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Objective: This study was to identify the effect of pressure biofeedback applied in various postures that allow the application of
abdominal drawing-in.

Design: A cross sectional study.

Methods: The study intended to compare changes in the thickness of abdominal muscles between different postures when
abdominal drawing-in was performed using a pressure biofeedback unit in five postures and to compare differences in terms of
measures such as the transverse abdominis’s preferential activation ratio(PAR). Data measured from 30 healthy individuals were
used for data analysis. A paired t-test and repeated measures analysis of variance was performed to compare the thickness of each
abdominal muscle.

Results: The transverse abdominis’s and internal oblique’s thickness showed statistically significant differences in all postures
when abdominal drawing-in (p < 0.05). In the comparison between the postures, statistically significant differences were observed
between the positions of hook-lying and wall support standing and between supine and wall support standing and between
hook-lying and sitting (p < 0.05). In terms of the transverse abdominis’s PAR in each posture, statistically significant differences
were observed between hook-lying and quadruped, hook-lying and sitting, hook-lying and wall support standing, quadruped and
supine, sitting and supine, as well as wall support standing and supine (p < 0.05).

Conclusions: When abdominal drawing-in using pressure biofeedback unit is performed for stabilization exercises, selecting and
applying specific postures according to targeted muscles and the subject’s functional ability will help provide a more efficient and
accurate intervention.
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Figure 1. Abdominal drawing-in maneuver with pressure biofeedback unit

(A: supine, B: hook-lying, C: quadruped, D: sitting, E: wall support standing)
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Table 1. Compared thickness of abdominal muscle fiberon each posture abdominal drawing-in maneuver exercises.

Posture Muscle Rest ADIM Value difference t p
TrA 2.70+0.77 5.05+1.57 2.35+1.42° 9.054 0.000"
HK 10 5.76+1.53 7.38+2.37 1.62+1.46 6.087 0.000"
EO 3.66+1.57 3.53+1.44 —0.13+0.69 —1.022 0.315
TrA 2.89+0.96 4.77+1.70 1.89+1.46 7.065 0.000°
QP 10 6.22+1.40 8.62+2.75 2.40+2.36 5.579 0.000"
EO 3.89+1.10 4.20+1.66 0.31£1.32 1.283 0.210
TrA 2.65+0.94 4.23+1.76 1.58+1.30 6.638 0.000°
SIT 10 5.44+1.68 8.49+2.88 3.05+2.22° 7.535 0.000°
EO 3.78+1.33 3.65+1.41 —0.14+0.60 —1.234 0.227
TrA 2.83+1.27 4.12+1.80 1.2940.85 8.291 0.000"
WSS 10 6.24+2.20 9.22+2.76 2.98+2.24 7.290 0.000"
EO 3.69+1.19 3.39+1.35 —0.30+0.81 —2.032 0.051
TrA 2.66+0.68 5.12+1.36 2.45+1.32° 10.174 0.000"
SUP 10 5.68+1.53 7.60+2.05 1.92+1.19 8.874 0.000"
EO 3.71+1.38 3.66+1.41 —0.05+0.61 —0.427 0.672
TrA 0.000°
p 10 0.013"
EO 0.220

The values are presented mean (SD)

HK: hook-lying, QP: quadruped, SIT: sitting, WSS: wall support standing, SUP: supine, ADIM: abdominal drawing-in
maneuver, TrA: Transverse abdominis, EO: External obliques, 10: Internal obliques

'p<0.05

Significant difference with wall support standing position(p <0.001).

*Significant difference with hook-lying position(p <0.05).
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Table 2. Compared preferential activation ratio of transverse

abdominis fiber.

Posture PAR F p

HK 0.10+£0.07%°

QP 0.05+0.06

SIT 0.03+0.05 12.864 0.000°
WSS 0.02+0.04

SUP 0.09+0.06™°

The values are presented mean (SD)

HK: hook-lying, QP: quadruped, SIT: sitting, WSS: wall support
standing, SUP: supine, PAR: preferential activation ratio
*»<0.05

*Significant difference with quadruped position(p<0.05).

®Significant difference with sitting position(p<0.05).

“Significant difference with wall support standing position
(p<0.05).



Lee & Lee : ADIM wiith PBU in Various Postures

141

L %’6‘} A4 JJE@H% QF Aol A
Ak 4= QlTi16]. eutoleu=m] A= 5F oMY
o & Al Z50] 5T 1 I FE 71Tl AdEste]
Wt e S7t= Jﬂﬂil% Ll R I A T b e
= WS XS F= 7IRA, BE 259 v
Blas! /ﬂ‘%“@ Zotgs sdsly] Qe A
512419 AtelA= sl =uke
oL AL _ﬂoﬂ orgdlol ot AHH| S A]-jlfﬂ 2]
BHE AN Feutol o su AulS Abger B
5% 2Fo] ujEHIRe £35S FHska wirkE e
P olBActe Buck 123 Kim 52519 9
oML AL FHoe Bu okgsl TS sl A
Bls) grejulolom=w Aulg ARgohs Zo] e 2
ol S WA A g wrRIwS FEIE T
°f Ewol 2 o ATkl Shit). Park Lee[13]9] A+
oM &5 AZA 27159 ¢S 40 mmHgE
SRS Aol oF 0 mmblg HEe] okl 78 &
At eFol M7t ES Ao Hxsked) g
Asekar et
ejutoleme HJuls 2 get BE =29 A
REel A MBS ST 2 A7) dnlolii
HEZ 7 2, 5 Al9-aL 72 ARA, HlE7] 7] ApAL,
2 ARAL ol Z]thar A ApA] ERo A 2 A Fof]
gt AbolE HRAAL, ApA| 7ke] Wl Zfo|E Wt
Ao M 7P B A HSE Hel vz w8 &
Al F5 A9l 72 Al 7 A HekE 2
Hof| ZJehal Azt f-of 3t ZpolE Atk uiEEIE
o] FA Wt B oA F A Fof f-ofgt 2t
ol5 HAth AA| 7He] WskRF Zfo|S Hlawgh Aifol A
= 7P e A WIS 2 ok AMle TR A
HokE Hl 75 Al 78 AAIeE fofRt ApolE
Hery wjupEEle] FA Hale B AN &5
A S0l FrofRt 2polE HolA| kAL, ARA| T
AR [FOJRE Aol HolA| Tt HH =29
3y Al ZF A ko] wiZER] AEA 2 vee
oIt Zpol7h AUEh = AlP-AL v = AR H}
2 e AAeIA 7 B BlEd ﬁ‘i‘iﬁod 2=

o—{} of

20 AEel e g,
Ao ghy uge] wo ZEe Wl Ao,
2 2 ws uga £ Uehis v, W o
GRS ST b2 R o] AhA e wst
b8 Arks A JeITHISL £ el selw
AR S vlgel A TR 71 Al el o)
Frol giglom wjEulta) wjepzEle) £/ w3} H|
Lof v vj7t=2e] H3l vlgo] Atjyo s wWolth
Manshadi 5{26]<] 04-?01] g2y Jd B =9 %}
AloA 557 Erde she ¢ si7te2e] 7 st
F7PF A A Hop weron, '@dol A= Al A
oflA] 2 AMA|E T HjES BT wjeRd Bl o] ‘3 &5

7 57he Eeloh 2 Aok A AA XWI
]H iu cio]_Q_ —]_E_ Eo]- ];]H]:]]JJ]—]:I]:L _,_71]7]. L
oJ5A) F7181A] UAINE, HhE - AAI 5 A

Il g AAo A 9] viztE T R HEle} ‘m"‘ﬂ‘ 2
Hlgo] Hof| 7jal A ARG 22 ghS Hol fAL
gt ATE Helok ol2|gt A= ofub: FEof thst
of AP FAfoksk= A Aol w25 &
HE Ay SHAAE A8 913 55 <452 o
g 459 95 welo] wet IRke] 7edE 235
flal wiEHlTo] etAl A-85k3l7] wWiEel Aes A
ZhE}, E)T e ANES B E20)S ol Bt
Hj7t2 o) S-sro] St FAPA, A A=
g 2o g ARgste] BHOJ Qg o7 fIgt
&o] HluA] o g, aJJr +3 A1 71EA
A g ol e SIS Adol a3 5=
o] o}-x%z% og /\i‘L :‘,: %\ = zg__o].oq x%x%o] s
s B0l olFolal kel Ao A

Sparkes 5[27]& 2099 F i1 AZFSE sficlef oist
SHAE AFelA 3 F5 %7] —1%%4 278 ¥ %71
So=o] olyEl o=
vj7t= Lt 34 HH’Q Hl9] o] WEdE quj%gi
th 53] A3 HHslolA viEElEY] 5420 9T
AR 7 L L e S L] s Sl ) b e S
o AY HAE FAIE S8k 31—91— w2 oS girhar
SFCH28]. 2 Aol E =& ZpAlEol Bls) ol
th&tstod X‘%ﬂ AHAIQ1 b2 ApAeE Hofl Z]Hjar A
AAflol| A i< EIEe] A Jsto] 7t Wkt 53]
ok AAI7L B Wkgo] wtd A Hof i A &}
Aol Blsf ok AAIS] FE1 wEl F XAHe] B
sto] ol it FFE oS wol o HRIS0)

Em&% ofy

& Al HElEF| S 71HE AoE Alrdoh
Chanthapetch

502919 AFANAE e A, o

& AA, HI7)7] ARA 225 ol 7] Al AA ;



Phys Ther Rehabil Sci 11(2)

TR ERQ ¥ A HiE223 viekE Bl 2
= F|as) shuA Hi7RD, wiEulEY] SHA &
& ST 5 e AL SHAL HE7]7] ARA oA
= oS Wt A d4Elde AL
2 iR, Sl viebEelEe] AV S7HE
O[30, 31], &= AN EF ERe s St
wi7k2 MVCE| 25% JrE Aok A== w7t
20| EF S B8]

2 oM E 55 229 £ A He AAA
w7k 223 wiEElEe] wA ek S & 4 AN
oh Z12|3L fFoShA] FAIRE HI7|7] ARAell A ek
Y] A Wl SV Holal U] ApAlE el
W frad F7 dslEEE Btk HRT)7) Aol
© SR o] w48} Vo] FAVE S5 He
P2 B71A =H=di32], 57 We=S Al 4
sto] Hi5Ql HjupgElo] HAdste] 283t 2o = A
B, vEpdElEe ohEUS, W2e2d 7IAAe]
Az ghad QoA SheUdd dase] B0l 8
S Ewdur] AAek Z2 SAE ee= W EF
gol S7RRITHL sFglom(33, 34], =gt Wflse] =
A gk Skl dFE RS AR Az

ojgfRl A=Y B ATE HiEeR TRt AA9
Ao 5 =)ol viztRI viEHlEy 22 5
HAeTdse BASE shHA wipbdBlEa g2 g
o] &= ol 5§ S Aleshet &
& 4 QUTH35]. 1Pl bEutelev| =
W S 2S5 529 Al AA 7 SAe whet
ERIS HR 5] AR wivtEel gk A=
A = AWt HE Ae o AUk

SaTS T Sl kRS Eneh SAYe

A7) Aol g ANE A 7P 1A 2 St
w52 Al 71of8IH, #Fo] =oA]
=2 Al 589 e ATIA o]
2] EHke] 7 s ez A o= AT, 36]. vk
= WA, Z2ja eEsulE

WEPHIES S HARSIE ATSHe Faletue

2

o

N

>
o
Hu

== R e
g
K
I

10
0,
B

e
2,

rlo

ty
=

2

ko] B4 RS AN BE Aol Yot
ggel e 2 BEo] Bl iorque)S
st Tk BEe] 2 2Helg wrEo] ARH
B QP Aol Trojaitt Bol FhsixlE Feot £

& 2L S0l LU Y 5 oA Faio] ot 79
2 A SPAAT BRAE 28 o) S vk
HiTlo] EgEln], H3o| FolB fAski HFe ok
= 7bso] PgAS SRSk FAT 4TS Sh 2
% Fol b= Hgulo] ZFACH3E, 39]. EEO

e}

0,
oX
R
Do Y

Q1 oksh Buke] QY| 7 WFSL F7HIA
QB GusH B 4 ekl SHECHAlL
wjeby B QPgstel qlof wizkmte] AEHQl &
&

8} molt thKelAL Hus BE byt EAY
delo] Bast Ao AREH, 7154 54 &
317] 180 B0l hakate] 7%t Bdel wso] up
2 e A, KB ASE g AL U7 A4,
ore AAl, Mol A1tk A1 AP FollA AEak A 2
AE AEsH Hohe Egdoln At eFol =8
o] ® % 9 Aolet Az

B 7o) ARgos A, G U el wo
A A 4 gl TR AR B gl ol sy
S G BY SR S A B 2% 5% %
22 st o 9Ed re A, GO e
A, DA ke AN 5 ulas) 1A R AT B
o, S50l Apdle] WeIE Shfste] Hlmsluolof &
Aolch. B, £ A5 200held 30e7ba BARES)
BMI 5:5:0] A7 el diaros o dve 29
Holoth, #4 EL wA 2844 55 ANE B

274 Wy

2 Z 4 Qb HEAYEWHRIS 23 S840 AE
o ANt Bag Aoz ArEt.

Ak 2L Bl & 4
A BRIEY Fage
QS 25 915 eutolevicy

=
H ©ao0]lo
%T—io]a

e A et} she 28 o
o] 715 ARl ol wel AAIE Adgste]l dAJsH
Hobd ma&Foli FHjt FA kol 2 & U

7oz Holrh



Lee & Lee : ADIM wiith PBU in Various Postures

143

s

1.

10.

11.

Panjabi MM. Clinical spinal instability and low
back pain. J Electromyogr Kines. 2003;13:371-9.
Graves JE, Pollock ML, Carpenter DM, Leggett
SH, Jones A, MacMillan M, et al. Quantitative as-
sessment of full range-of-motion isometric lumbar
extension strength. Spine. 1990;15:289-94.
Vera-Garcia FJ, Elvira JL, Brown SH, McGill SM.
Effects of abdominal stabilization maneuvers on the
control of spine motion and stability against sudden
trunk perturbations. J Electromyogr Kines. 2007;17:
556-67.

Andersen TB, Essendrop M, Schibye B. Movement
of the upper body and muscle activity patterns fol-
lowing a rapidly applied load: the influence of
pre-load alterations. Eur j Appl Physiol. 2004;91:
488-92.

McGill SM, Grenier S, Kavcic N, Cholewicki J.
Coordination of muscle activity to assure stability
of the lumbar spine. J Electromyogr Kines. 2003;
13:353-9.

Kim JS, Lee CH, Choe MJ, Lim YO, Jung CS,
Kim SY. A comparison of the improvement of
symptoms between deep abdominal muscle ex-
ercises group and superficial abdominal muscle ex-
ercises group in patients with chronic low back
pain. J Korean Acad Orthop Man Physi Ther.
2005;11:1-10.

Kim TW, Kim YW. Effects of abdominal draw-
ing-in during prone hip extension on the muscle ac-
tivities of the hamstring, gluteus maximus, and
lumbar erector spinae in subjects with lumbar
hyperlordosis. J Phys Ther Sci.2015;27:383-6.
Cresswell AG, Grundstrom H, Thorstensson A.
Observations on intrabdominal pressure and patterns
of abdominal intra-muscular activity in man. Acta
Physiol Scand. 1992;144:409-18.

Hodges PW, Richardson CA. Inefficient muscular
stabilization of the lumbar spine associated with
low back pain: a motor control evaluation of trans-
versus abdominis. Spine. 1996;21:2640-50.

McGill SM. Low back stability: from formal de-
scription to issues for performance and rehabilitation.
Exerc Sport Sci Rev. 2001;29: 26-31.
C, Colby LA. Therapeutic

Kisner Exercise:

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Foundation and techniques. 6th ed: FA Davis
Company; 2012.

Jung DE, Kim K, Lee SK. Comparison of muscle
activities using a pressure biofeedback unit during
abdominal muscle training performed by normal
adults in the standing and supine positions. J Phys
Ther Sci. 2014;26:191-3.

Park DJ, Lee SK. What is a suitable pressure for
the abdominal drawing-in maneuver in the supine
position using a pressure biofeedback unit?. J Phys
Ther Sci. 2013;25:527-30.

Yang SH, Jung ET. The Design of a Biofeedback
Stabilizer for Back Pain Prevention and Treatment.
ADR. 2013;26:379-92.

Teyhen DS, Miltenberger CE, Deiters HM, Del
Toro YM, Pulliam JN, Childs JD, et al. The use of
ultrasound imaging of the abdominal drawing-in
maneuver in subjects with low back pain. J Orthop
Sport Phys. 2005;35:346-55.

Kim SC, Kim SG, Kim CS. Effect of abdominal
draw in maneuver in sitting position. J. of RWEAT.
2017;11:207-14.

Richardson CA, Hodges PW, Hides J. Therapeutic
Exercises for Lumbopelvic Stabilization. second ed.
Edinburgh: Churchill Livingstone; 2004.
Richardson CA, Jull
control. What exercises would you prescribe?.
Manual Ther. 1995;1:2-10.

Critchley D. Instructing pelvic floor contraction fa-

GA. Muscle control-pain

cilitates transversus abdominis thickness increase
during low-abdominal hollowing. Physiother Res
Int. 2002;7:65-75.

McMeeken JM, Beith ID, Newham DJ, Milligan P,
Critchley DJ. The relationship between EMG and
change in thickness of transversus
Clinbiomech. 2004;19:337-42.

Ferreira PH, Ferreira ML, Hodges PW. Changes in
recruitment of the abdominal muscles in people

abdominis.

with low back pain: ultrasound measurement of
muscle activity. Spine. 2004; 29:2560-6.

Yun KH, Kim K. Effect of craniocervical flexion
exercise using sling on thickness of sternocleido-
mastoid muscle and deep cervical flexor muscle. J
Korean Soc Phys Med. 2013;8:253-61.

Jull G, Richardson C, Toppenberg R.Comerford M,
Bui B. Towards a measurement of active muscle



144

Phys Ther Rehabil Sci 11(2)

24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

control for lumbar stabilisation. Aust J physiother.
1993;39:187-93.

Lee JC, Lee SK, KimK. Comparison of abdominal
muscle activity in relation to knee angles during
abdominal drawing-in exercises using pressure
biofeedback. J Phys TherSci. 2013;25:1255-7.

Kim YK, Choi MR, Kim SJ, Lee KK, Kim HR.
Self-palpation Feedback for Abdominal Hollowing
Exercise. A. J. Kinesiol. 2018;20:43-50.

Manshadi
Azghani M, Kazemnejad A. Abdominal hollowing

FD, Parnianpour M, Sarrafzadeh J,

and lateral abdominal wall muscles' activity in both
healthy men & women: An ultrasonic assessment in
supine and standing positions. J Bodyw Mov Ther.
2011;15:108-13.

Sparkes V, Lambert C, Keith A, Rees D, Terry G.
Spinal stability exercises: evidence of preferential
activation of internal oblique muscles in 3 and 2
point kneeling exercises. Phys Ther Sport.
2006;7:174-5.

Arjmand N, Shirazi-Adl A, Parnianpour M. Trunk
biomechanics during maximum isometric axial tor-
que exertions in upright standing. Clin Biomech.
2008;23:969-78.

Chanthapetch P, Kanlayanaphotporn R, Gaogasigam
C, Chiradejnant A. Abdominal muscle activity dur-
ing abdominal hollowing in four starting positions.
Manual Ther. 2009;14:642-46.

Critchley DJ, Coutts FJ. Abdominal muscle func-
tion in chronic low back pain patients: measurement
with real-time ultrasound scanning. Physiotherapy.
2002;88:322-32.

Park DJ. The effect of real-time ultrasound imaging
feedback during abdominal hollowing in four point
kneeling to healthy men. J Korean Phys Ther.
2010;22:1-6.

Norris CM. Functional load abdominal training: part
2. PhysTher Sport. 2001;2:149-56.

Juker D, McGill S, Kropf P, Steffen T. Quantitative
intramuscular myoelectric activity of lumbar por-
tions of psoas and the abdominal wall during a
wide variety of tasks. Med Sci
1998;30:301-10.

Queiroz BC, Cagliari MF, Amorim CF, Sacco IC.
Muscle activation during four Pilates core stability

Sport  Exer.

exercises in quadruped position. Arch Phys Med

35.

36.

37.

38.

39.

40.

41.

Rehab. 2010;91:86-92.

Hodges PW, Richardson CA. Altered trunk muscle
recruitment in people with low back pain with up-
per limb movement at different speeds. Arch Phys
Med Rehab. 1999;80:1005-12.

Hodges PW, Bui BH. A comparison of com-
puter-based methods for the determination of onset
of muscle contraction using electromyography.
Electroen Clin Neuro. 1996;101:511-9.

Neumann DA. Kinesiology of the musculoskeletal
system; Foundation for rehabilitation. Saint Louis:
Mosby & Elsevier; 2010.

Akuthota V, Nadler SF. Rehabilitation and Core
Stability. Arch Phys Med Rehab. 2004;85:86-92.
Bergmark A. Stability of the lumbar spine: a study
in mechanical engineering. Acta Orthop Scand.
1989;60:1-54.

Gardner-Morse MG, Stokes IA. The effects of ab-
dominal muscle coactivation on
stability. Spine. 1998;23:86-91.
Kendall FP, McCreary EK., Provance PG. Muscles
testing and function. 4th ed. Baltimore: Williams &
Wilkins; 1993.

lumbar  spine



