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Comparison of Abdominal Muscle Activity Between the
Abdominal Bracing Technique Emphasizing Inhalation and
the General Bracing Technique and Hollowing Technique

Kyoungup Yun2®, Ki-Bum Jung®®, Yongwoo Lee?
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Objective: This study aimed to investigate the abdominal muscle activity difference while performing the abdominal bracing
technique focusing on inspiration (abdominal bracing group), the general abdominal bracing technique (general bracing group),
and the abdominal hollowing technique (abdominal hallowing group)

Design: A cross-sectional study design.

Methods: Thirty-three healthy participants were recruited for this study. The participants were allocated to 3 different groups;
Abdominal bracing group, general bracing group, and abdominal hallowing group. The surface electromyography was placed over
the rectus abdominis, external oblique, and internal oblique muscles to collect the activation of abdominal muscles during the trial.

Results: The muscle activity of the abdominal bracing group and general bracing groups was significantly higher in all abdominal
muscles than in the abdominal hollowing group (p < 0.05) Both rectus abdominis and external oblique muscles showed higher
muscle activations in the abdominal bracing group over the general bracing group (p < 0.05). However, the ratio of bilateral
external obliques and rectus abdominis to bilateral internal obliques was highest when the hollowing technique was applied (p
<0.05).

Conclusions: The results of study showed the abdominal bracing technique that emphasized inhalation rather than the abdominal
hollowing technique or general abdominal bracing technique increased the activity of the abdominal muscles. Therefore, this study
is considered to be a data for effective training if the abdominal bracing technique that emphasizes inhalation is applied as a
method to increase the activation of the abdominal muscles.

Key Words: Electromyography, abdominal muscle, inhalation, core stability, exercise therapy, low back pain

L & Frymoyere} Selby[S|= A¥HAOR 939] 5152
Arl Hao BHwsL Aojslo] S5 sk 4

o =

=2 O

S 30400 Alolo] T2 WSO 5 0-80%  Bfern silck AR st el A 2y
b NS RES AT U1 KEL ST A A7) Gl B T ogEel B4 #5E e

AN WSS RUSAL A AZER EE AL o A3 2 BAE Folk RE FFalcke). By
£ W3] 25 cld Uolsol bd, AY RS DA AR RS FAAYIE WO

AtolM= EL“‘e‘Z]ﬂﬁ]QJ g 55 Sl 259 25 eE71e] isdllT], tEA R B Heo]]
ofgtel iy 84 A 7l Aol W 889 & 7] (abdominal bracing)¥} X 29} 7|H(abdominal
oF dglor ooprjsial QItH4]. sF] &9 85 hollowing)o] SITHS, 9].
ey

of & wlol 7FhY W W4 5 kS Mol M9l Richardsonyt Jull[10]e] laA mekel By B2
b ugso R B50) Uik B4 Wols e JPEe A9 £XY o] BE ®3F 2R 2850

Received: Jun 20, 2022 Revised: Jun 28, 2022 Accepted: Jun 28, 2022

Corresponding author: Yongwoo Lee (ORCID https://orcid.org/0000-0001-9978-1924)

Department of Physical Therapy, College of Health and Welfare, Sahmyook University.

815 Hwarang-ro, Nowon-gu, Seoul, Republic of Korea

Tel: +82-2-3399-1636 Fax: +82-2-3399-1638 E-mail: yongwo2@syu.ac.kr

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.
Copyright © 2022 Korean Academy of Physical Therapy Rehabilitation Science



N
L
-]

Phys Ther Rehabil Sci 11(2)

5ot AR BZo] AYEHo] 5 HER §hof
Ao e ST A uidtei10-12]. &5
gy 7He A5, 5= 29 2F Y glol vl HE
o QHEFom goan BREY 5YE 5 e
TFEH13]. o] 712 858Ae] F5 ol bz o]
a[14], LubAQl st ReEHTh B gAe
Mdsh=dl o 2 s HACHIS, 16]. Hhd E7
Beo]y 7 BT 259 Yo 2He WA
ol BRde 2 =S TE

ok
. [‘9“_',
N

2] FHo) e
71

T A ol e 55
TEe] F 2 FF0] HEES BEsH] WSl
540 2 4 ohjet

o] s g 29 71%4 3}
THI7). MASEoIA B BEold] A HE g
Y APA R ARe] 33 A1 28 wol o

S molm, B5 ndo]y 7We Azke] ¢
ek shcH19). 2k
w1 Beloly 7o) A7ke] EA]
B3 g 7)Enc omq 29

lo

il
E&
|

>

iy

[
;0

e
o
P
>
N
K
:‘N::
)
1
I
o
ox,
mlo
> OIN
N
N,
>
b
_x1
Eo

o] E4 Hl1 o] ¢telo] Frhe B8 Auztg Fol

7} Nouwen 52412 HA552 HA ] P?‘i 5 :LITJ—}
A7t E8Eel AHate yRerEo] WA B, of

of Agelr] Sls) BRIEE0|] mEHor g
Hol aFAE 2 4 sfEief] WstE S "ot
o HH 96 o 2353 x1]7]—
a4 SRS O PPAICE TS, 2] 574
B3 et A7 2850 SR Mo S =
ol7] Erh27, 28]. wepA] B 53 71 % B0y
S AHe3 ) 5718 Zx3chy BH 190 S35k}
zqzv,] 7P/do] ﬁ7]—tﬂ 740]3]- Auﬂgr/].

O|PE ATTIA] ER 2 7T} B P AL
5ol AL 32 B35 A A AP Y

= P E HE-E Felste] B &5 Ao 7)xAF
=22 olgstarat gojct

AT
oA T

B ATE Ao Qi S ofsae] et 91 AR
Fe 49l Wy 3Ee gaom Aasin

B AR SERAA W ARA, Ad 88
B E3o] glom AHe] Wee ofalsta Fa el
AL G A0 Shleh el Alel 71Ee A
Bel WgL olalista ki B2k o] ofF A o)
g Zom AFHE FAo] YA A Sgolt oFE
AR we FPol gt AR sHgict

B aATe] o AR olasty WA ol &
ol Bj5F S0 4B & FolAol A9 4

(2-1040781-A-N-012021105HR)< :
HEO F7]= G*power AJE°]01(ver51on 3.1.94,
Heinrich-Heine-University Diiseldorf, Diiseldorf, Germany)
2 AMSIIATHRIL AT ARS o BR )
ol 7IWIt HF = 7ol B L5 Al vl
2= kS ool Madokoro 5{30]9] Qs HRL
=9 < 7/ ¥t gha F3l 0259 &t 371§ A=
Sttt of B3k S1E AEE S8 fe] S 005,
zjxga 0.8= Z}z} A3t ?i %% HA A ﬁ(ANOVA)

At 30%0] Ugron,

gergg peiso 13 @—S}aiur
o7 Mt
B ATE oA AR BEshe A e
9l W 338E AT ol Fate] msgick. A
B AR A Uol, A%, AF Fol Qurd S
ABsEn MY B 335 AulE] Yaow
o

T Bywe e S S ¥ WAL,
2 QEAl o2 BATe] AT 2ol & A 4o
2 SN 52 SHAATBIL B2 e AAIA
o ST 0% ZF Yol B71E Hxg Heol
A 71 durael Hefold) 71, By F=Y sl
g8 A 18l telAl 247 381K wiE Sl 2
Bywe] Be Tk B2 UL 9okl 2 B



Yun et al.: Comparison of Abdominal Muscle Activity Between Bracing Techniques 247

=
O
i
o
Hor
>
filo
o
1
Ju
o
2
o

of
=

T
1

oy
N
LTI
oy
By
ron

B0/l 25

5 o]y &% e At
32 AAJef| A 85=0] FHof A1H
o A T AFFHE 72
A =Y 71 sl 9ol
60 mmHg®| ¢&L {FAsH=%
| AFso2 S0k AAE HH
HH ZHE 1850 $£E3EE sl
= 3 80 mmHg= ArSA|AA 8|3}
Ak AE FE 5T sl &2 o,

= 358 Y3 dA S0 " ESE
T BYARARE £71OR R ST F0 A

ng{’ |
i = g

ic)

il Elo{a
N

o
o

vy

o
f
il

A

e
S
1o T oN

ot

o
(o]
-—
@

—
w
S}

i

2

| A1

ot &
2
>~ O%
Eé‘éoﬂ
ok
Moo
l.[‘u_l

o ¥
i)
2
-
=2 ]1_?4
ot
o

|

of 1%

ol
-

]

=
&

o

@

i
To

o

m

Ir o

He o rp

al
WOl Slelth. tAARE 48 SOl ThAn BaE
39 Hrj 3712 fASEE spgon Bade] BE
e [e]
o

M s s 527t
she] wEAoZ 33 =

22 L30/y 28
Aybeel HR BEo]d] &5 Y YA s
& 0% TR = AAolA 2o Hdj Al
BT A FrroR A F HEE
A0l qre AR Eeel 7178 le) R9lof ¢
A% F YeAR 60 mmHgo] S GAFES 3}

i)
ol

[e) o
= A

ol AFH o2 Sojrhs A B

k. Bl 3
FE Fol BE FUR L8 E0] 2534w S191[33]
Qreidle] S 80 mmHgR ARSAAN fASHES
Sheia 527k 94 Fol 183k AL Fsie] pEo
2 38 AAlskict
2o g2y 18

=5 g2g 2% e o

AL R 0 T
Il 2 Ao A 250] o Ay HFPRE 9139
A e AR 7t AFSHe FAIRE AdHI32]004
F= A EH Q] 7]9K(StabilizerTM, Chattanooga Group
Inc., Hixon. USA)E 3]2] £9lo XAZ] & =4
2 60 mmHge] 4ele FAStES shgich HE, L3
aela B A glo] HEE WS FEwA o

T 0O o= i O [o2hun IR EY H—%—S}Eﬂ/ﬂ
AWE o] ol S A o Pi FukA

e AmoR G FUATS W 5F T 5 A=
S BES ANTATH3. BRIHED}
20 B 9] S FNARE HAYE
T REoR BUATE P £EA7E AL BY
W29 25 R 2 mgol =] wEolr

S SASHAL AT A5o FE F=ZE(sampling
rate)= 2000 Hz& AA81T, 2k dZL 20-500
Hz= s1¢lch 2 A-toli= S3% 459 4% 4l
35 2HAE AZEY(Myo research 1.08 master
edition)E ©]835}o] AuF(full wave rectification)=
Z2]8t & RMS(root mean square) 250 ms ZFS 5}
ATH36].

AFY RE QXL GBATLS FEEY 57
Aol 2 em 4L £ THF BASES ALO
2 RE g, WEARS ARl % uE
©2 27} 2 em Woldl Aol 2 em 1AL R 24
fot HAokES Ao FHLCH6). BHLL u)
T AHE7IE ol £ FUHOIA 2 em @ A<
W1 9] S8 BejRo] FASHICH3T). WF AFL X
astsb] Sfate] AFS RA] A ARG WEs)R
Y gt FES A sk gme $o= AT REw
918 7o) Hrote] WRo| 7187 Ei olBUL A

A% F AT 22 shrH3s).

AAe 2HE dlojele] Asknormalization)

2 243t 242 98 thae) S uEA,
P2 OEARL, FE BAle] A Rake T 24
gow 7 280 24 AL vk e A4 o
ARGl AR Ful mie ANAE TR

Ak Ea 9 Aol A FEE 90

N rlo
- T
.

T =3 A7 45 B AR v ARk 2
|7

g3l STk BEART QEARe W)
FAR A A7Ee Hef 23 A7l gm0
2o AR BIAAZ A4 BlHe] wiopere
ool A Agstel 24 HULH3L Hitah
o 7529 9% 3 45| 122 A5k el A



248

Phys Ther Rehabil Sci 11(2)

o] 7hed 3% =
A = ZFOF o] %MVICEES 2 %

=2 =4

2 A9 2E A sAE 4= sAZE
SPSS(version 25.0, IBM Corp, USA)S ©]-8-3}o] 3
3 EE BAE AEstoH gl Qs 54
e BAE AR
d_ Al th/dAt= Shapiro-Wilk B4 AE5S stReH,
2] BU4L BIsk] el TolAlE 1A, A
HHil A2 (one-way ANOVA)S Al3sH3ie:. H5

>
N

AT

rlo M o

J

YR EE B8 28] vgS dobns] fs) B8

of
Fmo) /Y, BE vdoly s, §/1E Bx By
7]

7lMlo] B o] I gmel A5 B g

AT AR F 3399 49l ol AT iy
Aol Ay EAS chgwt Poh BE WA A 1
B 9] 203 ol7k ¢3irkp<0.05)(Table 1).

S ] T s 35S @ ase

a9 BA70) 2 BARE B3 5740 mE AL

24 Awt 3718 Bxe HE ndold sHAld

B gwe) /R FofRt F71E BAm(p<0.05),

shael B mefold s]uel s & AEE F7b
)

111

Helo]4) 7| Al 7HA] 2oz ddufx] E4hEA
HAFHRE ANk RE AR BAE gof  WH(P<0.05)
TEL p<0.052 st

el=AE

249 ool DFHEE HE £E7|He] wE

AT B AT 518 BT By ndely 1Al

Table 1. General Characteristics of Participants (n=33)
A(m=11) B (n=10) C(n=12) x*F(p)

Sex (Male/Female) 5/6 7/3 8/4 1.612°(0.447)
Age (years) 31.18+6.04° 30.80+4.78 32.834+4.13 0.520(0.598)
Height (cm) 168.91+8.59 174.30+4.59 175.42+5.80 3.120(0.059)
Weight (kg) 64.18+12.96 69.00+£11.56 70.83+7.44 1.140(0.332)
BMI (kg/m?) 22.42+3.58 22.67+3.48 22.71+2.98 0.105(0.901)
Note. A =Abdominal Hallowing Group, B =General Bracing Group.
C =Abdominal bracing group. *“Mean+Standard Deviation, bChi-squared test.
Table 2. Muscle activity in conditions (n=33)
%MVIC A (@m=11) B (n=10) C (n=12) F(p) post hoc
Rt.RA 10.26+7.15" 19.67+3.84 25.63+12.79 7.921(0.002) C>B, C">A,B >A
LtRA 11.45+8.29 21.45+6.58 32.5+15.54 9.776(0.001) C>B, C'>A,B >A
Rt.EO 11.88+9.00 31.92+10.83 45.22+19.47 19.307(0.001) C>B",C">A,B'>A
Lt.EO 19.60+10.28 36.91 £ 6.08 48.55+15.80 20.162(0.001) C>B’,C">A,B >A
Rt.IO 27.53+10.15 40.38 + 4.99 57.68+14.52 33.374(0.001) C>B’,C" >A,B >A
LtIO 24.91+11.53 35.97 £ 9.64 55.28+14.18 22.792(0.001) C>B,C">A,B >A

Note. EO =External Oblique, IO =Internal Oblique, RA =Rectus Abdominis.
A =Abdominal hallowing group, B =General bracing group, C = Abdominal bracing group.

%MVIC =% maximal voluntary isometric contraction. "Mean+Standard Deviation.

*Signiﬁcant differences from other groups(p <0.05).
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Table 3. Ratio of muscle activity of superficial to deep muscles (n=33)
(%) A (m=11) B (n=10) C (n=12) F(p) post hoc
Rt RA/IO 28.44x11.51° 50.17+13.32 42.88+19.97 9.135(0.001) C<B,C>A",B>A"
Rt EO/IO 33.03+20.26 73.94+23.37 86.10+29.44 14.045(0.000) C>B,C>A",B>A"
Lt RA/IO 37.06+18.06 59.45+17.63 60.16+20.62 5.315(0.011) C>B,C>A",B>A"
Lt EO/IO 39.13+18.74 90.85+26.16 93.21423.26 15.587(0.000) C>B,C>A",B>A"

Note. EO =External Oblique, 10 =Internal Oblique, RA =Rectus Abdominis.
A =Abdominal hallowing group, B =General bracing group, C = Abdominal bracing group.

%MVIC =% maximal voluntary isometric contraction.

*Mean+Standard Deviation. *Signiﬁcant differences from other groups(p <0.05).
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