oo L g B
FoWxPagugrodgpgdP@ngpgd chkgroaglpgoswgs e =X @gonsio o b
= No Mo 4 M ok o R of R do o B W G MW T M X T o B E N S T Mool x0T W N T W

www kptjournal.org 211

https://doi.org/10.18857/jkpt.2020.32.4.210



KPT The Journal of
Korean Physical Therapy

Ho e

ol of

57 Srder)y
2 HHE3F S5 © 717 (straight curl-up, STCU), Y20 2 ]
A S5 ©.717](left twist curl-up, LTCU), 2220 2 "]EHA] $1
& © 7]7|(right twist curl-up, RTCU), H]EHA] $15YU 0 7]7](twist
curl-up, TWCU), -9 7] $1:5Y ©.7]7](power push curl-up, PPCU)
olekFigure ). 71750 2} 121 8128 752 Hefiion,
olels} ol et Sel55 518910 717|% Askck thA-Sol

109] $BY07]712 Sashe B yHEAe] 58 e u)

|
og 2 Mo o &L op nk

acs

FANREE Holalgict

Ho
OHt
H
-4

re
>
el
ofo

ofN it
o~

ol
ol
rlr
oy TH

o
[
Rl

(XCO®, FLEXI SPORTS GmbH, Germany)2] ]
2|31 F0}(extreme core) S E5}H 0]
o1 Sk o) AL E
900 g 2] Aol 22, 0l
& 53l BollA Bo 2 ALY
21491 744 3317} A
55 215 710l o

[
Zlo] g Fe] A

=
> =
i_l“
oo 1o
e
e
o or

b1

[ SR
©
[ o
4o o
!
il

o o
ol
N
<3
0

N

5

Kol
5
<

oY, I
2
40 q
I
O
2
N
~1
(@)
=]

o off 2
ol
o,
=)
>

T o

I

|

o

A

A

L
<

ofe
b
L
mlI,
oX
"
2
-z

finj

=
>,
2
[
n ri oo
4
A
T o
i
&
4>
pacs
rlr

02
flo & go
ol [
ol
o
(ot
il
re
o)
mE
oZ,
1,
rir
=
olo
of

= n Ay
0?1'_ mE
H1 og";
u s
s

rH

P

%

]I 0

B

i

1o

-

BN

il

ol

o

21_:

4

x0

£

T
3

1= (Electromyography, EMG) &7
299 AL ZA7L yMVICE FAEFY.oH, 8-EMG
LXM 5308, Laxtha, Korea) S A8-5191.01, 38 42315 1,000 Hz, 5=
] 20-500 Hrol A 2h-25.0] upA]ut $IAJofl A 52 St
319111, Elole] ghe] @52 o] Sla) AL 139} o}
2z

=
Al2jakar 3 % Bebet 2459k 38] 1Y 5 HE
¥

r

of
of

EA
S
=

>
il
i
4 12
2 1<)

)
d
=)

—

o

-{E i
_ll

Ef

K o

ik ol

T ox oo

= lo

2
e dp
=

KU
[y o ofo
2

4o
b
ol
ol
N xR
P
i)
B
)
A4
o
1
2
~
o rE 4z
o2

flo o ¢
=
jus)
=
m
S,
rH
=
1p
)
N
2
NI
)

Mok Ju
ru
=2
Lt
ol
ol
R

fr -z

o |
BN

o
il
Iy
nf
of
2
>
rd
N
J

QL
38
o)
i
o
o
)
=z
il
rlo
rH
rlo
N

212 www kptjournal.org

Jae-Heon Lim, et al.

TWCU

Figure 1. Curl-up exercise variation with XCO, STCU: straight curl-up,
LTCU: left twist curl-up, RTCU: right twist curl-up, TWCU: twist curl-
up, PPCU: power push curl-up.
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Table 1. Comparison of the trunk muscle activation according to XCO by curl-up exercise variation (%MVIC)
Curl-up exercise F
Muscle Group - -
STCU LTCU RTCU TWCU PPCU Group Exercise  Group*Exercise

RA CUXCO 74.50+11.71 75.11+£18.34 79.91+14.06 72.12+11.56 78.08+13.33 22.811* 1.231 0.062
CUNXCO 62.17£1198 59.82+1895 65.65+14.85 58.06+15.53 66.36+14.07

10 CUXCO 78.70+£12.96 80.22+14.14 87.50+24.06 84.67+17.58 77.57+2232 5.570* 0.482 2.679*
CUNXCO 6393+ 2505 60.33+27.13 57.62+23.08 63.30+£25.81 64.98+28.01

EO CUXCO 82.22+14.96 92.66+14.00 86.84+16.99 86.85+9.80 79.01+£14.27 8.001* 4.836* 0.604
CUNXCO 71.72£13.74  77.44+1450 79.32+14.79 80.73+8.58 65.67+16.65

ES CUXCO 54.78+18.19  52.18+18.23 55.35+2120 52.48+18.60 57.62+18.70 3.820 0.587 0.745
CUNXCO 40.32+12.22 44.89+9.64 47.54+11.87 4385+13.79 43.02+10.55

CUXCO: curlup with XCO, CUNXCO: curl-up with non-XCO, RA: rectus abdominis, EO: external oblique, 10: internal oblique, ES: erector spinae, STCU: straight curl-up,
LTCU: left twist curl-up, RTCU: right twist curl-up, TWCU: twist curl-up, PPCU: power push curl-up, MVIC: maximal voluntary isometric contraction.

*p<0.05.
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Figure 2. The change of trunk muscles activation according to XCO by curl-up exercise variation, *Significant main effect of group (p<0.05), *Sig-
nificant main effect of exercise (p<0.05), TSignificant interaction effect (group x exercise)(p < 0.05). CUXCO: curl-up with XCO, CUNXCO: curl-up
with non-XCO, STCU: straight curl-up, LTCU: left twist curl-up, RTCU: right twist curl-up, TWCU: twist curl-up, PPCU: power push curl-up, MVIC:

maximal voluntary isometric contraction.
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