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Activation of Trunk Muscles during Stabilization Exercises in Four-point Kneeling
Hyun-Ok Lee, PT, PhD

Department of Physical Therapy, College of Health Sciences, Catholic University of Pusan

Purpose: This study examined the activation of the rectus abdominis (RA), external abdominal oblique (EO), transversus
abdominis, internal abdominal oblique (TrA/I0), and Multifidus (MF) muscles while stabilization exercise was performed
in a four-point kneeling position.

Methods: Experiments were conducted on 21 healthy male adults (mean age=25.29 years) who voluntarily agreed to
participate in the study. Each subject was instructed regarding maximal voluntary contractions (MVC) and stabilization
exercise in four-point kneeling. While MVC and stabilization exercise of individual muscles were being performed,
activation of the muscles was measured using surface electromyography (EMG). Activation of the muscles while
performing stabilization exercise in four-point kneeling was normalized to a percentages of the MVC.

Results: Left RA, right TrA/IO, right and left MF muscles showed significant differences among the positions.

Conclusion: Selecting an optimal position can aid subjects on physical conditions while performing stabilization
exercises in the four-point kneeling position.

Keywords: Stabilization exercise, Four-point kneeling, Rectus abdominis, External abdominal oblique, Transversus
abdominis, Internal abdominal oblique, Multifidus
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Stabilization exercises in four-point kneeling. A:
Single right arm [ift (position 1), B: Single left leg lift
(position 2), C: Right arm and left leg lift (position 3).
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A comparison of muscle activities with %MVC in different positions (N=21)

_ Position 1 Position 2 Position 3 F P
Lt. TrA/IO 10.98+9.02 11.19+9.74 11.69+9.54 0.03 0.97
Re. TrA/IO* 13.1319.95° 18.63+14.16™ 24.89+15.32° 4.08 0.02

Lt. RA* 6.81+2.63" 11.68+5.67" 16.94+11.24° 9.78 0.00
Re. RA 8.68+4.82 11.92+9.83 14.41£13.71 1.69 0.19
Lt. EO 20.66+15.08 24.66+15.43 31.92+21.39 2.23 0.12
Rt. EO 17.06+11.82 19.29+15.62 22.49+16.69 0.71 0.50
Lt. MF* 11.8+7.98° 36.62+20.81° 50.21+20.1° 26.53 0.00
Rt. MF* 7.4+7.72° 16.27+12.74™ 26.48+18.34" 10.28 0.00

*Significant difference (p<0.05)

Unit: %MVC

Position 1: Single right arm lift, Position 2: Single left leg lift, Position 3: Right arm and left leg lift

Re: Right, Lt: Left
RA: Rectus abdominis, EO: External abdominal oblique, MF: Mutifidus

TrA/IO: Transversus abdominis/internal abdominal oblique
a, b,

ALE22B 0| A% Marshallz} Murphy13 9] JFE HjEow
T3 RS o}8siol Bl £EL ol Eek By
Ao SHES T Selelch 2 o] o Haany

EARZ B2 AHA| 104 13.13%, AHA| 3004 24.89%F
Byom A 13} AA| 3L 8235t 2}o]E BTk Gresswell
S92 AAle] FHE Ak o4 SRS AR BES 2
AR, OFAR 339 A SR et i
o & Aol Az ZpA| 30] ARA 1] HIsf oF 11.76% &
E5e HAk ole vEr7] AAellA B 7S50l %‘@2
2 ofEsjo] A% B2 T30] AVEo] G Aol H
3 bS] Sl s ke stEo] 28e] Al 28710
O g mjsue ol BT YRARS) $FABU THY
A Mo NS AT U Ao A, E
T AR S ST SlE atEe BRE O
o A w2 25 T2 MVCE 25% Hreetal 0}‘33"41“ =
Aol BRI WEARLY] B5E BE 5014 25% MVC
bleho® Ueponz g 27l B3el /)5 s8E ol
AN 5 e SFolet AREL:

s s BEE A L34 4 2o ol
Holok o= & A7 A 33 U 2Hom AR A

P 2 HA0) 8% N i 402
=T8T oS 501 Aol A ] Aufel dAjskar ik
A QPSR Bajze] B 2850 o 6%z
uuko g yUehtol) B A3oas &% 1949 6.81%=
H|28) 28 %X]o]— a1, AA 29} ZHA| 3L Z7F 11.68%,
16,9492 A5 £& 0F Bx20) BES uYt o B
Q70 tprASol A 29} 3oIAE FHE SR B
olglf] HozA AR 59| TFol T7eE] wiolt Alr

el ot

“values with different superscripts within the same columns are significantly different at p<0.05

ok

SluALZe] BES 92o ujs| Uo] AjEoR 1A
Uhefsteh. oleft sk o) vl SIS So] Lol 4
AAA] Wik 5h 3 oare] Bl A Uepd 975
vso) ZAmiel ARl B AlA SEARE BR
ARzl Hlsf iAo R &S 28Ee Y ols &9 W
o|Z=rt woHdaE 5 WS AHIES B0 SEHA Y
A= 22=0] AL ZAFIL P YAl =0 YgAE &
B2 opEael o W 45E op) g Aow
AR, TR 2 QPSS A Bgany
SAf0) Mgl o) 238 FESE AL ofgchea o
L ORI SYEATO] SaE, §RF 20 9B
el Aol Y] 2 B 4R HAHE BRa
WEolch” TefuE BATI 9EAR e Hhglobal
muscle) 59| =& Fo|7] Y5 & 0|85t
287} GAS ol§ WY 55 weistolol & AoE A
wHch

A Ageld Thase] 25 S dTel] Sl ww A
g AR A ERIe] oL otk Y AU AT

AL ] S5S WS S BHoz 485
tha AEO, ol QRS R AT 2wst
o THE Aolo] AW A A0 gtk 1elslol
Arokoski 57 Q% 2Hy} @ s Y3t AL diAt
o8 A5 ARl W FHE Alolof] e AFER
ok 2 A3 a5 23n 95 SHof| X thEe] %MVC
o] ARIAIG7} 1=0.928, 0.95002 =2 AL Hoth o
5}o] Danneels 12 Q3 thgddo| et ¥ 2H% /\]-9-01]
A =8 AFEE SHEIeIth st & At

Activation of Trunk Muscles during Stabilization Exercises in Four-point Kneeling



o] ErEs gopy] el 85 sHol YA el &
H 2H=E ARSI

o] 52 28X vigf AZo] AdiHeR A o
Ehon, o= siAlE S0l Stle £ tdde] AdE A4
Sk HHhS T 2ot o 58 J8ES 29l A9 AP
Aot dARI: ERE 2 AR ARA| 33 Sdet WHeR
*‘*]ﬁ Drake 52°¢] -5 Aujud, E QoA HAZ &
S5 A% o] 2 A7k A9 glgiARE Ball

o
2o 1%@ exe 9z ot o] 085 taas) w5

Fl

226} o S 29EE of & el Aol A9 el
W £ Aol gz 4 5L A4 1, A4 2, A

3004 11.8%, 36.62%, 50 21%= Z} ZFA] Atolof A o5t
ZJolZ Bt} Cresswell 5248 5 80] MVC2] 25%3H
el B ARES Hol2 AT 4 ok a1k o
sto] thEte 2 7134 d-H{tonic fiber)Ql Type [ AH-=2
?LH!FM AIL? A HARES MVC.J 3o~40% A of| A]
FEP) w2l 2559 1 ] 517] fleid=
o] Fro| o] 'éﬁo}‘:b— 0}‘2‘1‘3}-33 gAY s
$4E IRM(Repetition Maximal)o]] MVC2] 60~100%
Yo FARES FUSNLL 2ATAE oDl I
MVC] 60% ©]3}e] 7=l viE 3142 128 oA} d= 7
g Fatsholch™ Tele ¥ vl A 18 8% daa
o) Whe RS GESIE AT Z7]] U YRS 4]
Fop| e BHoR AN 4 s AHolT, A4 2=
e 0 094 1S s Sl B
52 ol Aol A 38 e Tl
A e BHOR AT 4 S Aet ARSI .8
% tle BE AN MVCe) o 27%9] ngko et
WOoEZ Al 1, 2, 3 BFoA B s Aed o
& Aolet Ak
olAH UL7|7]|oIAM AAsk= HE QP 5] A W
Stof] wg IS2EE e thefeHAl UEltE e uid
7171014 A5 QHgst $5e 43 Al gAY AR H4e]
£ HEERE AAE Addsk=d B =0l H3lew ith

39

V. ZE

B AT Y]] Aol AR QPgst 950 4]
o] whe ATIISES] S wAsiick A Wslol whe
AR S0 BHe AR b D850 YES HEs] o

2850 YEE AT & 222 $ASt ol Y]
71 AAsHe ebgel e5o] TRg BT AN Sa 28E

2 BE P4 4 ol 250l

EH”ZP——J ol wet 22AEE A

& g PRI AR IS99 B
A o= geix]7] o] B4 80| AEzel 25 9
b A7 AL olop & AoR AlmHr:

ESH

.
R

s} the)Es]2 7
w23t el 2o

A
;i—]]OE

fllo

Hof

7

m M
r

rﬁr
O My

N ok

Ky om
I

S2 Y PIAAeIA 57, BEET,

¢

o_>c mlﬂ

Author Contributions

Research design: Lee HO

Acquisition of data: Lee HO

Analysis and interpretation of data: Lee HO
Drafting of the manuscript: Lee HO

Research supervision: Lee HO

Acknowledgements
2 s sl et muske Ty {1 ojste] 4

Leone A, Guglielmi G, Cassar-Pullicino VN et al. Lumbar
intervertebral instability: a review. Radiology. 2007;245(1):
62-77.

Pope MH, Panjabi M. Biomechanical definition of spinal
instability. Spine (Phila Pa 1976). 1985;10(3):255-6.
Cholewicki J, Juluru K, McGill SM. Intra-abdominal pressure
mechanism for stabilizing the lumbar spine. ] Biomech.
1999;32(1):13-7.

Hungerford B, Gilleard W, Hodges P. Evidence of altered
lumbopelvic muscle recruitment in the presence of sacroiliac
joint pain. Spine. 2003;28(14):1593-600.

Akuthota V, Nadler SF. Core strengthening. Arch Phys Med
Rehabil. 2004;85(3 Suppl 1):586-92.

Beith ID, Synnott RE, Newman SA. Abdominal muscle
activity during the abdominal hollowing manoeuvre in the
four point kneeling and prone positions. Man Ther.
2001;6(2):82-7.

Saal JA. The new back school prescription: stabilization
training. Part II. Occup Med. 1992;7(1):33-42.

McGill SM. Low back disorders: evidenced-based prevention
and rehabilitation. 2nd ed. Champaign, Human Kinetics,
2007:226-34.

Queiroz BC, Cagliari MF, Amorim CF et al. Musde activation

HZ7|7] XMl HAISHE orgst 230l ME Mzt 22| 28



J Kor Soc Phys Ther 2010;22(5):33-38

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

during four Pilates core stability exercises in quadruped
position. Arch Phys Med Rehabil. 2010;91(1):86-92.
McGill SM. Low back exercises: evidence for improving
exercise regimens. Phys Ther. 1998;78(7):754-65.
Richardson CA, Jull GA. Muscle control-pain control. What
exercises would you prescribe? Man Ther. 1995;1(1):2-10.
Stevens VK, Vleeming A, Bouche KG et al. Electromyographic
activity of trunk and hip muscles during stabilization exercises
in four-point kneeling in healthy volunteers. Eur Spine J.
2007;16(5):711-8.

Marshall P, Murphy B. The validity and reliability of surface
EMG to assess the neuromuscular response of the abdominal
muscles to rapid limb movement. ] Electromyogr Kinesiol.
2003;13(5):477-89.

Ng JK, Kippers V, Richardson CA. Musdle fibre orientation
of abdominal muscles and suggested surface EMG electrode
positions. Electromyogr Clin Neurophysiol. 1998;38(1):51-8.
Arokoski JP, Kankaanpii M, Valta T et al. Back and hip
extensor muscle function during therapeutic exercises. Arch
Phys Med Rehabil. 1999;80(7):842-50.

Ng JK, Kippers V, Parnianpour M et al. EMG activity
normalization for trunk muscles in subjects with and without
back pain. Med Sci Sports Exerc. 2002;34(7):1082-6.
Danneels LA, Coorevits PL, Cools AM et al. Differences
in electromyographic activity in the multifidus muscle and
the iliocostalis lumborum between healthy subjects and
patients with sub-acute and chronic low back pain. Eur Spine
J. 2002;11(1):13-9.

Lee HO, Gu BO. Recruitment Patterns of Lumbar Extensor
and Hip Extensors in Trunk Flexion and Extension. ] Kor
Soc Phys Ther. 2009;21(1):57-64.

Kim BG, Seo HK, Jung YW. The effect of sling exercise
on lumbar stabilization and muscle strength. ] Kor Soc Phys
Ther. 2004;16(4): 129-141.

Kim H, Park RJ, Bae SS. Effect of diaphragmatic breathing
exercise on activation of trunk muscle of patients with low
back pain. J Kor Soc Phys Ther. 2005;17(3): 311-327.
Kim TH, Seo HK, Gong WT. The Change of Muscle
Activities of Trunk Muscles during Various Leg-Crossing
Positions in Low Back Pain Patients. ] Kor Soc Phys Ther.
2007;19(5):1-10.

Park DJ, Lee HO. Activation of abdominal muscles during
abdominal hollowing in four different positions. J Phys Ther
Sci. 2010;22(2):203-7.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Chanthapetch P, Kanlayanaphotporn R, Gaogasigam C et
al. Abdominal muscle activity during abdominal hollowing
in four starting positions. Man Ther. 2009;14(6):642-6.
Cresswell AG, Oddsson L, Thorstensson A. The influence
of sudden perturbations on trunk muscle activity and
intra-abdominal pressure while standing. Exp Brain Res.
1994;98(2):336-41.

Drake JD, Fischer SL, Brown SH et al. Do exercise balls
provide a training advantage for trunk extensor exercises?
A biomechanical evaluation. ] Manipulative Physiol Ther.
2006;29(5):354-62.

Souza GM, Baker LL, Powers CM. Electromyographic
activity of selected trunk muscles during dynamic spine
stabilization exercises. Arch Phys Med Rehabil. 2001;82(11):
1551-7.

Moore KL, Dalley AF. Clinically oriented anatomy. 4th ed.
Philadelphia, Lippincott Williams & Wilkins, 1999:184-5.
Henry SM, Westervelt KC. The use of real-time ultrasound
feedback in teaching abdominal hollowing exercises to healthy
subjects. ] Orthop Sports Phys Ther. 2005;35(6):338-45.
Mew R. Comparison of changes in abdominal muscle
thickness between standing and crook lying during active
abdominal hollowing using ultrasound imaging. Man Ther.
2009;14(6):690-5.

McGill S, Juker D, Kropf P. Appropriately placed surface
EMG electrodes reflectdeep muscle activity (psoas, quadratus
lumborum, abdominal wall) in the lumbar spine. ] Biomech.
1996;29(11):1503-7.

Danneels LA, Cagnie B], Cools AM et al. Intra-operator
and inter-operator reliability of surface electromyography
in the dinical evaluation of back muscles. Man Ther. 2001;
6(3):145-53.

Jorgensen K, Nicholaisen T, Kato M. Muscle fiber
distribution, capillary density, and enzymatic activities in
the lumbar paravertebral muscles of young men. Significance
for isometric endurance. Spine (Phila Pa 1976). 1993;18(11):
1439-50.

McArdle WD, Katch FI, Katch VL. Exercise physiology,
energy, nutrition and human performance. 3rd ed. Phila-
delphia, Lea and Febiger, 1991:384-417.

American College of Sports Medicine. American College
of Sports Medicine position stand. Progression models in
resistance training for healthy adults. Med Sci Sports Exerc.
2009;41(3):687-708.

Activation of Trunk Muscles during Stabilization Exercises in Four-point Kneeling





