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| Abstract |

Purpose: This study aimed to compare the contraction ratios of the abdominal muscles and the preferential activation ratios
of the transversus abdominis muscle (TrA) during the abdominal drawing-in maneuver (ADIM) in the hook-lying, sitting, and
standing positions.

Methods: This study included 30 healthy participants. The thicknesses of the TrA, internal oblique muscle (I0), and external
oblique muscle (EO) were measured at rest and during the ADIM in the hook-lying, sitting, and standing positions using B-mode
ultrasound imaging. The contraction ratios of these muscles and the preferential activation ratios of the TrA were calculated for
each position.

Results: The contraction ratio of the TrA and preferential activation ratio of the TrA during the ADIM in the hook-lying position
were significantly higher than those in the sitting and standing positions (p < 0.05). The contraction ratio of the TrA during the
ADIM in the sitting position was significantly higher than that in the standing position (p < 0.05).

Conclusion: The hook-lying position tended to facilitate TrA activity better than the sitting position. Furthermore, the
sitting position tended to facilitate TrA activity better than the standing position. These findings suggest that the ADIM
in the hook-lying position should be implemented before that in the sitting position and that the ADIM in the sitting

position should be implemented before that in the standing position.
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¢l14|o] EHH(abdominal wall)}& E-7}(abdominal
cavity) & RE3}al A3 7]5-2 5h, m)E, v}

ZZ(subcutaneous tissue), &F7}1Z& v LS(anterolateral
abdominal muscles) 5-9] A ZZ o072 LAE o] It}
(Pachera et al., 2016). Y712 w2858 Z¥|dAET
(costal cartilages)™} 53] 2]<L9}(thoracolumbar fascia)
2 783 &2 m(umbar spine), QP SAl(iliac
crest), T M (pubis)o] A-8& A4 H-Q|(fibro-osseous
attachments) & 7}X| 1L o], 32| Mo} ZuhS 2% 0]
Y4 A= 543 98-S drh(Cholewicki et
al., 1999; De Troyer et al., 1990). $}7}1& vl 2S5
RS S SR R ERER R TS
g, o] & i< ElY} viEpPE RIS Q119 of 2] 24
of 2o AAUE AISE
(multisegmental global muscle), W7} 22-& ZFzFo] &
Hof| maxd oz BAE Qs SI55
th(Kinsner & Colby, 2012).
w7bm o) A dele =
s =YKo SshE 4+
N EERLE A BERCET
(sacroiliac joint)S Yetsln, 7+ J L 53
o] A2 o] 7]oJtrKRichardson et al., 2002). v 7}= L
of 1A ol Hite] gL sk Bt By
U (intra-abdominal pressure)S &7FA| 71t E71E
BRURRE hejo] HlRaS BRREo R Wyt
Hom agetel S52aure) 4o F7h7n
AuHoz el RS TN, B2} 2t
A7) 9170t TR AL WA buekling) W A 29
Z219] IFE 93t (Cholewicki et al., 1999;
Kinsner & Colby, 2012). Hj7}221-2 EAISHA7]7] 9
A o] AMEEE o] Hi =& (abdominal
dmwing—in maneuver, ADIM) ¥-5-0|t}. o] 852 35
H(lower abdominal wall)y2 235 3] =27
Ho}ww Y02 AR, B 42
o 520 AT W7t

=

o ope gumage Azsy) 98 netslct
(Allison et al., 1998; Teyhen et al., 2005).
I%9F QJAA 0 2 ADIME =351= AJZF ZJA| 2
H AP AV 2 A slolA 25k o] A
£ 7595 =8 AH(hook lying), A= A4
(prone lying), W|%7]7] A}Af|(four-point kneeling), ~12]
3 Hol 7|tjo] Al(wall support standing) A}A]jo]th
(Norris, 1999; O’Sullivan, 2000; Richardson & Jull,
1995). Urquhart 5(2005)2 A= =& Ao H]3]
58 75213 - A4 ADIME 434] w7}
o] REAET B E9H, §E FRAT e A
o 4] ADIME 4343 uj Tk 220 u]3] vz}l
HejE oz BAskE 4 9lee Bastirk ol ¢
Apol A FALoA ADIME 7423 1) B2 R
& A Tk A Aol A 47 bR ae
B 4 glemz ooy o] ZHA] 1A Fofl A
5 YL & AAE 7P WA AEsfjof sk
= Qu|gtth ey YA 715 el S

;ol AL A g AL A Aol
5 MM E Wtz 245H717] S

.dlﬁ%ﬂm

711 4L ATl ADIME Zj23of itk Qe
2 g APl A A 58 T g Ao
Hla) Ho] QPgAS sty $18) deln Hupe

AN B A5 919 Fe 25

7] 4| H(base of support)®] 7|, F-AZ=Al(center of
mase)e] o], Solg el wol Sof ofa) ekd 4
Q) tH(Cholewicki et al., 1997, Crommert et al., 2011).
Miura 5(2014)2- 773+ Al 90| 9l Alde
oo g PRED w8 A, g AL A A
AN Wk S| TAMSHE Ao, abs
WIS A o) 7} Ale] F] At ofd g
213 8 Ao FAl AlthE FE0R Adkele] 7}
Alofet stk W7k e) FAA £AE el

A SEaholet. Wb & PR R A4 ol2lo]
re. Alek 41 A4 ADIME -63 uj 7} 24
o] FA Hi7tR Y TEAZ wrAg w7tz 2ol
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Koppenhaver et al., 2009). T=3}
3 BRD S wels 27189 9 Amagnctio
resonance imaging)¥} -4 = (electromyography)2} &3+
Kol tpob 8= o) X ER AFgH L 9lrkFischer
et al., 2000; Hides et al., 1995). wafx] 2Su} FA+
24WE olgstol RE PREL o A4, gk
ZHA, A ZRAell A ADIM: =3t uf vizkzo] &
AEE vws garl ok weka 2 o] BAe
S5 THEAD e A4, 9 A, A A A
g2} ADIMS 42331 59t 230t JARS: S35 izt
CERN ES R NS ERET TR 2
S AAME o gt ADIM 3JA] o] 1859 =
£ v|wdl= Aotk B oo ypAde ne 1ugy
=9 AN o)Al ADIMA] Hj7}2Lo] 423 ] ok
AR Al AR vl 2 Aloleh Wi HLE AA|]
A ADIMA] B33 sl o] S vl 2ol
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Aol|(systematic neurologic disorder)”7} Q)= AFEo]3]
o} A AR gl sk 2l Y 30709 e
o, B ALE A2}sl7] Hof] gAEREEH EAR

o

H A FYAE B o ZEE Qo At
s T HA= 167, oAk= 1470910, Het ol
2LIA] o, AA AR = H 234900 1
ARHA 54 o33 ZQLtH(Table ).
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Table 1. Demographic characteristics of the subjects
(N=30)

Characteristics Descriptive statistics quantity

Age (year) 21.07+1.36°
Height (cm) 167.40+£8.22
Weight (kg) 65.73£11.59
BMI® 23.3843.33

Sex (male/female) 16/14

*Mean£SD, body mass index.
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Fig. 1. Measurement of abdominal muscles’ thickness (1D: distance from
medial edge of transverse abdominal muscle-tendon junction to point
of measurement, 2D: thickness of transverse abdominal muscle, 3D:
thickness of internal oblique muscle, 4D: thickness of external oblique

muscle).
T o2 AR WAs] A ok 3029 FAAHS
ek oA sto] 7t kAt RE AFS Seet
o) oF 2028] A7i0] 2.8 E5ich
2) 287 YA 2% Y
280 A4 Z4S 913, B mode?] TXE e
[e]

Z21} AH|(UGEO H60, Samsung Medison CO. LTD.,
Korea)& AL}tk o] o) AMg:3 271 80m 2
0]9], 1~THz F34E 7F 34 ==AKconvex
probejo ek, AT & Aol 285t Fare
AT o, 75 52 =& AAll(hook lying)ofl A iL

e 45° B2 o0° E3stal T2 58 Hof vt
| £ AplE Fakick o] Aol BRE el

¢

ol

285} AL HIE ¥ 2890} FEAS Fof BEs
QAL BB BEA] 1K L vSAS 123

b

§ 2] ofgfjofA Ze& Zulko] Jm FAl(iliac
crest) Alo] 9] A =X (anterior axillary line)2 wha)
7}2 2 X A|F tHRasouli et al., 2011; Reeve & Dilley,
2009). o] wf ZZu} GAfol Al A 2] ErH A FE

NRZ PFFOR 27t g, AN, wske

o= gstaL Hi7tEE e -dE dEAHY O

7Pt el medial edge) H13HAT. o] Afo] Ho]
L BN RS AT BAT F o] Ao kA
SIHAIA F4) Aehel ADIM Aejol A 22} 334
Ashetek. ohe ApAlet A Aol = o]k
o= gAMo] EAH AWl 28} B
71%) Aol wket 529 91207k et

A
S A T FEAE oz Sjol
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9%
1=]

THE AL e A2 FA G A 5t

@ o
2 Hu 0

EIE=DUSA HHHH’% Ho] FAE 5785 tH(Costa et
al, 2009; Miura, et al, 2014). o] |, 7} 5-9] A A4
of ol Ao Fuks AeJstar I ks A 7HA]
AFE 239 = S = Hcallipers) & ARS8l &
FAE S45H3ichFig ).

3. AH H:él

~S

HI

2 AelN suE 4rE EAHYS] 99,
SPSS ver. 25.0 32 13(SPSS Inc., Chicago, IL, USA)
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< Aok H3A=E] Uol, A1, A, BMI9|
B FFHAE ERls] S8l AsEAE ol&

otk w3 A WX 24T 7 2% S g
HEEE Fels}] Slaf ICC (NS ol4sith 2%
9] 4== H|(contraction ratio)?} vj7} 222 Aeiz £
S5-85-E(preferential activation ratio)2 HQ13517] ]3|
X8 o 4LE(Linek et al., 2015; Mannion et al., 2008;
Teyhen et al, 20050 wfe} T3 28 A2 o] g3kl
o (1) 5% v] = ADIM $eke] 257 - 54 A
2570, @ vibRe) HEd D885 E = [ADM
Foke] w7kt 7 + (ADIM re] Wb
S+ Mg A + kR S - [FAAl)
W7 S + (AN bR S + vl
2 50+ vk )L o] ARl FA] 2
e 7t Be FReln g A, 9Ee A, A A
o AN A9 2EAACE. 7F BEze] s%u|o)
wlEe] Ml 2SAEF| YFEE ojiE o
olgl7] Ydf FRIZI-Au|E kI (Kolmogorov-
Smirnov) 785 HASHT 7} BRI 5 B9}
w7l ae) AEY TeYE R B2 el e
AR, SE2 ZEA, A ZRA| ZHel] 2fo 7} Ql=A] BRlsH |
oaf, HkE=Aw 2 g o] BLAME A (one-way repeated
measures ANOVA)2: AASFE I, AFEHAOZ = B
#H =Y 47 Bonferroni correction) ARE-SFT:. 57

B Go8RL o =005 HoHT)

1.

e

- Zut

Al 1 HERste] S4%E 250l Jit SAEA

AlE® HAF A3, W7t RIS B8 AR R
ZpA12] F-A] Aol A] ICC 0.87, ADIMA] ICC 0.850]9)
aL, QR AA|S] Fr4] Aol A ICC 0.85, ADIMA] ICC
0.850]%1om, A A 54 Aejol Al ICC 0.83,
ADIMA] ICC 0.900]¢ich. vi<&HlES 8 7ol
=9 ZpA|9] 4] Aol Al ICC 0.95, ADIMA] ICC
0.920]9131, ¢k A1) 4] AFEfellA] ICC 0.94,
ADIMA] ICC 0.930]¢1.0.1, A ZA| 2] F-4] Aefof 4]
ICC 0.87, ADIMA] ICC 0.850] it} ujupzsl .o &
S R R A T4 Aol A ICC 0.89,
ADIMA] ICC 0910]%13L, ¢h-& AFA| 9] F4] AgefoflA]
ICC 0.85, ADIMA] ICC 0.790]3}.0.1, A zpA|2] F-4]
ALgjo] A ICC 0.76, ADIMA] ICC 0.810] 9]t}

7k ZpAo) A A ARA9F ADIME: 4235 E 7t
v Z7FR L, w8l wiHPZEIES] 7= Table 29}
2ok 58 R AL 3 AA, O &AL A ARA)
Zro] FEEAE A QQIEAREA A3l A 712 ZJA|
Lol vi7F= O] 5 |9 viZFR= O] e A &
LEEOIA 93t 2fo]7F UrETtHp<0.05)(Table 3).
2 W2y F3A A wi7RTe] 5 vle 58
I =9 ZFA(1.88+0.55)7F &F2 2}A|(1.52+0.27)9]
H3 o &3t (p<0.05), 5 FH AL =& AAI7F
A ZRAN(1.30£0.24)0]) H] 3l T $=3LoH(p<0.05), oF
AA|7E A ZRAol] H]8) B 9k tHp<0.05)Fig. 2). vl 7}
29 AR 2885 ES 5 R =2 A
Al(0.08+0.01)7}F k2 ZkAlI(0.05£0.01)0] H]3 & =8k
1(p<0.05), F5 FHRYL = ZAZE A A
(0.03£0.01)0f] HJaf ] =A YERGTHp<0.05)(Figure
3).

¢

E

Table 2. Muscles thickness at each posture with rest and abdominal drawing-in maneuver (N=30)
Muscles Thickness Supine Sitting Standing
(mm) Rest ADIM® Rest ADIM Rest ADIM
Transverse abdominis 2.87+0.85° 5.18+1.50 3.90+0.99 5.81+1.40 4.13+0.98 5.32+1.38
Internal oblique 6.72+1.62 8.73£2.70 7.49+2.11 9.84+3.04 8.02+1.91 9.92+2.06
External oblique 4.61%1.16 4.27£1.16 4.11+83 4.03+0.89 4.67+0.80 4.30+0.81

*Abdominal drawing-in maneuver. "meantstandard deviation.
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Table 3. Summary table for the one-way repeated measures ANOVA

TA? ratio
Variable

10° ratio

EO° ratio TA PAR‘

F p

F

p F p F p

Posture type 20.32 0.00"

0.88

0.42 1.75 0.19 19.96 0.00"

*Transvers abdominis, “internal oblique, ‘external oblique,

*

—— ]

[—1Supine
[ Sitting
I Standing

0.5

Contraction ratio

0.0

Supine

Sitting

Standing

Fig. 2. Contraction ratio of transverse abdominis during
abdominal drawing-in maneuver at each posture
(p<0.05).
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2 AFoA 5 R & A, ehS AbA,
A ALA €] f‘”—WS&} ADIME 35h= 54k Al |
243} 2170 AFEL Hj7E29] A2 [CC 0.83~
0.90, <8I ICC 0.85~0.95, vjHpZ8lZ2 ICC
0.76~0.91= YepgT) 2 A9] A2k Miura 5
(2014)0] 75 FRE|AL 1@ ARA|, b AA, Al ARA
9] ZAIX 9} ADIMA| Hi7FE o)A LFeRA ICC 0.96~
0.999] H]F A= Wekth 8L} Rho S(2013)2 &
TR g A 9] FAIA9F ADIM =314 54
H2O] AFEE ICC 0.62~0.952f1L ¥ i13to], 2
TFol A vEhd A==t fARE A0S YERTh
Koo €} Li (2016)0] 2J3}H, ICC 0.75~0.902] ¥ 2]o]|
&5 $2 AP ekl Friste], & A9 AlEx
FZ A= & 4 ik
ApA|of| WE ADIM 34| HF0] T12Hd
B3}, Chanthapetch 5(2009)2 75 X3l =
& A, Qe 72 AAlL UE717] ZRAL Hel 7]

=

re rsL' ml

IS

Fig.

Preferential activation

dtransverse abdominis preferential activation ratio, “p<0.05.

0.100+

[ Supine
[ Sitting
I Standing

0.075

ratio

0.050-

0.025

0.000—-
Supine

Sitting

Standing

Preferential activation ratio of transverse abdominis
during abdominal drawing-in maneuver at each
posture (p<0.05).
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2| 5% ulE ARG u, ghobA] ADIMA] Hj b2
o] S5 grobd AT o] TEAR Lol
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& AAlIA B =83 A ZAle] Bl B HEe]aL
& AAlOIA B = A UEbglth B3 w7t E o
5 Hl= FAA vi7ER2S] 2700 Bl ADIMA|
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ADIME $35l= 22 ?}S ARAIL A A o] A
ADIME: ¢ uff B} w7} FA7E B FAA
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S & o vl wirlE 2o 2BA L} o oA}

LS S Qlrk weba] 325 QoA vizkELSs 24
3HA 7IL 52 7T o, 7MY 4437 4%
AA|Ql -5 R AL & AAo A HA 7F=A| AL,
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