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| Abstract |

Purpose: This study observed the activity of trunk and lower limb muscles during a modified bridging exercise with various
weight loads.

Methods: The participants in this study consisted of 15 male adults. The muscle activity of the elector spinae, rectus abdominis,
gluteus maximus, gluteus medius, vastus medialis, vastus lateralis, tibialis anterior, and soleus muscles was measured with an
EMG-8 system during a modified bridging exercise performed with various weight loads (indicated as percentage of body weight).
Differences in muscle activity during the bridging exercise according to the weight load applied were analyzed using a one-way
ANOVA, and post hoc analysis was performed using LSD. Statistical significance was accepted at a p-level of 0.05.
Results: When the subjects performed the modified bridging exercise with various weight loads, the muscle activity of the
gluteus maximus and vastus medialis peaked at a load of 0.5%. The activity of the gluteus medius showed a remarkable difference
when the modified bridging exercise was performed at loads of 0% and 0.5%, 0% and 1%. In addition, the activity of the vastus
medialis showed a remarkable difference between modified bridging exercises performed at a load of 0% and that performed at
aload of 0.5%.

Conclusion: The results suggest that performing modified bridging exercises with a load of 0.5% of body weight results in
significant differences in the activity of the gluteus medius and vastus medialis muscles. Thus, it is suggested that performing

the modified bridging exercise at 0.5% of body weight may selectively strengthen the gluteus medius and vastus medialis muscles.
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Table 1. Electrode attaching region

Muscle

Attachment site

Elector spanae
Rectus abdominis
Gluteus maximus
Gluteus medius
Vastus medialis
Vastus lateralis
Tibialis anterior

Soleus

2cm lateral of 2nd lumbar spine
lateral to the umblicus
1/2 point between the ischium and the trochanter of the femur
2 cm below the apex of the iliac crest
7cm above of inside of patella
10cm above of outside of patella
1/3 of the line connecting the inner medial and medial end of the tibia

Down the side of the gastrocnemius
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Fig. 1. Bridge exercise.
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Fig. 2. Bridge exercise using weight.
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Table 2. General characteristics of subjects
(n=15)

Characteristics Mean+SD
Gender Male(15)
Age (years) 22.60+2.16
Height (cm) 173.33+4.76
Weight (kg) 68.13+6.89
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Table 3. Muscle activity of modified bridging exercise using 0%, 0.5%, 1% weight loads
(unit : %RVC)
Muscle 0% 0.5% 1% p
ES 2220.86+358.08 2689.95+425.69 2711.91£382.86 0.61
RA 369.51+45.96 520.48+86.56 503.594+81.32 0.29
GMax 1301.32+291.10 1966.96+434.27 1886.88+359.44 0.38
GMed 2075.85+327.87 3562.03+521.011 3717.08+559.67% 0.04"
VM 519.22+47.55 877.27+154.45% 739.26+63.08 0.05"
VL 527.42+86.66 992.92+281.43 815.60+115.76 0.20
TA 2023.97+£307.74 3212.13+559.80 3144.06+509.89 0.15
Sol 1120.01+252.96 2163.08+491.75 1820.15+560.98 0.27
*p<0.05, Mean+SE
ES: erector spinae, RA: rectus abdominal, GMax: gluteus maximus
GMed: glueteus medius, VM: vastus medialis, VL: vastus lateralis
TA: tibialis anterior, Sol: soleus,
Tsignificant difference between 0% and 0.5%
Ysignificant difference between 0% and 1%.
2, CIYH BARSl0| M2 WHE mZeSol 2 2¥ FAS BHoz yo| BgEHoA: gk
22 Hlw (O’Sullivan & Schmitz, 2001; Richardson et al., 2002).
DAEES olgdte] BE W vhe] 289 BHES B AT|ML FANE A8F WPH 025l
2%k AT FHEI)TE 0% 4] 207585:327.87,  AlEHel 40 FASt] )Nk ekl that AT
0.5%0°f| 4] 3562.03+521.01, 1%°f| 4] 3717.08+559.67 & ZA, AR = A52 0 %, 05 %, | %S 22 =74,
2 R Zpol7k ypEbgaL, FRE2TE 0%00A4] et | 5 ol&sto] SAES] EERefol A
519.22447.55,  0.5%O°| A 877.27+154.45, 1% 4] HalE Ags1gon, o thE|& 5o 28+ Wiy
739.26+63.08 0.2 F-2| gt 2ol & YERH UTh A4 WEEE AT AR S ATolA F1HET
SAI FHETZE 0%} 0.5%00 A 0%} 1%01 A =2 0 %2} 0.5 %o A2k 0 %2} 1 %ol F-2]gt 2o]
ot o]zt FEW2O] A9 0%} 0.5%0] 4] £, EBESTL2 0 %2} 0.5 %ol A F2J3t Aol 7t
903t 2}o]7} LFEFTHTable 3). LrebetTh
SUE7Se Adddor Fstsl] 9t &5
W T Lee 5(20122 A5 0%, 1 % 2 %5 5751
V.2 YR F2 AFgItol BRI 2HRE AT
slol, AF2) 1 %7k e A Th 850 qryates
AIFLEL BEAs AE B 250 Gak & MRS $Al6] S78Y120 FBE & Qs B
oA QAL JRTA BT 5 2800 2 Sk B AFoIME vs 2} dera)
Syclele] 28e Z2A)7]7] Yske] AFLE I Q) 9h RS ARRE FeE R Haol vis) FA| FelkE
CHKisner & Colby, 2007). T3t ZHF-5, W79 A8 Hygd e 5538 S e
UEZIE 2ujal] Qe Ao ofd) HED dHT S gk AAelA AFY 1% FAS, RELS @ Al
dHIS ATl w2 dEA Qlof It oA L FHHE 5 2 S A7 vzl 413
ofdf 87ek B st Telm oigolet thele]  AdFehs OE Ak Ue Aoz Buv, 27k



308 | PNF and Movement Vol. 15, No. 3

oA+ 05 %2 FA7Z S7HE7]E9
st -5t FA A 237} Yer

i
(> 2
=¥

o
=

ox
4z
1
2
o
ol
O
i
fllo
Dy
o
EL
2
(¢
e}
fllo
> Lox

4
o
b
k>
o
st
4
x0
kloF
offl
N
mEA
o fo Ok

o3 o & AT o o Fo 1o

)

(1

e oly

Lo >~ o Lo

A
i)

O
-
X
i
N
>
N

Ir
w5
flo

N

N,

> 1]
__>\*'_J,

J

=2
o

&
=
i)
T
[
o
fd
1
b
N
>

=2

o S
2 0

do M

i
e 2 Olﬂ N

o2t
(i
Mo
offt
ol
@ = o ofy
ihid
2
e M

o i 2

1o oo
e
N

N
oL
E

e Mo
4o
10
i

g o

i—g
1%,
o
L
S~
>
o
i
K9

_,d
flo o
)
ol 011)
=
O,

R

2

= @ gE
o o
T L
& o

)

A=

=

ok
o« 1o
N
sERe

2o
]

0%
1o
1B
HT
xo 1o

el

©

>
o

-

Jo
f
et
+

2
S
o
jakss
e

=)
N
o

s

Aol A
2 U Py
u] o) )
A= Fa5H
140 250 Az

)5t

]_

5

¢

b}

O

7} o]

o
)
e o
- O
2
1o
foi
={
0
A
N

s

f
o

Yang, 1996) y

=

(o
-4
i)
w2 oo
e ofh rd S

f

o
E
u

IS
iy

N4
Mo A
o

offt flo
o
rE
o
i
X

me ¢ Hoorlr rob o b o rfr O mu ax O @ off u o of
o]

Olﬂ IEIE

o
)
>
X Y
v
rr
o 4o fo
o
>
N ¥

z
1o ol
rO
o
ox
filo
4o
e Mo
o
o
ol
—~
il
N
rH
o
ll
u)

T

fr
=

chele 74

oL
ol
—_
rir
iJJ
O

o,

= ooX ¥
H o 1l
5 g :
B4
ox, ik

ot U rlo ox

i
rlo
rH
flo
o
Hlu
=
JEg
=
o
ox
{0 m{o
Y
oK
ofr
o,

b

4o =l
:

ol net rlo rlo
o
Ht

i
i
e

_\|I_‘
e
I
i

il
5
H
8
>
oL
i
)
)
0o
&
r
2
R
oL
ol
rir
>
O
M oy

WEEMJQ‘,FIOJR%&&EEQ_&F'I

o A
rlo ﬁ o

1o

il

o

=3

p

o

i)

o

4o

ok

>

rlr

-0,

B

i}

lo

H

A=)

N

N

I
a0
rl
lo
EN]
ogh
[
0
o
ox
©
ofy
fo
ot
H
T
=i
&
&

2001), o] = Hlgto &2 otZy oao] ez o

do
ot
55
flo
re
-4
N
P,
o?‘: 4
i
0
k=l
rO
B
ar
flo 4
rl
L .

Hodges & Richardson, 1993; Miller et al., 1997; Monteiro

et al, 1999). & oA E HPH w225 Ao 05
%2 FA A T2 FAEC Blal R
et oA A Uebgon, JEibd vid=E
A YL o) A B9 v gH &
0] Y ?(Lankhorst et al,, 2012)%]= Aol A F1HE
7|23} QF 2] YA At FEY uAAdE
Ql SR U= 159 S8 7eRA, 1
2o 3H4 9] 2] A(Bolgla & Boling, 2011) 5-& 74
AA & 5 v 53 HHoR Yepyith

X

A8 55 9 vhe) 280 s vAE dF
otolR 112} a1t w7k &E A| thopst HAHs)
2 H20] 05%0] sl BAE Halelele u ol
ZH20 SE72Y BAETE A e

References

Akuthota V, Nadler SF. Core strengthening, Archives of Physical
Medicine and Rehabilitation. 2004;85(3):86-92.

Bolgla LA, Boling MC. An update for the conservative
management of patellofemoral pain syndrome: a
systematic review of the literature from 2000 to 2010.
International journal of sports physical therapy.
2011;6(2):112-115.

Ekstrom RA, Donatelli RA, Carp KC. Electromyographic
analysis of core trunk, hip, and thingh muscles during
9 rehabilitation exercises. Journal of Orthopaedic
& Sports Physical Therapy. 2007;37(12):743-762.

Fscamilla RF. Knee biomechanics of the dynamic squat exercise.
Medicine & Science in Sports & Exercise.
2001;33(1):127-141.

Hanten WP, Schulthies SS. Exercise effect on electromyographic



SFISOIE 0182 w20 AZer 82 5y 858 % Ul 2] 240l 0IXls S | 309

activity of the vastus medialis oblique and vastus
lateralis muscles. Physical Therapy. 1990;70(9):
561-565.

Hodges P, Richardson C. The influence of isometric hip
adduction on activity.
Scandinavian Journal of Rehabilitation Medicine.
1993:25(2):57-62.

Jun JG. Cardiorespiratory responses to walking with trunk
weights. The Korean Journal of Physical Education.
1991;30(2):57-164.

Kavcic N, Grenier S, McGill SM. Determining the stabilizing
role of individual torso muscles during rehabilitation
exercises. Spine. 2004;29(11):1254-1265.

Kim TY. The effects of changing gait speed and taking low

quadriceps  femoris

arm weight on latissimus dorsi and gluteus medius
and maximus muscle activity. Inje University.
Dissertation of Master’s Degree. 2013.

Kim WK. The effects of cardiorespiratory response and energy
economy to walking exercise with added shoe weight,
and to verify the shoe weight and walking economy.
Journal of Korea Reseach. 2005:16(2):155-164.

Kisner C, Colby LA. Therapeutic exercise: foundations and
techniques, 5th ed. Philadelphia. F.A. Davis. 2007.

Lankhorst NE, Bierma-Zeinstra SM, vanMiddelkoop M. Factors
associated with patellofemoral pain syndrome: a
systematic review. British journal of sports medicine.
2013;47(4):187-187.

Lam PL, Ng GY. Activation of the quadriceps muscle during
semisquating with different hip and knee position
in patients with anterior knee pain. Archives of Physical
Medicine and Rehabilitation. 2001;80(11):804-808.

Lee J, Jeong KH, Lee HN, et al. Comparison of three different
surface plank exercises on core muscle activity.
Physical ~ Therapy  Rehabilitation  Science.
2016;5(1):29-33.

Lee SK. The effect of gluteus medius activity and gait
characteristics applied to vertical loads on the ground

walking. Daegu University. Dissertation of Doctorate
Degree. 2012.

Lee SY. The correlation of hip abductor, adductor and abdominis,
low limb muscle activation during bridging exercise
with hip abductor and adductor contraction. Journal
of the Korean Society of Physical Medicine.
2012;7(2):199-203.

Lehman GJ, Hoda W, Oliver S. Trunk muscle activity during
bridging exercises on and off a swissball. Chiropratic
Osteopathy. 2005;13(1):14.

Maffey-Ward L, Jull G, Wellington L. Toward a clinical test
of lumbar spine kinesthesia. Journal of Orthopaedic
& Sports Physical Therapy. 1996;24(6):354-358.

Miller J, Sedory D, Croce R. Vastus medialis obliquus and
vastus lateralis activity in patients with and with out
patellofemoral pain syndrome. Journal of Sport
Rehabilitation. 1997;6(1):1-10.

Monteiro-Pedro V, Vitti M, Berzin F, et al. The effect of
free isotonic and maximal isometric contraction
exercises of the hip adductors on vastus medialis
oblique muscle, an electromyographic study.
Electroencephalography and Clinical
Neurophysiology. 1999;39(7):435-440.

O’sullivan SB, Schmitz TJ, Fulk GD. Physical rehabilitation:
assesment and treatment, 4th ed. Philadelphia. David
company. 2001.

Richardson C. Jull G, Hodges PW, et al. Therapeutic exercises
for spinal segemental stabilization in low back pain;
scientific basis and clinical approach. London.
Churchill Livingstone. 1999.

Richardson CA, Snijders CJ, Hides JA, et al. The relation
between the transversus abdominis muscle, sacroiliac
joint mechanics, and low back pain. Spine.
2002;27(4):399-405.

Snarr RL, Esco MR. Electromyographical comparison of plank
variations performed with and without instability

devices. Journal of Strength Conditioning Research.



310 | PNF and Movement Vol. 15, No. 3

2014;28(11):3298-3305.

Schoenfeld BJ. Squatting kinematics and kinetics and their
application to exercise performance. Jowrnal of
Strength Conditioning Research. 2010;24(12):3497-
3506.

Smith C, Nyland J, Caudill P, et al. Dynamic trunk stabilization
: a conceptual back injury prevention program for
vollryball athletes. Journal of Orthopaedic & Sports
Physical Therapy. 2008;38(11):703-720.

Stevens VK, Coorevits PL, Bouche KG, et al. The influence

of specific training on trunk muscle recruitment

patterns in healthy subjects during stabilization
exercises. Manual Therapy. 2007;12(3):271-279.

Vezina M, Hubley-Kozey C. Muscle activation in therapeutic
exercises to improve trunk stability. Archives of
Physical Medicine and Rehabilitation. 2000;81(10):
1379-1379.

Yang JS. Physiological responses to walking exercise with
added weight at different locations in normal subjects.
The Korean Journal of Physical Education.
1996;35(1): 1130-1143.





