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Effects of Gluteus Medius Strengthening Programs
on Lower Extremity Alignment during Single Leg Squat
and Muscle Activity during Gait

Lim Na Dan

Department of Physical Education, The Graduate School
Pukyong National University
Directed by Professor Kim, Taegyu, PhD.

Abstract

The purpose of this study was to identify and compare the effect of 3 types
of 6-week Gluteus Medius(GM) Strengthening Program (Clamshell exercise[CL],
Side lying bridging[SB], and Side-lying hip abduction[HA]) on lower extremity
alignment during single leg squat, GM strength, and GM activation during gait
among healthy twenties. A total of 32 healthy adults(21 males and 11 females)
participated in this study and they were randomly divided into three groups
(CL=11, SB=11, and HA=10). Before and after applying each GM strengthening
program, the lower extremity alignment during single leg squat, GM strength,
and GM activation during gait were measured. 2D motion analysis was used
to identify the angle of hip abduction and extension, Dynamic Q-angle, and the
angle of knee flexion in ipsilateral leg during single leg squat. The hand-held
dynamometer was used to measure manual strength of GM, and GM muscle
activity in from heel strike to mid-stance (HM period) and from mid-stance to

toe—off (MT period) during gait by using the electromyography(EMGQG).

The conclusions are as follows :



1. In the lower extremity alignment during single leg squat, HA group had
increased hip extension angle of ipsilateral leg during single leg squat after
applying 6-week program compared to before it. Also, when squatting with left

leg, left hip abduction angle of HA group increased after applying program.

2. All 3 groups showed a significant increase in GM strength after applying

6-week program compared to before.

3. The difference in the ipsilateral gluteus medius muscle activity of the
stepping leg during gait after the application of the exercise program showed
that the CL group had decreased GM muscle activities in the HM and MT
periods during the stance phase on right leg and the HM period on left leg.
The SB group showed decreased GM muscle activities in both HM and MT
periods during the stance phase regardless of legs, and the GM muscle activity

of HA group decreased in MT period during the stance phase on left leg.

As a result of this study, the HA exercise was more positive effect on
dynamic lower extremity alignment compared to CL and SB exercises, while
the SB was most effective exercise for strengthening GM during gait. These
results will provide useful information on the design of GM strengthening

exercise programs for rehabilitation and injury prevention of lower extremity.

Keyword: Gluteus medius, Single leg squat, Gait, Muscle activity

Lower extremity alignment
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A3 T

start

a2 8. 7t 2l 9 x|
(A:7lH 2= =0l60cm, B: FtH 2F 2 %|)



MT T2t

HM T2t

C: toe - off)

- stance,

B: mid

- strike,

(A: heel
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(Maximum Voluntary Isometric

ek

4) A

Contraction, MVIC)

i
M

ze]
"
plo

_ZTI

o

=

Z oo
= S—

i oh =k

9|

1 tH(Beth, Earl, Cobb

& Huddleston, 2012).
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a8 1. B2E7|2 Fd FoAH SHH 25=MVIC) £F

23 F fu7] ¢ FAHE 28HEE 2AE FH(mini DTS,
Noraxon Inc., USA)E AF&ste] +HEHAL, 38 S Y9 &
7} ¥ (band pass filter) 20-100HzE A}&3te] o)== I H ¥ (filtering)
st o, AaA el AlFH Al HZ(Rot Mean Square, RMS)S A8 3]
AEFstsidtt. =1 HeolHe Ewststr] fla] Al 94 X8 25
Z(MVIC)oll thgt M E-&(%MVIC)S 4= 3FS th(Mickelborough, Linden,
Tallis & Ennos, 2004).
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BN

Reps
/set

15/2

Curl
up

3% §X 3t AF AAR B

12/3 12/3

12/2

12/2

15/2

15/2

Bird
dog

SEER=1

vl 7] 7] 2 A2
WA e5Re F

FAo) W) = o o
Fol WA Jud B

= 3
jm

=

2] ddel

Hh St W zol AlE

12/3 12/3

Pelvic
bridging

12/2

12/2

15/2

v R 9 &npohe wiohs

MNA AR Fohth




® 3. 632 ZUEIZ 2F
AA F | =8 F AA F IR F | OAAH F | ARH F
+F Reps Reps Reps Reps Reps Reps
/set /set /set /set /set /set
12/2 12/2 15/2 15/2 12/3 12/3
Ao w9 JuHndy F=a4
Clamshell THREERE T
exercise 45° w9l
okulo Ho] Ao JddaAd Hy
A& A= 57
12/2 12/2 15/2 15/2 10/3 10/3
Aoz w9 o= FAE AA
e & WE 9
Side lying EHS WE A1 &8 FolE
bridging A% 02BN wol7 A
A% gels &k
g & JyolE o] AlAE 4™
NZ ZAA 2 B,
10/2 10/2 12/2 12/2 12/3 12/3
Side
lying hip
abduction Ao F9 oAE AAZE XX




5. A48 B A

] 99  EAEA(one-way  ANOVA) T IZF270%8~71A

(Kruskal-Wallis test)s AAletRow, 1LSD A4 E+ W-3EY

W eEZaY 4§ A% Aolg HAsy] A HEEE -3 4 (paired

¥

t-test) =& ¥€3<E &9 #H 4 (Wilcoxon rank sum test)S AFE8F AL,
AFEEE S Wl dga) s Z2ad g e Jd 1 4
28 gs g

RMANOVA)S A8ttt 25 A4 719 F52 a=.05= 24353

[40
Ol
ol
N
(e
=
&3
e
e
ol
Sh
r)«
Sh
1z

(repeated measure ANOVA,



A7 A%

IV.

= ATl A

+592 Side lying hip abduction, Clamshell exercise, Side

bl

"
B

o
oF

TH

bl

—
o

lying bridging

=K

i
o

&

J,MO
o0
_Z—ﬂ

1) €3Z=2a%9 H&ol w

H (Hip extension) Zt% A o]

o

¥
H

)

B

o

£}
ey

o

o
o
]

X

H

N
ﬁu
XM
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o
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N
o
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o
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=
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O

0

o
o
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!

X
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ﬁu
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X

olo

&
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-2 (one-way ANOVA)S A3k 2

2+ =7} clamshell exercise F©(127.76+10.52°)¥} side lying bridging
A eh(132.71+12.87°)o A side lying hip abduction F & (114.46+16.54°) H.

o}

bE|
=

I

5.249, p=.011),

H QO H(F=

Aoz 2l

==
L

Kol A eFSkeh(F=2.295, p=.119).
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e wrE=3 BEAFEA(RMANOVA)S AA13 A3} side lying hip ab-
duction Aete] &z A T oJuyad 3 7% (123.16+18.78°) 7}

=}

T2 HE A(11446+1654°) Bt} 718Gl EAX o2 F2)3% Aol

= Ho(=-2.828, p=.018), clamshell exercise(t=-1.715, p=.120) F <3}
side lying bridging (t=-1.715, p=.106) < 2|3t ZJo]S Ho|x ¢

22

i, ZRag Age e gy 1 454s &

o

k%)
Bl

o154 9

-

x2
o

(F=1.645, p=.210; 19 11).

E 4 25Z20Y N80 ©E AZ § ciz AYE A 55 g
A H(Hip extension) Zt= X}o|
9l: deg
Apply Exercise Program Within
Group Time*Gpoup
Pre Post group
CL® t=-1.715
(n=10) 127.76+1052 130.87+11.38 =120
SBP =115 F=1645
(n=11) 132.71£12.87 136.36+11.9 s, ° =210
HA® t=-2.828
(n=11) 114.46+1654 123.164+18.78 =018
Between F=5.249 F=2.295
group p=.011 p=.119
Post-hoc c<ab - - -

CL:Clamshell exercise, SB:Side lying bridging, HA:Side lying hip abduction



= Clamshell =——=Bridging Abduction

(deg) 140
135 -
130 ' -
125
120 —
115 al s
110
105
100

= e
L 1TTw

Apply Exercise Program

Mgo| WE A% # ciz| AWE A 5

—_ —_

=

=
=
A H(Hip extension) ZtE= Ato|



<E 5> & 673 FHEVT 4T $EEEaY Agd BE 02% @
tel 2HE F9 BE JUVE P 4% AolF HAY Agolth 2EZ

B EAHeR Fo7 Apolw= HolX| FhOoH(F=2295 p=119) FEIZE
a3 48 A JdEdBd H 2=V} clamshell exercise HwH(133.23+8.35°) %
side lying bridging # ©(135.66+8.73°)°l A side lying hip abduction F %
(122.104£898°) Bt} & Ao Z A E A (F=7.534, p=.002).
TEZEOY AL HAE FJd Y LEH JdBHAE FH 4% AolE <
3l7] 98] wrE=4 EAE A (RMANOVA)S AAlg A3} side lying hip
abduction F o eZ2I9 A& F JPHHE H Z=(12833+£12.79°)
7b FEZEaY AL H(12210+£898°) HT} FTUISIA T FAHOE f9
sk zfol & B ovk(¢=0.030, p=.976), clamshell exercise F H(=0.735,
p=479)3} side lying bridging $ ©H(¢=-1.715, p=.106)= 23k 2olE H
oA gott TR AL wE Jd F FsAE 2= F9

Foo g2 FAHJATHF=3.676, p=.038; L¥ 12).

i

rob



K

5. 25 Z 20 HMEo Wi 2LEF & Cf2l AFE A FF g4
S

A

24X H(Hip extension) Zt& X}0|

@$l:deg
Apply Exercise Program "
Group \grlf)?lgl Time*Gpoup
Pre Post
CL? t=0.030
(n=10) 133.23+£8.35 133.17+£7.11 =976
SB® t=0.735 F=3.676
(n=11) 135.66+8.73 134.39+8.03 D= AT9 =038
HA® t=-2.439
(n=11) 122.10£8.98 128.33+12.79 =035
Between F=7534 F=1.187
group p=.002 p=0.319
Post-hoc c<a,b B - -

CL:Clamshell exercise, SB:Side lying bridging, HA:Side lying hip abduction

—— (CL =——=SB =——HA
(deg) 140
135 : — T
130
125
120
115
110
105
100

Pre Post

Apply Exercise Program

a9 12 EFZEOY A WE 2E2F Tt AFE A
ZZ2 9y #Ad H(Hip extension) Z%E x}o]



3) EZEIY AL WmE 9F ¢ b 2FE A $F Dynamic

Q-angle =}9]

tte] ~2HE F<¢t = Dynamic Q-angle x}o]E <13 Ayjo|t}, &%=
2138 HE HE HG 7+ Dynamic Q-angle *}o] AFS s 4 Ak

X (one-way ANOVA) =+ Kruskal-Wallis testE A3 A3} &%

D
Fexza9 A8 dF HAd U 9% Dynamic Q-angle #Fo]E &<l
7] Y&l whE=A EAEA(RMANOVA) ®+ Kruskal-Wallis testZ Al

Ag A, A AY 2F eEzead A4 A% Fo 4@ Aoz o

o
=
x
50
x2
=
W
&
~

=2.583, p=.052, Z=-0.459, p=.646, t=-1.558, p=.150).

# 6 2SZ=23Y HE0 wE [EF 8 cfd] AFE A FF

Dynamic Q-angle X}0|

@$l:deg
Apply Exercise Program Within
Group Pre Post group
CL® =2.583
12.91+9.28 16.99+10.95 iy
(n=10) p=.052
SB® 7=-0.459
13.69+£6.63 14.45+5.22 A
(n=11) p=.646
HA® =-1.558
19.27+10.53 16.33+6.25 _q
(n=11) p=.150
Between group 5213%0 ];::07%%8
Post-hoc - - -

CL:Clamshell exercise, SB:Side lying bridging, HA:Side lying hip abduction



E A] &2 Dynamic

I

Fal

4) $Exz Y HLo u

Q-angle #o]

o

¥r
mJ

o]
)

bl

Fol g 3t

e

Dynamic Q-angle

=
il
o

O

o

o
No

&

% A< 7+ Dynamic Q-angle #}©]

S

Sl

&

S|
ZS|

2

9733}

k(2 F=0.027, p

A

o

1 o] A

24 (one-way ANOVA)

F=0.073, p=.964).

@ Y 9% Dynamic Q-angle *}o]Z &9l

NH

.El
e

X

olo

I

TH

B

o

-0.158, p=.878),
A=A e RTHE=0.343, p=.712; L& 13).

-0.719, p=489, t

0.230, p=.823, ¢

t

s}
ol

gz EE 2=

ks

]

=

)

u}



E 7. 2s=Z23Y HE20 w2 LEXE 5t Cle] AFHE Al S
Dynamic Q-angle X}0|
9l deg
Apply Exercise Program Withi
Group 1thin Time*Gpoup
Pre Post group
a t=0.230
(n=10) 17.32+8.97 17.56+9.20 =323
SBP t=-0.719 F=0.343
(n=11) 17.89+4.24 16.65+5.07 =489 =112
¢ t=-0.158
(ne11) 17.1549.20 17.00+8.46 o= ST8
Between F=0.027 F=0.073
group p=973 p=.964
Post-hoc - = - -

CL:Clamshell exercise, SB:Side lying bridging, HA:Side lying hip abduction

(deg), 1

CL

=l

Pre Post

Apply Exercise Program

13, 25Z20W HBo| ME QES § cfz] AAE

Al =& Dynamic Q-angle X0|
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AR A (one-way ANOVA) & Kruskal-Wallis test

a4

&l

% 9

th(Z-2 F=0.652, p=.5293+ Z-1.956, p=.160).

X
ul

JElo

NO

¥
H

o
ot
.Er
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X

olo

&
TR
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o

A BEAEA(RMANOVA) T3 Kruskal-Wallis test

0
o

)

o

MO

olo

&
TR

B

3}, side lying hip abduction § %9

pyl

A(73.76£591°) Bop 5

[©)

B Aot

Hel ZH=(76.93+7.04°)7F 5213 A

&l

=.045), clamshell

82280, D

=
=

-0.118,

lying bridging (¢

side

p=.480) 2

e (2=0.500,

exercise



cte|

==
S |

Cle] ARE Al B3

s

S
—

H|

OF

4

9l deg

Within
group
Z=0.500
p=480

-0.118
p=.908

-2.285
p=.045

t
t

Post
1.956
=.160

7712+ 3.46
p

76.93+£7.04

V4

66.27+£24.22

Pre
0.652

Apply Exercise Program

'75.21+8.40
p=.529

F

76.9415.07
73.76+5.91

CL®
(n=10)
SBP
(n=11)

11)

Group
HA®
(n=
Between
group

Post-hoc
CL:Clamshell exercise, SB:Side lying bridging, HA:Side lying hip abduction

6) TFTZ=IH H&

%

¥r
mJ
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)

ral
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JDO
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N
o
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o
il
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=
=

(one-way ANOVA) T+ Kruskal-Wallis test

S|
o

A

a9

&l

%)4

el
Njo

1.796, p=.407).

F=0.737, p=4873%} Z
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S A3 fE vHESA AR (RMANOVA) =+ Kruskal-Wallis
test® AAF A3, Al A wE 22y 4§ A3 T Fo% o] g

R A kth(zHzt Z7=-0.886, p=.386¢F t=-0215, p=.834¢ t=-0.592,

F 9 2520 HMZ20| g LEX ot Clg| AFE Al S5 Clg)
JFEH HE 2t Xo
@9]:deg
Apply Exercise Program .
Group Within
group
Pre Post
(,?312)) 76.95+9.09 66.73+24.10 Z;;%88686
i — 1
51 75714370 76.11+4,58 =0215
( ,11{:1?;) 73.43+6.69 74.38+7.30 t;;05.25%2
Between F=0.737 7=1.79
group p=.487 p=.407
Post-hoc B - )

CL:Clamshell exercise, SB:Side lying bridging, HA:Side lying hip abduction



1) 520y H & o
ANOVA) E+= Kruskal-Wallis test

p=287 % F=1.016, p=.375).

B

o

s

A
]

7}

.007). side lying bridg-

7] 2%0](0.99+0.10N/kg)

=

=

(e

2001 P

€ 7(0.86+0.09N/kg) H.t}

=

HAH~

E:L%] Z

=
=3

A EAEA (RMANOVA)E = Kruskal-Wallis test

A3} clamshell exercise HTe &%

(1.06+ 0.10N/kg)°] =&

1

3
RN
=
|

B

-2.636, p=.025),

R (t=

)

7}
Za9 48 §(1.07+£018N/kg)7F 4

1(0.87+0.19N/kg) .t} &

S
Tl

-8

2%

B

o

B

o -
o

n B3k

side lying hip abductio

-3.027 p=.013).

st rhe

S

7}

(¢

=

1(0.99+0.20N/kg) B.th

S
Tl

2

[©)



7212 2% =*o|

mj

of oot

M=
S

2

9l N/kg

Apply Exercise Program

Within

group

Group

Post

Pre

-2.701

=007

Z

1.06+0.10

0.86+0.09

CL®
(n=10)

-2.636
p=.025

t

0.99+0.10

0.87+0.19

SBP
(n

=11)

-3.027
p=.013

t

1.07+0.18

0.994+0.20

HA®
(n=11)

1.016
p=.375

F

2.500
p=.287

Z

Between
group

Post-hoc

CL:Clamshell exercise, SB:Side lying bridging, HA:Side lying hip abduction

2) $Exz g Lo u}

¥r
mJ

o]
)

FAHEA] (one-way

o

ANOVA) E+= Kruskal-Wallis test

2.286,

F

i

N
N

i

TH(

-,
R

0

B o] A

-
R

=.137).

=3.982, p

p=1203 Z

B

o

/:‘:]

A BEAFEA(RMANOVA)EE Kruskal-Wallis test=



0.12N/kg)H.t} 5 7}3}
ATH=-5.247, p=.001). side lying
bridging HTAE LeZ2ax AL F FHEIIE 2809+
0.17N/kg)e]l +&zZ=a5 A8 H(0.76+0.32N/kg) .t} 7}k aL(7=-2.401,
p=.016), side lying hip abduction %3 % x213d & 3(1.11+0.17N/kg)

7F A4 7(0.98+0.21N/kg) Bt} Z7F8F 4 th(i=-5.484, p=.001).

o9l N/kg
Gr Apply Exercise Program Within
i group
Pre Post
(s 0.8740.12 1.07+0.13 52T
i -
51 0.76:£0.32 0.99:+£0.17 2-2401
( ,I{I:ﬁ) 0.98+0.21 1.1140.17 t;;%é(lﬁél
Between F=2.286 7=3.982
group p=.120 p=.137
Post-hoc - - _

CL:Clamshell exercise, SB:Side lying bridging, HA:Side lying hip abduction



712 28AHE zo

1
Nio

s

3. B3 A

AN Al &

1

=]
=

iy T 9% 4UH

=

Ly

1) S5z HLo u

A

p=.800
-2.934,

)

&

oA

}

0.446,
L

X (one-way ANOVA) &

2

Al
1

4 EAHEAN(RMANOVA)

eh(zt
0.192, p=.826).

H o] 4|

-

2347, p=.043, Z=-1.778, p=.045 Z

Aol

1

9
yul

SE
Z=0.147, p=.929, Z=3.882, p=.144, 7
=.033),

(27 7

[e)

T

-2.134, p

Kruskal-Wallis test

Kruskal-Wallis test
FAALE

-

clamhell exercise F &2 2% MT 7, side lying bridging el 9%

HM=} MT %}, side lying hip abduction &te] €1 HM -

L
e
s
it I

2
p=.003, Z



E 12. =23 HE0
SUE7|2 ZEH X Xto

e 28 5 2% ClEY AFHM S5

= %MVIC

Apply Exercise Program Y Time
Phase Group \grlg?lgl *
Pre Post Group
L2 t=-1.091
(n=10) 25.67+£9.15 19.984+19.46 304
SB® Z=-1778 -
(n=11) 30.77+£9.34 20.70+13.41 =045
HASC Z=-2.134
HM (n=11) 24.33+15.62 18.91+9.37 =033
Between 7=0.446 Z=0.147
group p=.800 p=.929
Post-hoc - -
a Z=-2.347
(n=10) 14.84+6.18 8.74+6.52 =043
SB® Z=-2.934
(n=11) 15.24+7.18 7.65+557 =003
HASC t=1.788
MT (n=11) 10.10+£6.49 7.32+4.00 p=.104
Between 7=3.882 F=0.192
group p=.144 p=.826
Post-hoc - -

CL:Clamshell exercise, SB:Side lying bridging, HA:Side lying hip abduction

HM : heel strike ~ midstance
MT : midstance ~ toe off



2) TFZEIY A& WmE RY T LEF HHET AFHAAN FF

ZEIZ Z2FAHE zo)
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4
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11t
>,
rol
i
i)
Mo
offl
[
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I
=
)
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o

p=174, F=1645, p=.210), X203 A& A FHEI| L 24T &
E% HM T3t clamshell exercise FTH15.73£5.04%MVIC)#} side ying bridging
HeH(15.35+8.90%MVIC)©] side lying hip abduction F ©(8.50+4.34%MVIC)
Hoh & Ao=® glH At (2=8.820, p=.012).

vEZEIH A& AF e W B F 28X T NHAAN 5 F
FE7IE ZEEE Aol FUst] A& REESA EAHEA (RMANOVA)E
+ Kruskal-Wallis test& AA|s Ay, Fez=za5 A8 ARt o
clamhell exercise &2 2% HM 7+ 2% MT 7 side lying
bridging H&e] &% HM¥ MT F3tolA FostAl 7HAashd a(Z7)
t=-3.288, p=.009, t=5.974, p=.001, Z=-2.490, p=.013, t=2.829, p=.018), +-&
2EaH AL mE FJd F A Zde LE8E MT 7oA &

1= ATHF=5.096, p=.013).



E 13 2s=Z21Y HEo wE H & LEX Clg e AFHAM
S5 SUHEI| 2 2EH T X0|
@+$1:9MVIC
Apply Exercise Program Y Time
Phase Group W;g?lln *
Pre Post group Group
a t=3.288
(n=10) 32.17+15.94 12.91+9.28 =009
BP Z=-2.490 -
(n=11) 32.06+19.37 18.19+11.13 =013
4 t=0.115
HM (n=11) 21.46+12.31 20.98+8.42 =910
group p=.166 p=.174
Post-hoc - E
GL& t=-5.974
(n=10) 15.73+5.04 6.414+4.68 =001
SBP =2.829  F=5096
(n=11) 15.35+8.90 751+457 =018 =013
¢ t=0.057
MT (n=11) 8.50+4.34 8.39+4.53 =956
Between F=8.820 F=1.645
group p=.012 p=.210
Post-hoc c<a,b -

CL:Clamshell exercise, SB:Side lying bridging, HA:Side lying hip abduction

HM : heel strike ~

midstance

MT : midstance ~ toe off
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Post

Pre

Apply Exercise Program
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8 14, 5
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2 AT A4 200 AdEy 329eS ddew FEVL FEE
3k thE A2 %59 side lying hip abduction, clamshell exercise, side
lying bridging$%< X33 Sz 2 78S 657 A8l T2
& A5 57 ALY FEVIS oY 2 B F FET| S 2
Qe Aol7b d=A ot izt s 1 A, & tE AFE Fek
side lying hip abduction $@ol A vt tjd

$xead 44 And A8 ¥ B457 fea F/sdn
o

T TS hA Y] dEHEE &

7)
7HE7 2 2382 side lying hip abduction, clamshell exercise,

side lying bridging & REF &sZEI9 2§ dHth Fo {3

MT %}, side lying bridging el 4% HM3} MT 3}, side lying
hip abduction F&¢] 92 MT Tl oA 7F4sHsd .
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