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{Abstract>

Purpose : The purpose of this study was to assess the effects of the trunk muscle activity on bridging exercise
according to the knee joint angle.

Methods : Twenty-five healthy adults volunteered to participate in this study. Subjects were required to complete
following four bridging exercises; knee joint flexion 120°, 90°, 60°, 45°. Surface electromyography from
selected trunk muscles was normalized to maximum voluntary isometric contraction. Muscle activity was
measured by QEMG-4 system(1L.XM 3204, Laxtha Korea). A repeated measures of one-way ANOVA with
post-hoc Bonferroni's correction was used to determine the influence of bridging exercise on muscle activity for
each muscle and descriptive statistics was used to determine local/global muscle ratio.

Results : The internal oblique of bridging exercises 120°, 90° showed significantly(p<.05). The erctor spinac of
all bridging excrcises showed significant excepted between 60° and 45°(p<.05). Median of internal oblique/rectus
abdominis ratio of 120° was 441, 90° was 3.94, 60° was 3.58, 45° was 3.39. Median of internal oblique/
external oblique ratio of 120°was 2.66, 90° was 243, 60° was 2.87, 45° was 2.64.

Conclusion - Angular motion decreasing with knee joint flexion made erector spinae activation increase. on the
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other hand, as decreasing abdomen muscle activation, the more performing motor learning is required for
abdomen muscle strength and co-contraction for the trunk stabilization.

Key Wonds : Bridging exercise, Knee joint angle, Trunk muscle activity, Electromyography
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Ao gL aF &£449] outd X5 F8
ScHO'Sullivan, 2000). W&l 859 ouls} X7
aEn AAzEE AT A € 879 QA3
g B 4780l g 25 WHES 539
g U} ol HMHECA nAeF
(bridging exercise}2 Q%2 A|7te] <A B (lumbar
stabilization)& FZA1717] $3te], eln EE7)
HHgluteus maximus)¥ @ UHE] F ZS(hamstring) 9]
o8& 7 WHeg ®o| ARHT ok
(Kisners} Colby, 2002). i2Z}AHA|(Bridging position)
€ AFE F33 FE A7 AAE FA3= F
"8 FFoIWA g2 AN Me EEL wE
A7, BP9} 4Z7] EHIE A% 3 HFe 1
#Ad AATE 733AZITHOSullivan®}  Schumitz,
2001). Eg mAAAE AN FHEH, BRE
W9 AR, " AlA, kA £ A7), SU)elA
A7 FHY F B A a7EHe #¥dE 2
T dE B0, 4 Adoez &9, A, o5
o] EG o] AN ARHAY F1E £ 2
THO'Sullivan# Schumitz, 2001).

Hodges®t Gandevia(2000)= AlAle] #dE §A
3k FACIA aR9] sl B B &
& 71249 ZZS(multifidus)} ¥ 712 D(transversus
abdominis)2 Th2 F¥ Z/EG WA ¢354 <
30 gk spglon, Ewto] MHE Ael
A Az HRle g2 n@En K¢ §8Fo
2 Feddy 33 thNeumann, 2002).

992004y FAAE tder wZe-5Fol
= =l vXe FFE YoM Fm B
AAHANA A 2FAA A 259 = A4
7} Z7lhe MElgon], 8% Bl Ag
Al HFE uiRoll A AR st B g vpgo g

5 H3p) aFH 259 HA P R
Al ZH@AAT AT 3Hh

ojFe ATFEAAM mZEETL dEosE A
B AAAF B AW F Ebal)olt o
7N =78 FE3 BT AACN A A
Bo] Bo] AYP=HoA SIThAEA, 2008; oA,
2009; %39, 2006). Duncan(2009)2 <HgE A|H
M AAG 5 Bt} 292 EdA FPEHR
$£50] AR wlZeZ Ho} 3R wjZeIoAN o
2o BE I8 3} JElhdta sgich &
3 4 eP3Hcore stabilization)5 3 2= &
o] g 7o Ot AAOAN AN aAF
o] At THK¢ BA3le} tlTS(global muscle)®
TR (local muscle)?] EF Hl-E(ratio) W3}l vl
e JE A% Aldle BoiArokoski 5, 2004;
Marshall®} Murphy, 2005; Stevens &, 2006). ©]2
F = BAxe BARZEY HE A= A
w} gekd 4 i RS 98 By, Az
% AAY 32 Fgol FLIT FPS
(Stevens 5, 2006). ZHZ(2009)2 A7+ (AS &
T Bl AL 285EC] 843 FF(muscle activity
level)S o= AWt ol TR &3R8 &
F HEE ol AL FEEaRS vEx A
g o F8% FEHol 3Gtk oMY wHALEFL

tdst 43 FANAN AN AT BAT
AAl 2AEF 3 AAAMY €BE HR] § 5

d|

e 4T 7I1E ol gdsiA AAEA T
Ae Aot

old]  d¥E Ywiioes AHT e a7
TEA £RAe g 25 4xd we A
259 GAES dIsT SIS B8
&8 Yoy, HEAA uZeF AAE A3l
HuAgi.
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II. o gk
1. A CHAR}

£ A7y ddA AR Ade uee ol
I FEH, oldl 27 HE 5L Y £ e
oY3 wArbEEAst 9AT FESHE 2E
20~30] A73s 4l g 259 oz AAE
Rk ABAL AuA ool e A, A7
sixle] 2ZAA B FFAAF oo e A
T2 ALt ATdpdAte] dgkEl SA4L o
23 ZcKTable 1).

2. A9=T B HEYY

Table 1. Characteristics of the subjects (N=25)

£ dyela maeF A deide At 259 ¥

Ass ZA) Astel QEMGA(LXM 3204, Laxtha,
x) THE systemS AHSSIRE, wHE AR

S B8y 93 Z3E 22X E o] Telescan 2.89
(Laxtha, )& ARSI SHE A= (electrode)
o} #B Agg Foly] sl AR €& AA
31 ¢HEEE ARE L5

A2 Ag-AgCl AAe] d3slg A=< Electrode
22373M, "3 B AFE AHEEigen, A3y
o] AzZlE 3em ol HABIES 313, HA(ground)
AZTLE 94 & 9F AE7Nradial styloid process)
2o FEstoh

Aol RARIE Cram 5(1998)9] W& o1&
sho] gixlo] NAA EAd 2A Zdsted B
e, A48 tdxie] A & Az 28 NE

Sex Age(yr) Height{cm) Weight(kg)
Men 25.44+4.97 174.37+4 .31 67.97+£9.35
Mean+Standard deviation
Table 2. Electromyography position
Muscle Position

rectus abdominis

internal oblique

2¢m lateral to the umbilicus

half way between the anterior superior iliac spine of the pelvis and the midline,

just superior to the inguinal ligament

external oblique

erector spinae

15cm lateral to the umbilicus

2cm lateral to the L2 spinous process

Fig 1. Electromyography position. 1: rectus abdominis, 2. external

— e =

oblique, 3. internal oblique, 4. erector spinae.
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2243519 chFig 1, Table 2).

FE 2HE 3 A B FZE(sampling rate)
< 1024Hz% 00, 28 AT 178542 ZE 5
%31, 9% H(band-pass) FEIT 20~-450Hz, =X
(notch) YE& 60HzE Aol 38 & ¥4
= A3E Ao F(full wave rectification) ¥ AlF
HAAFTY oot mean square; RMS)LE 7]&3}
Ak

E39E 4 289 E539E uFIs] S8l
H 593 534 $E(maximal voluntary isometric
contraction; MVICYS EAsgen, &4 A=
Kendal 5(2005)°] AA3E We 7IFos A4
A 4 2% Hdl 5003 FHAY £5 g s
Z2 33 HAl F 2719 39 4 12E AdE 2
ZF 3% B B AZFE %Id 5907 53
A FEOMVIC)L & $ilsle] BE3} slgich

Fig 4. Knee joint 60° flexion

3 dyey

£ d7oA AE mdeEe ¢8d 22X 4
T 1200 90°, 60°, 45° 47} Heje] Eo] AAEH
RAH(Fig 2,34,5). 2Z-FY e F&g @AM
A & ol &EEm, F dele o7 HoluE
deEla, A A7 9AMe] He 39d 2F
0° ZoHA AL AAEIATH

24eF A H=g 238 Avte] Zr1E 4
37 st 6 TPAAREES BEY aFR
FEAAE AT T AT BE 4382 7
33] uhE EFF3en, 4 oAe GFEREE o
sto] 92 AATSHh

Zyzte] $5-& 53 AAstgen, 2719 1
4 122 A9 F7 3x20e & 8X4x AE2E

X

Fig 3. Knee joint 90° flexion

Fig 5. Knee joint 45° flexion
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4. SAHXz|

B a7 £38 A5E 9594 SPSS version
120 4 Z2O0E o] 83l A3t w4
Ztzo] we wzEdM 4 2859 & Y=
ZolE golRy] Aty ¥HE ZFE d.l B
HM(repeated one-way ANOVA)E Alg-3lgjon
ARZAAL B2y 4% (Bonferroni's correction)

ARS-3H T tidzte] dukd EAd 2 84

[e]
&
% vl (relative muscle activity ratio)® 7)1&F 7Sk

(descriptive statistics)2 ©|-83l.0™ ZIFgHmedian)
£ ARSI BAA froFES a<05E S5t

M ¢+ 2ot

23 2o WE A2 2 gex vln

1. =z

<84 23 A5 e A 28559 & 84
St Table 33} Zror, &84 23T Ak Wil
42 2Ax AEF] HglE Hd £33 23 &4
= 1200004 BR 259 Ao 2 8HEE ESo
W, A= 4=t a2 et 2 42T 24
v A%E Yoy FAH fdde gt Hx

Table 3. Relative activity of the different trunk muscles during exercises(%MVIC)

Joint angle rectus abdominis internal obligue external oblique erector spinae
120° 6.25+6.24 32.65+40.11 16.86+12.56 52.99+9.92
90° 52544 40 24.90+32.57 14.48+11.22 57.44+11.51
60° 39242 41 23.36+27.21 13.86+10.29 62.44+11.79
45° 3.86+2.66 23.39423.55 13.68+10.32 65.04+11.54

MeantStandard deviation

Rectus Abdominis

50
40
g
=30
-
° .20
®
10 1
o lll lT,, rn vz
e sr 60" 45"

Intemal Oblique

E

% of MVIC
B 5§ 8 8

o

Extemnal Oblique

50
40
30 -

20

% of MVIC

10

7. IR i 60" 45°

Erector Spinae
.

% ‘of MVIC

1200 @o 60" 45"

Fig 6. Relative activity of trunk muscles during exercises
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Table 4. Relative activity ratio of local muscle to global musdle during exercises

Joint angle internal oblique/rectus abdominis internal oblique/external oblique
120° 4.41(1.78~10.72) ‘ 2.66(1.75~5.44)
90° 3.94(1.76~6.06) 2.43(1.63~4.48)
60° 3.58(2.14~8.36) 2.87(2.16~4.54)
45° 3.39(2.18~15.80) 2.64(2.05~4.93)

median(Inter-Quartile Range; IQR).

7182dMe €3d 23 4 1200004 H42 2
4= E H¥on, A 4xrl A4 gt 2
BR=7E 37181 45°004 A 2 BAHEE BY
o A el gl

WA I dnd B odx A5Fe o
£ 1209 90colA] wiQkEHIZe] frolF HolE B
ok p<.05), Yol BR ZKAE o8t o]
E HolA gisten], HF JYIL 60°9 45°A10]
£ AT RE AxdM Jae] FoF Ao|g
B QoHp<.05)(Fig 5.).

2. S3E 21 Zzo] OE Mzt 2 gz vig

€83 2% 4xd gE At & AR HEe
Table 49} Zo] VeIt wiiEulyalZ &l &
4% vlge] FU03he ¢3E 2T 4% 12009
A 441, 90°0X 3.94, 60°0Ix 3.58, 45°¢)A] 3.39
ojtt. miEHIT/MuEIZe & BAE vl&9
FHUL € 23 A% 120°904] 2.66, 90°01A4
2.43, 60°9) 4 2.87, 45°1X 2.640] Atk

v.n

Akuthota®} Nadler(2004)= @ og 713 9
A4E FA) 8 2538 399 8% zH-o|
gadin, a9 IIFFAAY st &4 g
drdst +YE FFoEN FA P3N Core streng-
thening) & ZZ3Ich ol F4 Asl= 4AHA
A AlFEled F4 HEA(core stability)o] T
e 58 A B 938 399 Hd 9
st AR AA F(torque)e] BT Azhe] A
o Zlddks diEgd Bl afE AR AHF

Hog AF=o HF o nvNFzED AF EHL
9] A BAFE FATHOE FEY 5 9
THBergmark, 1989).

Hodges(1999)= E%-9] 4% 2] & 4259
B BEAol a%s) kel Nl FoF 9
7 7158 Fo 7RSI E]E Shumway-Cook
7 Woollacott(2001)= BRIFT A AR FHE
A7) fEMe A £24E& Ave 5B
FE53(co-contraction) 2  FEAIAoBITIEL - 3G
oh =3 AzE AEeE B AN 285 894
3} $2L ol AL 5 TEIYL wED AW
@ n 2% = 2FEL Y39 Fesdn Yo
(393, 2009; Lehman 5, 2005).

FALFE FATRY Bd sk} dase
AAHA § A Alole] HAHG HgM ZF ¥
€ HEe] AFEH FH=H glon, g A
A HAG nZAeFA WiZ2Te HibEElE
o} & €% HlgdA HAFHIY] &5l #A &
AHREH ol wE229 T AT HE ¥
2 Ao 71A%kn Y THStevens 5, 2007).

B A7 RE <9d 2T ZEoA ujet
£ AEE BYen, Audozs wj&
229 AT @A UeEhA Ak dae 4
Koy FAH Fo4e ek

Richardson} Jull(1995)& wzhe-F Al A% 25
9] B A|4=(deep mucsle co-contraction)o] HA
PE A gdod HA=d dPdFEoE AT af A
“Hlumbar lordosis)o] Z71gtckar skgich

Stevens 520072 2535 FEAA|(Lumbar neutral
spine position) 2 FA5}a1 A% ZAEES T
AAE FASA g AANE 2-ER HIE
a2y wiEe2e] 2845t Fvtey Hjupg

o
29 &
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HZe /& Zol7} ok Bustgict ol
FPAAE FFo EiRe Bl st 7P
2 AEE g 5 A AF wWEo| Wil AAE
Aqultn], glFEe] AN 71 HHE =7
£ 859 9rAE A Al(resting position)E 2|vl g}
(A4, 1998). weba] e 8o Ast SFAA A
Zre] A T13he dAY HEow ERTS
o] A £5& 5 FHAMNE A=) A%
o® Y FHALRE, BRE =4, ¥
=299 Wy Fol AEHT JTHAHSS, 2008;
o], 2009; Stevens &, 2006; Stevens 5, 2007).
BFAME BZAEE A A= 8FH W)
7HE A3 et &Nt TWAEAR-EE 5%
F5 FPANE A & B

B dpodxe €33 23 4% 1200004 Hdl
o BAEE HYorh feld xolE HolA ot
o, 120°9F 90°oA uiMEBIZ Y] {43t zpolE
HA 0 p<.05), YA BH ZKdMe fold A
olg HolA ggith gy £ 2T 450
2 Zagtel whet 1200 o] HF rdTe] BAHE
Z7hl wls] BR 289 & 450t gade A
&g BPovt fogt RolE KolA Uitk 18
) N el Rt N e Rl e (sl
Z B v]8L wlZ e Ho uibEHIZo] 3-4
d A SAENEY, ol dvtEQl m4eFolA
Fdol E71 A -5 kBl wjupdulol
TERAE A3l 7P ol FEATHL SHHAH
4, 2004). T HjuANE RO ujdFulEe] 2
v ol A 2A=EYe, AT EekyAn
&F9 dolxd wel #H¢E wiiZgulaw wiupg
29 7|9zt A2 gz £ & =%
dqXe ST SAHE Astzlol Aok AT ol
g Hlg onle AP W3l wel FARs=
=59 7lHEE B osld 258 #ERlsin
AeAAckR= 529 A AN F UL A
olg} Atm ®Th mE 120° °olF 90°-45°74A8) F
gkl vlma dAgE & FEAHE Hiwe, o
AAFAE A AT 289 FAFS] FUAAT
FEHog A=z A} FFFoAY 18
U AR kY ¢ g4 dEudEe XF

ok,

4

fo ol rf

[

F ER Z28Eg ZE AxdA A U=
l, ole wzeFol Al 1@ AnIeel 2
A Fegshe He ekshn, XAWe B
Ay £59 dolmrt EoldSE A YEE
s By 289 FA $5& AF o g2 &%
o] gasitln Alg sk =g B AyoA
E &8d 2T 4%9 sl o0& AT 259
gAsr AFsiged, od ©E A 2% 2
T wsige 243l A7 A FAEA
o] ysjttn AR ELh

et ik

3
3

V.2 E

B Aye £de] 23 4xd uE AT
o] Azt /Y FHATY U/ Fh TH
243} v]gL A7ste] 2834 uAEE AHE
Yolr 112} 3P

O A3 £3E 2F 4% 1200004 diEe,
otz wlupbgulae Hd & BHEE BHES
o, HF 7PToMe i & B el
o BA4F feode g e £3H =5
5y} A wel 4509 Ke wlEeE, HiE
HE wjupdulae] H4 & BARE BgoH, 3
Z JgzANE Fdid & A= Jeigey
A o4 ¢gdh 2R AzFe FHolw
120°9) 9000 A} wikEHlZY Feld AolE K
o (p<05), YA BB ZRAME {od Apols
Holx] g¥gton, HFE 7J[YITL 60°9 45°Ak0lE
ALF BE Axolr Fuzre] Fog AolE B
Qep<.05). & HitEHl/ 20 iE
S/aupgelize] & B4 HlEe HZed Hn
HjorzHize] 344 FA SAHRLH, wugHlZ
B} ujorEnlFe] 28 o) =Al S U

ool Aiks waeF Al €3 2F 4% 120°
9} 90e7AE H|QrEHIZe] FHL HX5y] Sl
oA Y BEE AT, 90° olFlMe A
18] S5Ao] vl wE R I8 &
Aol AHoz ZASA H2Z el A
9 FEFAE A% o B2 BY =9 H3g ¥
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