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Purpose: The purpose of this study was to provide pilates participants with real-
time feedback about their intentional abdominal muscle contractions to enable
them to practice these contractions in daily life. The study also investigated the

?;T:ei& 10 6485 1480 effects of intentional abdominal muscle contraction accompanied by real-time
Fax: +82 42 712 8599 feedback on body composition and trunk stability. Methods: Thirty-one pilates
Email: sjh2356@hanmail.net participants were divided into an experimental group (n=16) that was provided
Received July 14, 2017 with real-time feedback and a control group (n=15) that did not receive feedback.
Revised October 16, 2017 Participants’ body composition and trunk stability were evaluated before and after
Accepted October 31, 2017 the experiment. Both groups performed pilates exercises over an 8-week period.
Published March 30, 2018 Only the experimental group was provided with real-time feedback on the changes

to their waist circumference. Results: During body composition evaluation, the
experimental group showed statistically significant declines in weight, body mass
index, body fat percentage, and waist-hip ratio, whereas the control group exhibited
no statistically significant differences in any of these variables. The experimental
group experienced significantly larger declines in their body fat percentage and
waist-hip ratio compared with the control group. On trunk stability evaluation, the
experimental group showed statistically significant increases in trunk extension,
trunk flexion, and the left side bridge after the experiment, whereas the control
group exhibited a statistically significant increase only in the left side bridge. There
were no statistically significant between-group differences for any of the variables.
Conclusion: The experimental group, which performed intentional abdominal
muscle contractions with real-time feedback, showed improved body composition
and trunk stability, including improved body fat percentage and waist-hip ratio. These
results indicate that providing intentional abdominal muscle contraction in addition
to pilates exercises could provide both physical and cosmetic benefits, assisting
practitioners in providing body shape and trunk stability improvements.

Keywords: Pilates, Real-time feedback, Body composition, Trunk stability, Intentional
abdominal muscle contraction

|ntr0ducti0n st 4] A& gojxalth(Park & Kwon, 2011). £3] Z=3t
Bk v gRet ohfal Aol L QJere wjAr, v]

glovt  whe 3] ZWIR T ofslel @ 2Re] 01183 AFETHA

e FECE U9 HEt, G Ak EReEH 58 P8 (trunk stability)o] AsHEIL BHYE]
529 g8l 43 b w JTHKOSIS, 2017), ANBE 55 WAAZICHNeumann, 2010), AHASS A7 979l
o] BEL2 AIAo] 71, 55 A AshE 9 ofgthEat A7l tigt Be EoRAL )le ol Rt AR

AirtElE 2o e Jd) FRE: A Fea

ol
ki
gk
©
kI
N
el
olX
» ol

Copyright © Korea Institute of Dermatological Sciences.

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



Effects of Daily Intentional Abdominal Muscle Contraction with Real-Time Feedback on Body

Figure 1. Picture of wearing a waist circumference sensor.
(A) When the subject’s waist circumference increased above
the reference value because of discontinuance of intentional
abdominal muscle contraction, the sensor in the main belt,
which sensed the length change, was activated. Upon this
activation, the main belt generated vibrations, providing
feedback to help the subject perform repeat abdominal
contractions. (B) If the waist circumference decreased
below the reference value during abdominal contraction, the
vibration stopped.
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% ¥ (abdominal bracing maneuver), HlHE7]7] W

(abdominal hollowing maneuver) S°] th(Beith et al.,

Table 1. General characteristics of participants

2001; Mew, 2009; Urquhart et al., 2005). ©|&3t SFHH
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A EHAE o] 83 THA= THE AT E o]-&dk= U,
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Methods

1. 95 THAL

B AT A SUAC AFSHE 4 AYN=3)S
oz shint AT AES A3A 2 2EEA W3l
G AT B oolE FH3 olshstu whE 4 glow &
ofol FOI% AR Shck, ThAe) QA Bye
3 #fol7t Y9iekTable 1),

2. 17
1) MEiE Y 2YET
B AL Bekels 25 Folshs S FA9 ML
(N=31)

Experimental group

Control group

(n,=16) (n,=15)
Age (yr) 38.3+7.8° 40.7410.5
Height (cm) 163.443.8 163.546.2
Weight (kg) 57.0+8.6 58.5+8.5
BMI° (kg/m?) 21.3+2.9 21.8+2.4

®meanzstandard deviation; "body mass index.
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ming AXSAHTable 2), €5 ZEIRL 1]F 2 PIA

stk didRtelA & e A 22 B=gt =50 HA 4 (pilates academy international)®] FAZZIAHE 7|gto 2
== 9k, AT RS 715A SEL nestel B At
ERIL 53 o] Al F{EEY| o] AolE gotR] ¢ (Kim & Kim, 2012).
3 20 W R dulzAE AR, QEd 2o
Table 2. The pilates exercise program
Iltem Exercise program Times
1. Breathing 5 sets
2. Imprint 5 sets
Warm-up (10 min) 3. Coccyx curl 5 sets
4. Shoulder bridge 5 sets
5. Curl up 5 setsx3 sets
1. The hundred 10 repsx10 sets
2. The roll-up 6 repsx2 sets
3. Single leg circles 6 repsx2 sets
4. Rolling like a ball 6 repsx2 sets
5. Single leg stretch 6 repsx3 sets
1. Double leg stretch 6 repsx3 sets
2. Spin stretch forward 6 repsx3 sets
3. Crisscross 6 repsx2 sets
Main exercise (40 min) 4. Open-leg rocker 6 repsx2 sets
5. Swan dive 8 reps
6. Spin twist 6 repsx2 sets
1. The side kick series 8 repsx2 sets
2. Teaser 8 reps
3. Swimming 6 repsx2 sets
4. The seal 8 reps
5. The saw 6 repsx2 sets
6. Push up 5 reps
1. Head nods 8 reps
2. Scapula 8 repsx2 sets
3. Hip rolls 4 reps
’ 4. Breast stroke 6 repsx2 sets
Cool-down (10 min) 5. Cat stretch 6 repsx2 sets
6. Shell stretch 6 repsx2 sets
7. Piriformis 6 repsx2 sets
8. Child pose 6 repsx2 sets
http://www.e-ajbc.org 64
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Results and Discussion

selEeHet 749 WAL BASEY AF 7ol uhet
A4 ek HAsto] Theat 2 F3HE A9THTable
). ARZe AY F AF ALPAS, AALE, BAwE
BEOA HOI% A4E BETHp0.05). HETNNE AF F
BE R4 et o)k geict,

AP A BN T 27 RE I

@
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BollA] §olg xfol7} 919
o 49 F el F a7k AXUED 2EAUEe fofst
A 22 9IeHp0.05). ARk AFT AW SE FoIFt 2

Table 3. Body composition before and after pilates between the experimental and control groups

Experimental group

(n,;=16)
Pre 57.04+8.57°
Weight (kg) Post 55.74+8.10
t 2.818"
Pre 21.33+291
BMI® (kg/m?) Post 20.87+2.57
t 2.484"
Pre 30.69+3.11
PBF° (%) Post 26.95+3.45
t 5.576"
Pre 0.85+0.04
WHR® (%) Post 0.83+0.04
t 3.938"

Control group

(n,=15)
58.54+8.56 -0.48
58.44+8.72 -0.89
0.450
21.82+2.42 -0.49
21.79+2.45 -1.01
0.308
30.6815.33 0.01
30.25+4.84 219"
1.048
0.8620.03 -0.18
0.85+0.03 -2.05"
0.667

meanzstandard deviation; bbody mass index; “body fat percentage; “waist—hip ratio.

"p<0.05; “p<0.01.
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AAlol|l A theat 22 AIE AtHTable 4), AP AY
T B5AA, B2 S Alols ERRA 9% SIS
HAhp<0.05). 3HA|TE, 5 Atol= BRIZ|ofA = ‘n-—~]§l' 2t
o|7} gllth. oA AT & FHE Alo|= HIR| A f
3 S7HE BHAU(p0.05) HEAA, 582 19 &
Aol E BE R0 A= §-23F Aol 7L ¢l

A A FrhA T 2 B4R, FeaE, A5 AolE
BEZ|, £5 Alo|E HER] BE {O% 11'017} Sl AH
T B M= BE FEOA 43t o7 Gt

datelA s AA Y F435S et 259 435 7
At 523 55 00 Hofste 52 A Bt
3t ofErhe EuE THEo]&EtH(Yu & Kim, 2010), 23}
sEla¥ 255 anyo g ARgstr] fJeA tiES(global
muscles) 2 tF FATES HA $535101 2| &HH 02 AMES|of
Stk (Ferreira et al., 2006; Thompson et al., 2006), 1&]iL
slElFRe Sl 42T AREY SASEEE BAUY s
S B3 939 AL Z7MX 71K Arokoski et al., 2001).
olFFt AR AT T IKY FAFEFE SV
AZ17] Q8] Ay 252 da 54 &9 W] dasirt
(Hodges et al., 1997; Tsao et al,, 2011), ¥ AT A= t}oF
g2 W F 20 SR HEE77] BEE AARelA
W89 H(Urquhart et al., 2005).

zww PR
NS A2 A FZE E 17k A

ZAE XS 183
(Kent et al., 2015)
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AT Folle B 552 A9 o1 efeth theb QAR B
Basze gEst Hude] Basty ol AN F
Basze gusit deEd 4A71E olgstdrt. s

A7 710 o sold B¢ A9 Sle 2ol st Al
ME Sl ARt Ags ARG A B 531
SEEAE A7 FE2 Qlolxinh, Tk # d7= 2
2t & Aol A F7H2 o2 AR SelEHet 4
A9 AAIZE HH UL 087 QA=A EeSE AlEstt

AA R SH2 AR 2471E o83kt AARAdS
F2 AL o]e] 208 RSt AFoA A ATl
AAohe HIE (D)2 ARETE oj2d AARAES AN I

I A% AHE Brlsked AR-ETHKim, 2011), AGE &
719] E7H AFA|4=(intraclass correlation coefficient: ICC)

L 0,928 o}F =2 420 AZEE BYchDolezal et al.,
2013).

=& BAAE Hrlslr] Y3l 2ol 2AFE AARE AASH
B 4L Hrkeh] fal thkstA A e 2
Axy, AT HAL f94 AAL 2524 A4 7158 A
502 o]F0]A QltMPanjabi, 1992; Shamsi et al., 2015).
Ao A= McGill et al, (1999)0] AAT BEAIAH, B52
FEY Abo|E HRRE o8& Y] 7HA] SFRAE AAIst
ot o] &4 W2 I ATt 0.66-0.962 F5%
e =2 HZ271R] o] AFEE B rh(Waldhelm & Li,

1

4magmr+n:4ﬂ,_\1

2012).
B ATE 94T F ANT HEYS o8t el B
T 530 HAE gohur] 9 *hilé*éﬁr BE 434 WA

2 Aot dRkilEe] 55 IS Hldf a5 259 £ AN, AARA AARlA AdEE A, ALZFAS,
FHo| T8It AL ¢ UgolE &F A AT @44 AALE 13 BRAYE 2E ?‘%}3011*1 frolgh g Ho
Table 4. Core stability score before and after pilates between the experimental and control groups
Experimental group Control group ¢
(n,=16) (n,=15)
Pre 37.6219.23° 35.80+6.61 0.62
Trunk flexion (s) Post 41.68+8.37 38.20+4.98 1.39
t -3.546" -1.718
Pre 45.00+8.10 45.93+7.21 -0.33
Trunk extension (s) Post 49.06+8.09 48.06+9.25 0.31
t -3.470" -1.554
Pre 24.42+6.33 23.27+4.29 0.59
Left side bridge (s) Post 27.07+5.90 25.59+3.34 0.85
t -3.539" -2.545"
Pre 26.70+8.13 23.98+4.43 1.14
Right side bridge (s) Post 28.15+5.73 25.70+3.43 1.42
t -1.310 -1.421
’mean:standard deviation; 'p<0.05.
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ZFAtHp<0.05). Park & Lee (2009)= ool A Date 2 &
ol As, AANGL, BERALYE 282 A-FAF7L st
L Aoz Bty on, Kwon & Kim (2010)9] @t dat
HA 53 AL ES I FEet9S o AS, AALE,
AA=FA 7} foJetA FaE ok stgiet. o3 Ak &
Aot FArstThaL & 4= 9k, 3kAIEE, Shim et al, (2011)-2 H]
T dolAl DA 252 A8e T AT AFdFA S, &
FAGE Fogt avt §idinh ol AE ¥ &5 T2
71t d B= JEIL F7HQ1 &5 AlFol T2 EHE°1 A
o7 JZHET A ¥ F 27 HrtlA AFa AdFA =
frolgt zpol7t gllout AALEY ERALES AFTol fH
ZAET {5t AE HAF o2fg Axh= defga
5 YA BILES A AAE S o addS
ofujgic},
55 A FAAbA AP & Alo|E BEEXE A9
3t BBAA, BB EF, S5 Abole BIA A o3t TUHE
20(p<0.05), iz AT & S Alo|= B3R
AR o3t F7HE Bt (p0.05). FAALE o3t Aol &
Ho|z] E3IPAT F o BF AY T AA| 1] A7) F7t
atg.om ol Aite date|A 50] B Al At
U 9ulgit}, Yu & Lee (2012)9] Aol A= 8527+ Lt

AE o] g3l Fo] QM3 50| a1X] Q] I} A HA B
ZhlA Gol3t Z718 BolRn 2 A7 Ao}l SASH
o

= olel] A SRl $ ol
292 o s A7 1 23 1
e M

O]—X—]k].‘l Ziy].Q.Q_ Eo:]_%_sdl:]- ol.‘:
20 9% 29 wro
R} S SJulaith, 2 AFME o gmEr ohet
olut 34UFT o] S ARSIk Hoi2 %) 28
HEE ZAste] 71 BF gt £ ulE d7vt Ba
& olt},

Conclusion

3 AARE HYde T d=F &
orES 559 ‘&@‘é——i—’.—- FEA7IL ARG EY ERAGE
S  BE Fo. B 5 &
L T HHY AT EFES FEste] B 250 B
. °1E B8l EFlA o
UAIE ARSI 259 & SRk AN gl 9= F

= AR Amdn, g A 250 A A=A 52

_l

Zo] xﬂwn}m olgthe BuhE Slat nlgHl Wt BE o
HohE B A4H W B AN Rolet,
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