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Analysis of trunk and lower extremity muscle activity according to the

compensation of arm during bridge exercise
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Abstract
Background: The purpose of this study was to inves-
tigate the changes of trunk and lower extremity mus-
cle activity according to the compensation of arm dur-
ing bridge movement of healthy subject.
Design: Cross-sectional Study.
Methods: Twenty healthy subjects participated in this
study. The subjects performed bridge exercise with 3
different arm positions(arm abduction 45°, 90° and
cross-arms) and measured the muscle activity of the
trunk and lower extrimity. During bridge exercise
with 3 different arm positions, trunk (rectus abdomi-
nis, erector spinae) and lower extrimity muscle activ-
ity (gluteus medius, biceps femoris, tibialis anterior)
were measured using wireless surface EMG.
Results: Rectus abdominis and gluteus medius muscle
were most activated during bridge exercise with arm
abduction 90° and erector spinae and biceps femoris
muscle were most activated during bridge exercise
with arm abduction 45°. In addition, tibialis anterior
muscle was most activated during bridge exercise
with arm cross. However, these difference in muscle
activity according to the arm position was not statisti-

cally significant.

© 2022 by the Korean Physical Therapy Science

Conclusion: As a result of this study, we think that
the change in arm position does not induce sufficient
instability to increase the muscle activity of the trunk
and lower extremity muscles. Therefore, various ap-
proaches for inducing instability of the support sur-
face for increasing muscle activity when applying
bridge movement in clinical practice should be

explored.

Key words: arm position, bridge exercise, muscle

activity.
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WA ZY Bz mE 5% % SAIS FAE BH 13

W7 2-F(bridge exercise)> ¥t AN F5Ad FE s =
Al (hooklying position)ol| 4] YGo|E 5] 22| A Hoi(Stevens 5, 2006), 5 9 tha] <552 J-52-83 B¢k
g5 B3l sl 7HeliAE EE Frete] Aldehs &N T shuelthd s
7152 3 8]-ZWHlumbo-pelvic) 9] =242 Tl 27| thel &
3 W B AT 24, HF W =Nke] KA F31, o] F2 AR AlSRskE ol sl 39 Bs
L& P tk(Stevens 5, 2006; SongZ} Heo, 2015; Youdas 5, 2015; Kisner2} Colby, 2017).
F31AFE -5 (Closed-chain exercise)?] W75 YA oA 525, P28, thel o &5 3= A& &+
5 o] ¥ H(Song¥} Heo, 2015). B3l A& 5(Closed-chain exercise)< Z W= the| 7} AHolu} ] 117g0]
Eo] 7 7l o8] o] FAl FHES FEl thbd, thEd 50 Ve FAYS FEE e &
2 79 F3h 349 HEA, a2 (Proprioceptive) A2t 5= FAE Atk AT, 2007; A8 S,
H

= LT
2012). s, ojdkro] A= | A (Eccentric) &2 2H8-8H] ¥]o] ZHAFskwol a3 o], dHArEE ol

dooHl W

5 A e o we 1HETlE0] €493 ¥tk(Iwasaki 5, 2006; Park ‘5, 2011).

EATAEE 2550 dojuhs w1 H= mAlgk dfakE A5 o] &ete] FE3taL V)5 4
ks A7 AAPIRICE, o] FEehs Bt AAAe o8 2EE = Al B4 dx w4 dds
DAz EGARA SAETE A4 2 A, Qs kel A3 d] AMH-E 3 QlthReaz &, 2006; 7 E 2k
S, 2013). WAL E 250 H8, 75 £5, 25 @4 o] digh AvkA] JEE g1 5 JaFF
2, 2004), F7delA = FUTHAEE o] &3t A 2% 28 248t tidatelAl 274 Ql <52 7%
£ &3l duvA a&dolt FEst AME fAst L w2 Al =Hstka vk

ATl = E58 3 MEss FRkst w7he-so| Hj<EH (Internal obilique)?] E/d =9 T3} w2+
(Rectus abdominis)2] =F712] &4 &35 HAIFA (T, 2016), T3S A3 wLF5S o

st A2 WS o] 8-3F3S ol vl (Internal obilique), BIHFZH!X(External obilique), 5 {H=71H(Gluteus med-
ius), WF3) = H(Semitendinosus), d tFe] 2 2l (Biceps femoris), & 2] Z(Gastrocnemius) ] <& 2] TS K

ofFheldH  F, 2010). EF, AAFEE AR wARES WFA(Tibialis  anterior), “FHA| L

(Gastrocnermus), 2] A2 H(erector spiane), M1 (Rectus abdominis)®] & T S-S HoFG O H ()
5, 2019), EZ}% Al - 91X wgle] digt AFrella= JEE B ARA A vljub2 ] TH(External
0b111que), 1 €8] (Internal obilique)e] &I EQ TS RAAFtHo] ¢33, 2019).

o]H ‘?i:rL*e—"ﬂ’ﬂ*E‘ Eolu thekst XA HE] WHEtE o] &5 WA F I TS solt Y B 9
] Wsle] mE wF 2 oI5 SRS IS ATEE S (upper trunk)2] A A H(Base of support)
W3} H = ol E(lower trunk)o]t The] 2] 2] AW (Base of support) W3}, Q1A Abg-sh= £8 ot w2k
gt AAAE AlwalT %}H]E = o] &3t A5 wWol HAHG oKl HH 5, 2010; ¥, 2016; o],
2019; AlF &, 2019; L5718 7945, 2021), 2o HA Aol whE 5 F(uppper trunk)®ll XX ™ (Base of sup-
port)e] W3S Fo| % 9 thE] 2K FEAEE gRlsh A= g Aotk

= 2o B} Ao S 95 (upper trunk)ol] *] A (Base of support)2] H3}E 0|28k w7t
EEAATE 58 2 the] 25 SRS SRk, BRI vE W v FEAEE Sl el
<l

o] B fAE adste] avkael e Alestaal g,
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B Qg 38 palo] 248 Hjstael Alsh 90 419 WU 209S tho® shglom, AT thtel A%
IFE A 8 HEA Aol G A, vk S olska) Aol 9 A, A7 Bolol 59 @ A2 sl
AT TPRe] ANINEE RALEANE S Fekis A, ReIAA Aol Aol vlolHo] Yl

4, Slelh ehele] 2o gl A AL B S A0 5 reol thsto] 2]

H,
o - [}
ARG, AT ol BAMZ Aol AT Folol Uit AW BB W F P APk

]

o

A Bl 2HE A ZH]Q) BTS 1000 EMG(BTS Bioengineering, Milano, Italy, 2014)5 ARg-3lo] 2+
Hgte] W Wkl g A EE S8t A% A= SENIAM guidelines®l] W} -4 52
Hlj2-2(Rectus abdominis), %541+ (Eracctor spinae), & 17| (Gluteus medius), d T}l +4 & (Biceps fem-

oris), $F77<X(Tibialis anterior)®l -2} THSENIAM, 2009)<Table 1>(Figure 1).

Table 1. The location of the attachment of the electromyography electrodes.

Muscle Electrode location
Rectus abdominis 4 cm lateral of navel, lower border of caudal electrode at navel level, vertical
Erector spinae 2 finger width lateral from the proc. spin. of L1.
Guteaus medius 50% on the line from the crista iliaca to the trochanter
Biceps femoris In direction of the line between the ischial tuberosity and the lateral epicondyle of the tibia
Tibialis anterior 1/3 on the line between the tip of the fibula and the tip of the medial malleolus.

A= 72 Ao 9 Agks HAskel] fal Holu ol2d S AA T ASE FASGIT ol REe] 2l
7hll Rl By Aol et 250 G Db = Qlo], 2o wke-E Al A=) 2o A E 7t
S (Goniometer) = &1 & AT HHITHE AT E AMXEO] EMGanalyzer v2.9.37.0 (BTS
Bioengineering, Milano, Italy)E ©|-&3lo] A 2|slglth. 3% % E(sampling rate)> 100HzE A8t SEHH =
8L 20-500Hzo A FEE wo] 153} 0] F(noise)S A A3 1L, ST 259 ZHE A= AR
(full wave rectification)® *]2] $ RMS(root mean square) %< Fal¥th BEAIAE AT E Gaf3lshr] ¢ &
e X7} 45090 el S] wzhe-, 2 & HY A7) 900 AE o] Wk, S wAF §F A S wteE




A 2o BAzge mE 5% B ATK TAE 24 15

'z

|o off

ko] Z7sto]l RVCHHS F5k3l L, 2 dsle] gl w2z 26 Al AEAR]l S550S 3T 100
2 ol F2 A8 3k %RVC(%Reference Voluntary Contraction) #h-= ARE8te] S E A5 5 4
SH(normalization)a}3{th. 33] W 5% B ks HE Ao ARESRSITh

il
o
=

3. 4 HA}

W7hE AHE FEIHE 90° 58S A FEAR A (hook—lying)oll Al &F 75 AtelE o7 Yol
He] o, 3o QX = o F20] A el Ao R FaeA vl FUh WEZ = (Goniometer) &
2 7N 592 (Acromion)E F O % §Z | (Humerus)E w20 ZHY Zte & whso]5Qlu) 450 2 el
WZhEs Al oI & 450 RS AEjollA SR “Alzb 5ol § Y o] 007 P
AlA FaL 29N 527 75 F QAR Zolbstth (Figure 2). 90° & M7 wzh-52 o7l ¥ & 90° ga
g Aol A SA8Ae] <Al FEok §A GE ] 0074 I B AA T EWLlelA 523
S AAA R Zobgtth(Figure 3). e WS O] w7t 5 FEe ThEolA wAksk Aol A —ézjx},]
AR ok F dE o] 0074 JEIE B AA T EHLlelA 523 5 5 AR okt
(Figure 4). 7} W79 WS A2 278 FolE vhso] tdabso] F492 Wil 7 w2hesS 33
HHE A4Skl 2t 317] st A7 YA EIE = 4 5 RS T A
=50 v A 9} vhel gl FE S WAESItE COVID-19 AFElR Qe ZEu Wel4=2S A A 3] 478t
of AAleRdla, #Eo] ¥ AYE ASAE o]&ste] ans AASHIT

Figure 2. Bridge exercise Figure 3. Bridge exercise Figure 4. Bridge exercise
with arm abduction 45° with arm abduction 90° with arm cross

A-2] xk7 A 2]i= SPSS (version 21.0; IBM Corp., Armonk, NY) 2% 735 o] 83} t} tjAlx}o] Uit
< 7AW HERA S AFEElgl on, o] XSl mE wheEe wE W A

=
=

ZAYeE7] 130 one way reapeted measure ANOVAES AFE-3F3ATE FA14

1o,
r
My
flo
(e}
>
Fu
ru>”
oX
ol
2
u)

74

1. S99 CHAIR}S| QEIA EA
2 AT e F 20Wo® S 127(60%), ©14dS 88 40%)olth i AHES] Bt AW
zjl-_

213540744911, B3t AZEL 60.00412.52kg (41.0~84.0kg), B+ A F-E 166.3547.66cm (153~178cm), $-A1
QEZ 16(80%), 2% 47(20%)°] S TH<Table 2>.
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Table 2. General characteristics of the subjects (N=20)

M=£SD or Number (%)

Age (years) 21.35+0.74
Gender (male/female) 12/8 (60/40)
Height (cm) 166.35+7.66
Weight (kg) 60.00+12.52
Dominent side (right/left) 16/4 (80/20)
2 BS289 2BNE
1) HiZ222(Rectus abdominis)

2o 2o 28T SF oA 450 HEY EZ%% 2 97.38+10.92, 2 90° Y w752 103.58+18.59,
[N =4 =

9
2 WA A E w2 98.56£12.74% HS 900 HE whE-F Al 5 F EHYEE RAFA oY A4
o7

2 FASe AT SN F 450 HY wL-F2 103.85£20.21, F 90° WY W ZE-F2 103.64+17.28,
g A A mZ-F2 101.43+17.16% E2 45° HE w725y T2 900 HE wdeE Al 489 2
_]

FYES BT oY SAA R {28 Atol= HolX| F3kTi<Table 3>

o Kl

ofy
™~
M
N
ru
Q
o
g
&
8
(¢]
&
&

SHE7EY] ST S 450 HY w252 96.18+18.01, Z 90° HYH wZ2F2 99.01+18.66,
S WAFSE A H WZE-S 96.60+14.32% F 90° MY wZkes Al 250 F GAATE HoFSloy TAA
= HO|A 4k Th<Table 3>.

Aokl 2o S8 SO Z 450 HY wZeF2 96.39+11.63, Z 90° ¥HYE wzt
92.75+11.21, Z-% Iﬂ_i}?l At ﬂ&%i—& 90.78+9.98 % TS 450 HE wZeE A 259 F FALE B
[e) A
FS

o 2AAOw

AN off
32 rlo

Y] TR Fg oA 450 %‘“J WZFEL 94.86+14.82, F 90° Y w %2 96.51+15.11, T
WS A WZhs-S 98.39+15.15% HS WA wihes Al Z5 F GAAEE BoFgloy FAHoR
O LI
T -

o
Ho]A| 9F3kTI<Table 3>.
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WALEFA FHo BAFAR ©mE 5% B sAZH A= 24 17

Table 3. Changes of trunk and lower extremity muscle activation according to the arm position during bridge exercise (N=20)

Parameters(%RVC) BEAA(45°) BEAA(90°) BEAC F(p)
Rectus abdiminis 97.38+10.92 103.58+18.59 98.56+12.74 1.795(0.182)
Erector spinae 103.85+20.21 103.64+17.28 101.43£17.16 0.241(0.787)
Gluteus medius 96.18+18.01 99.01£18.66 96.60+14.32 0.327(0.723)
Biceps femoris 96.39+11.63 92.75+11.21 90.78+9.98 1.521(0.232)
Tibialis anterior 94.86+14.82 96.51£15.11 98.39+15.15 0.713(0.496)

M+SD, RVC=reference Voluntary Contraction; BEAA45°=bridge exercise with arm abduction 45°, BEAA°=bridge exercise with
arm abduction 90°; BEAC=bridge exercise with arm cross.

V. . &

QMg (stability)> &L 22 FAYe g 48 Aok Z= A 58| tHGranata 5, 2005). %5
99 252 A8 (Local muscle)? S (Global Muscle) . % 75| 11, At 5 (Local muscle)> Z 3ol 274
Ad=o] 5 Ao 24 9 Aol #oishH, th S (Global Muscle)> F= 318 A8 Ho] Wy} &

[
=

&9 T HAYE e FEEH 5 2013 e S 2022), e RPEE vhe flell Sl

e 5o 43S fAsHE $F 0=, FYJAN- HdEE Tl Ul

S ST = 3ITi(Stevens 5, 2006 ; Song 2} Choi, 2011 ; Lee 2} Park,

2013). F7dellA wzeES T2 P B Fdohe] H(Hamstring) 8] 8 F319] HAou s B5%
o

21
52 S $5ke] AFEH7) % $th(Wang, 2012; Lee®} Park, 2013; Kisner?} Colby, 2017;
JeonZ} Kim, 2017). A A ¥ (Base of support)> 21| 9} 21| 2] A Apo] HF5-9] 9] AA M-S olekr|star, A&
) (Centor of mass)©] A" Ulell 91x]3hH Mg do] T35 a1, vheFst XA o] Mdh= 52 GA L WHEkel
B4A W FA w07 ApAH A vf$- F 23 tHLee 5, 2017; Kisner2} Colby, 2017; 7124} 5, 2018).

[‘E,_{

T A S A YW E gt o R 2 dY 2% jiske] wE wkesol 58 W o 459 &4F

W3S ERIstaA) st vl E2H(Rectus abdominis), %] =A< (erector spinae), &4 F&7]<*(Gluteus med-

ius), | ohel =2 (Biceps femoris), 2574 7 <X(Tibialis anterior) & 5712 H& % v IS5 TUIAER

e /‘]-f{} A, FAAOE 7Y% ztol= ofYl o, HllEEH(Rectus abdominis)?} 5{Hs7]X(Gluteus medius),

< 90° MY wZhits Al FEAETE 7P S7Vehe A YRS, #HFAle(erector spinae) ¥}t H el Al

(Biceps femoris)< 25 45° e wzhes Al 27 7S S7F A S, o7 (Tibialis anterior) < Z&
wapgE AdEjel A o] Wz EAl FEAETE 7P SUbekes A S LERISITh

z < A9, Wi 3w oo A S o] §ate] AXHE] B do] wE

o] o] S Y EE v AgrellA = A el 283 w7ke-5o] HlEHl (Internal obilique), BIHHZHIZ(External

obilique), FZH&7]<H(Gluteus medius)oIA O & SHAEE HT, ofo]FHE o] &t waesS s

(Semitendinosus), ‘A th2] 22l (Biceps femoris), &2 H(Gastrocnemius)ol| A B TS HATHO|HE 5,
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