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Effects of Gluteus Medius Strengthening Programs on Dynamic Leg Alignment
during Single Leg Squat and Muscle Activity during Gait
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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 dynamic leg alignment 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(n=10), SB(n=11), and HA(n=11). Before and after applying each GM strengthening program, the dynamic leg align-
ment during single leg squat and GM activation during gait were measured. 2D motion analysis was used to identify the Dynamic Q-angle
in ipsilateral leg during single leg squat. 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(EMG). The difference in the ipsilateral gluteus medius muscle activity of the step-
ping 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 MT period on left leg. The SB group showed decreased GM muscle ac-
tivities in HM and MT periods during the stance phase regardless of legs, and the muscle activity of HA group decreased in only MT peri-
od during the stance phase on left leg. These results will provide useful information on the design of GM strengthening exercise programs
for rehabilitation and injury prevention of lower extremity.
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FHE7Igluteus medius)S B FHIE HPZTo =M

Hke] Juim upZellA dokeim e FE7|(greater trochanter)
7 B2 RAE Boke] 250E Jued dY, 3, /EEY
-8-2 JIHGottschalk, Kourosh & Leveau., 1989) 18y} 23] A
HE712S OE7] FhellA S92 A7 243 A KA

FAE 371 Sl Ay 2vjd 7k ETE FAshetl
(Neumann & Cook., 1985) Z1Ha7]12] FUEA} &8 50l
Hlo/gz oz WAsHA & 790 skAe Figo] wAskA "ok
olg% FHEVIZY 7IeHAL A 2 Fg &4 o] H
71% AR o ofA] 9 sE] &g o) TR B F
For FETIZY VAol M |E ITHAISE, 2020).
SAHE7I2Y o3l 9 75 RAd Y vAE QRloE fPH
A ERTMIY, sk &4, S & 9 Judde) AR ¢
T 5 284 29l(Presswood, Cronin, Keogh & Whatman., 2008)
I Aels e AR 2ol 3% vl AFE ARt A 9
AU G082 79 JEIAS B3¢ FEHE A= T Y AAF
82lo] ok 53] olH3t A 81l YHEHE EeAMAE &
PEt FABHA st FTHETIZo] 7K AR dolE dojA 2
& NAAANZ 02N FEIES ASIAIZITHBewyer & Bewyer.,
2003). FHEZIEY] ol A= SSw{Fredericson,
White, MacMahon & Andriacchi, 2002), F2ddg|EZZ3%7
(Cichanowski, Schmitt, Johnson & Neimuth.2007), JAE#HE ==
QA Al o] £4HFord, Myer, Toms & Hewett., 2005), F-Smj¥
A, wgRrE ROy A(Friel, McLean, Myers & Caceres., 2006)
S 2 A &4 2 75 Aske fdsketl, 53 e
7129] 715570 Q-ZHQ-angle)oll FF-S v HolF-EL of
71stH, FEME wEEoR Pl ske SAY = FTIRH
ol FEw upgE 97lS thErHBaffa, Felicio, Saad,
Nogueira-Barbosa & Santos.,, 2013). F7H27|23 28 Juad
FH 5L B39 A &xo 7P E FFE THE AL
2 484 9=u|(Nadeau & Gravel, 1999), A F 280)
AR B S EokA HE RS sk B¢ 559
7K w33 duHd 3E9 Helo] uyehH, tid”|(stance
phase) & E&F7|(swing phase)?] 34 FAE HE & A& T
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A 1133) A7} UehtA FckGranat, Maxwell, Ferguson, Lees
& Barbenet., 199). o83 HFS2 #8 sHl= TS HIA
P Age] T FE Aok si%itilee, Kim & Koo,
2015).

3 o] ~FE ZAKSingle leg squat test)E AME-3F SR A EH
7he YRHE 25 7Te] EFEUEA, A FHo
V=R ks Qs Sl A % AMeEE 9 87
Z(Livengood, DiMattia & Unl, 2014), 3+ t}g] ~AE F3te| og}
< Y 259 AEE W F e 28 A 5(cose
kinetic chain)®] g+ #ejolH 3A9 28 & 2 oA 54 B
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g s 34s] ss anQd doldiButler, Plisky,
Southers, Scoma & Kiesel., 2004). T3k B3 F ZZHT A=
HI AR 584 84E ERIsH, omil o|fE W9
7FsAT 259 Dol o] AA WA He WA S
A3l Azo] 83sh] A &Rl Wb =7k 9
(924, oA, T4, AAY, 2004), FHE7Z S48 37
7] S8l Hae Hrlshe 2l F8sitta 3kt Ganderton,
Pizzari, Harle, Cook & Semciw, 2017).

SHETE A3k e WA g 2 A A
A F23 @4y RuEQv(Fukuda et al, 2010), H FUE
712& 37171 f1g B A7Eo] s Qlrk Distefano,
Blackburn, Marshall, & Padua2009)& ¥4 A= ZHAE ARgs}
of 1271A]¢] B HEs & d8 IS E4EE
Zlatsi=e, side lying hip abductiono] F3He7|2<e 7 84
3N7)E Ao® Basks]al, Selkowitz, Beneck, & Powers(2013)0]
7% A Ao 2 side lying hip abduction 253} clamshell
exercise 3¢t $HE | CEAHEE ERIF AFlAE clamshell
exerciseo] FHE7|2 A 7P ARAQ EEolztal Halstyl
oh =S U, H9  ASAIE B 2AEE A8l
o] side lying hip abduction, clamshell exercise, side lying bridging
< MW, o] Fof side lying bridginge] X7 7Sl
7P ZaFolgia silth olF % FXHEVIE AskeEe] Al
gk ot A7-50] olFALL o, Ao At dAst
2 &3 =), ol WY 5ol sl SRS g8
<= ZEIHS 51 i dAtlA A7t A8ekA]
A Bo] & Zo® A, FHETIE Astel] Azl
& 3 ¢xxEad AL W FE 3 v 27
Eu By ke Fal A5 AFE o]FolAA &sith mEkA
B Ate SE7IE %< side lying hip abduction, clamshell
exercise, side lying bridging +-5-5 3FTOE UFFo] 6531 50
&7 I Agato 3 te] AHE HAE AR §kA] A8
B3 F ZEAE Wk SO SIS SRR Y
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No.: 1041386-202105-hr-20-020), ThAAllIA| 2 GAFte] Bz} v}
W, B 5o tlel A3 sk Hol BN HBe wet
o WG 1 ATEANE 54 5342 Susig, AT 3
NN FE WA WS gskon], ATAe Ll

EANL (% DI 2tk

E1 o7ChRo] A S4

i} &, %) o sy =7
=] of (A (om) k9
CL 7 3 2300 171.74 7190
(n=10) (70 (30) 182 +535 +1320
8B 7 4 2445 17009 69,04
(n=11) (636 (363  +254 +597 +1357
HA 7 4 2363 17190 7163
(=11) @39 (363 215 +546 +15.12
2p) 0,123 3067 0608 0257
/2p) (%40 (217) (r39) (880)

CL:Clamshell exercise, SB.Side lying bridging,
HA:Side lying hip abduction
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3] & the] 27E A Dynamic Q-angleS I3l &
FE ZAAE 93 712, AZ 0em 4 A-E BAEA,
Aol A& whEo] Aol 2wA Wiy} HEX7} dAEESE §
gk 3 vl 2AEE BAE AR A6 @ 2R AFE A
Asta, B gele JYad 465, FEREL oF U5 334
M2 AZkslod(Livengood & DiMattia, 2014), 6% o|ujoll F-E34
o doelmel 7w Alz 1205 ol & thE] ~HEE s
A AR AR Boles®  wSslitHHerringon,  2014).
Dynamlc Q—angle° 223 73 S0k Yokelmel A ARl
7} 1205004 E43HaL, s2tel ok 2488 Sl 33] AES
AAT F 33 ke V1saiglon], FEUd #Y A Uo
mo} 7w ARSIz 1205 wgto|lAY #8& FA3A EelS
79 AZAs19HHerrington, 2014). ZA7Ee 33 =43k ko
HS A2 AN, YA onid A Aws AaE
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1) s22H

S 11471 2HAXIS P1365 Network Camera, AXIS Inc.,
Sweden)E ARg3te] ofmpd(frontal plane)¥}t A% H(sagittal plane)
oA o]FofFtt 3 T AFE B I FHS Slal 2m A4
dm Foll A2t el 3tiE AXAF o, FhEke] EolE
60cm= 1A THDingenen, Malfait, Vanrenterghem, Verschueren
& Staes., 2014). =319 AEE= Dartfish T Team Pro Software
6.0(Dartfish USA Inc.; Alpharetta, Georgia, USA)E ARgato] B4
Stk

@ &4 79 € B4 &%
g o] 2FE B FEEAS H8l ALIFMIIA, TS
Y, A7MARE, BT, 7GRN, doiem &g
Ag7), doEmEE7d vhAlA S 226 thDonohue et al.,
2015). 3 o] ~FE 75 WA #3 A driemel g7 Alo]
Ay 120‘: e AR E S B st ol BEm Ak
TEMEds A4 ﬁhl 8% ‘““174 AARE FEmEYd-s dAT
Mol mARsle] o]F= Zt=E Dynamic Q-angle(Biedert &
Warnke., 2001), A% t&oﬂﬂ 5 W w3 A o ek g7
}‘317#:% doiemyedg719r dremEsr), 7IEEAmE
Ak A og A5l tiDonohue et al., 2015).
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292 WA g, FEolA a2 QJR|o gl A
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27, a7, 7] AlS dAsted(Neumann & Cook.,
1985) A7 ] (heel strike) 78] FZHT 7 |(midstance) A 741 E
HMTEe = Aolsllal, $3H 7 I(midstance) ] 271etw]7)
(toe  ofIAFA7IAE MITEe R Aol3FthSemciw, Green,
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Q) A% A 9 532 59
B3 Al F7HE7)Hguteus medius, GO 2EHEES 2HE
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Q) AU Fod THA ZL5(Maximum Voluntary Isometric
Contraction, MVIC)
FUHRI2E S U PAE Qo= A & F ok

el 242 ) o e g
&AM, 28 o] 75 JuEs Hi AN 0=
WY SEE mSIGom, A Wl YHoE A
THMcBeth, Earl-Boehm, Cobb & Huddeston., 2012; 738 1). 2 <
Zokh ) ol $HY 25HMI0S 523 3518 a3
FAE FA0k Z4E g 48 ol
A 125 A9jsta 3x7te] Bagks AMEslNla, 33 44

ov), 24 ol 15zo

e WEghe Sl AR By

E

o 831k

T 1. ARORSHATSS

@) 2= A5TH
By F O] g2t SHE o4
Noraxon Inc., USA)E ARE3le] 359,
9 %3 "E|(band pass filter) 20-100HzE

LR =

Agste] o

0= FIAZ AA

Zers =9

o= T A

B (filtering)a}31 0, #5384 Root Mean Square, RMS)<
FEskel7] el A

ARgete] ARsleidith. o
o)A BHA ZEEMVIO i

e Holes

(Mickelborough, Van Der Linden, Tallis & Ennos., 2004).
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%9l CL, SB, HAS AH&3ldth 6527 & 33] 3082 23] tjd
o= 13 oA Hdes NA]o}giJ_(;{ 2, L% Yol
=5 dolzo wet Agslgen, 235 AR 5 I A

I T AE == 345 %7%]71‘@
4, R1=2x{2|dh
B e £249 BE A8E= SPSS 230 for WindowEA Z&

%
sto] EAatylth BE Abge] oisl Shapiro-Wike] %
ol mel BeAA Ee HESAE WS ARSI

=4 2 eEze o A8 A% A
171 $13] wle] Aol wet 7}0111]*747§(c}11—squared
testz} YAEAHEM(one-way ANOVA) EE AZ1Z7-de] 714
(Kruskal-Wallis test)-& AA|3}3%.2™, 1L.SD 74;4 = -3 ey U
Z%(Mann-Whitney U test)& 53] AR (post hoo)l& AAI81
o el SEzEIH ﬁ% A% Aolg lsl] sl e
E t-7AA(paired t-test) EE Y9I %H?J A7(Wilcoxon rank
sum test& AH8SIAL, % = WSSk Wl il &=
25 Ao e At 43 —}% Eﬂr— gRlsk7] sl BHE
ZA B A (repeated measure ANOVA, RMANOVA)S AA1&1
o BE BAY f9 52 «=062 HA3I%Ith

1

B3
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SHXIAZE(Dynamic Qrangle) X10|
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673 SXHEVIT At LRI A8 TE
s the] 2~FE §9 5= Dynamic Q-angle *}o]E&
A A8 A% B It BARCE fo%
Aol Ho|x| dgku(Zbzt 741910, p=385 ¥} £X0.308, p=737),
+ErEIH g A% Hd Y 9% 3 v ~FE 3 55
Dynamic Q-angle x}o]& &1k 744 A A nE oExe
A A 3o FoF Aol YERA BQTHAZ 12,583,
=052, Z=0.459, p=646, ¢=1.558, p=150; 3 3).
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o Gl S 5 A L 7 Chm) 7 opsim 7
= Reps / set Reps/set Reps / set Reps / set Reps / set Reps / set
12/2 12/2 15/2 15/2 12/3 12/3
Clamshell —
exercise 1)goz =of ez P2 45° =8
s =01 Mol SR U2l JAR XM= =7
12/2 12/2 15/2 15/2 10/3 10/3
Side lying bridging 1)goz =9 o2 AHIE XX| 222 2 U=9X| JE2IS U= 21, &2 =02 2F 2= =02 1F 495
CiRIE =0t SHIE & dH0E S0 Mg B3
B} A =7
102 102 12/2 12/2 12/3 12/3

Side
lying hip abduction

)02 L2 opjz

SHE AR 2E229| =2 HEr|7<| JYPo=z F2 KMoM o FEN FEER 30" =g 491 Y22
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I 3. & Cl2| A7E ¢t CEE Dynamic Q-ange X[0|

ol
esme
ces e G
B ¥gd g% =
Cla 1291 16.9 t=2583
(=10 928 1095 =052
SBb 13.69 14.45 Z=0459
(=11) 663 4522  p=p46
op HAC 1927 1638 =158
= (n=11) +1053 1625 =150
aepy 21910 F0308
e =385 p=737
Post- ) )
hoc
Cla 17.32 17.56 0230
(n=10) +897 920 =823
SBb 17.89 16.65 =0719 0343
(n=11) +424 +507 =489 p=712
Q=X HAC 1715 17.00 t=0158
(n=11) +920 +8.46 =878
aepr 007 FOO73
S =973 =964
Posthoc - -
CL:Clamshell exercise, SB:Side lying bridging,
HA:Side lying hip abduction
6577 FEIE A3 LETEIY R wE o2& 3
th] ~FE 5¢F 5= Dynamic Q-angle 0|2 013 A3} &

Fread He AT JWt FAHCE foF Aole RHolA
orolai(Zkzt F0.027, p=9737 Z0.073, p=964), L5x= T8 =
& A% A9 W 225 @ o] 29E ¥ F5 Dynamic
RIGH Ax} Al Adk B 5z A8 A
I Fo o AolE UERRA ektom(Z7h0.230, p=823,
t=0.719, p=489, t=-0.158, p=878), LTI Z 1% Lo W= Atk
F RS ZIE SR1ER] UQITHF0.343, p=T12).
2. 28 A| S22 |2 2T 1j0|
g A-eA 5= SIS SR AolE RIS 4
sx= I3 A8 g gisf el Aol HolA| &Y
Z0446, p=8009} Z:0.147, p=9299} 73882, p=1449}
70192, p=826, ¥ 4), L2273 AL AT th) 284=
Aol SR g HETE $o CL Fde| 9% MT 77t
(Z7=2.347, p=043), SB ko] £ HM3} MT 73Kz Z=1.778,
p=0458} 7=2.934, p=003), HA Fre] 912 HM T7HZ=2.134,
p=033) A frofstAl st o, X2 8o e A
Ot 4SS e $9tth

N

sSUE12

0.

Mo & I

ox kI md rlu

o]

Aols Y A Fole U BAHCE st
Aol Kol Wgkoiztzt F3593, p=1669+ F=8.820, p=012,
F=1.858, p=1749} F=1.645, p=210), +EZ=2 1% & A (M2
712 SEAET} QB2 HM P4 CL HeH(15.73+5.04%MVIC)
7 B FH15.35+8.90%MVIC)o] HA HtH8.50+4.34%MVIC) Hr}
2 Aor FHYMIB820, p=012), LEZ2IHW AL AZ
A ) ZZAHE 2ol L5ze T8 A8 H By} Fo] CL 3
tho] o2& HM F7F (/=3288, p=009)7 SEZ MT T3t
(¢6.974, p=00D), SB ko] 2% HMzt MT #7HZHz Z=2.490,
p=013, £2.829, p=018)ollA] folaiA 7raslyy, LBz 7
2 go| e Hot A5AE G QEZE MT F7lolA gelg
ATHF5.096, p=013).

T 4 28 =01 2 ClEi 271272 ZEIME X|o|

o O

Ci2L:9%WMC
S
2 el 2
¥z mg3 ae
Cla 2567 1998 t=1.091
(n=10) 915 +1946 =304
SBo 07 00 178
(=) 934 +13 41 =045
HMV HAc 2433 1891 Z=2134
(=) +1562 937 =033
aepr | 2046 20147
S =800 =929
Post-hoc - -
Cla 1484 874 =2 347
(n=10) 6,18 652 o=043
SBb 1524 765 Z=2934 _
(=) +7.18 1557 =003
MT HAC 10,10 732 t=1788
(=) 649 +4.00 =104
aopr | 2882 A0
= p=144 =826
Post-hoc - -

CL:Clamshell exercise, SB:.Side lying bridging,
HA:Side lying hip abduction
HM:hed strike ~ midstance, MT:midstance ~ toe off
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H 5, 2 5ot 922 Clglt F71sI2 28T X0
B2 %WMC
eI Al
| I T
T o e M
Cla 3»17 1291 =3288
(n=10) +1594 +928 =009
SBb 3206 18,19 =249 )
(n=11) +1937 +1113 =013
HM HAC 2146 2098 t=0115
(m=1) +12.31 +842 £=910
=P} =359 F=1858
S =166 p=174
Post-hoc - -
Cla 1573 6.41 t=5974
(n=10) 1504 +468 =001
SBb 1535 751 t=2.829 =5.0%
(m=1) +890 +4 57 =018 =013
MT HAC 850 839 t=0,067
(n=11) +434 +453 =956
=P} 8820 F=1645
S =012 p=210

Post-hoc c(ab -

CL:Clamshell exercise, SB:Side lying bridging,
HA:Side lying hip abduction
HMW:heel strike ~ midstance, MT:midstance ~ toe off

v, =9f

3 o] 2~AE F 5= Dynamic-Q angle2 Al g =% &
FEZIY g AFo Fog ZJolE YeRIA W9k, FIHE
712 LEEEIY Ago B B F Ods 2o 5= ¢
712 AR Aole eI eXE a3 FE T 7t
2712 28457} CL Ade] 922 HM 7713} 9& MT 7%,
SB Hthe] &% HMZ MT 7%F HA Hehe] 92 MT F7holA
ofstAl ZHasth Q-7 F7h= skAY A= A 71
& ¢ ok dFsh, JdudE mea A ok =98 &
THA FEue @5 WAL FE 55 718 £ ot
1 319 7(Heiderscheit, Hamill & Emmerik., 1999), 72712 7
8= Dynamic Q-angled] FA2 Y& vXthal s thHuberti
& Hayes., 1984). RItj2 vt ojshs didos FHE7] ofst
£ 7 WA1A PRPS et 1733 djz2wS Wro] Dynamic
Q-angleS H7igt MeATolx= F e 7+ Dynamic Q-angle®]
Tolg Aolg UehlA] doktty Bastia(Kwon, Yun & Lee,
2014) & A7 A w3 Y| FHEVZ SETEIH BT A
£ A3} Zof Dynamic Q-angleol] I3t Ajo|E HolR| ekgh=t),
ol A¥l= 3 the] ~FHE F<F Dynamic Q-angle 4 Al %
FE mAe =Nk AT dokew el AAdme] 3d A
g 5 gE skx HoEY Hggog ols) 23 zol7} YeRIA|
%o 7 o7 AZFETKShultz, Carcia, Gansneder & Perrin., 2006).
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o7te] YHTH e A By A AFS Hd) 4~5 Hj<
3% ZAvyw(Bergmann, Graichen & Rohlmann., 1993, 1% %3t
27128 Fo ouid Uygdog 289 AY HEo By 3
= T A A I T et = e o e s o Ko e
W EE71 55557 7R ddRke FHErE g B
Ok 7M7) ¥ 22AES Hlwd A A3 tPdAelA
FHEZIZ g0l #A UEa, FHEVE 228EE @A
UeRttha B 1819 tHGanderton et al., 2017). & AFolAE &
FEEIY g ARG Fof FHES 2RI} CL HH
QB2 HM 2} o8& MT 7%, SB Fwe] 9% HMs} MT +
2 HA Feke] & MT bl A folshAl #4sigla, CL A
o] 912 HM 73} HA Jehe] 982 HM 771, % MT 731l
= Pashe A%S 1Ytk ol Avke SUEVIE Aspt
T80 ZAE WEo] ke wEox O e LU mFjow
o 2 715A4de] 7FssHAl sk, o= <lEl B F Ao
55 55 & "aio] o8] FUHEVIEY SE4E) Ut
UERITH= Ganderton et al.(2017)9] <7te} #H 9le Aoz
Zren) ®3 HA &5 F B AT LEre Y He I
E TR 2awdt SHEYT 2SI} frolsiAl Akl
Hhdel CL e} HA ek frolsiAl ZasiAY ashe 743
S Ueho] A &5 BF V2 F8lel &3} gou,
B 50| FHE7IT A3l B} a7Folgle gzl 5(2019)
AT Ao} IS Bk
T2 sk Yo 25 3 B A
T AGME 8% Sholth FHETEY F840
M FEZT Al g Be ATEe] IR
Wb GAsHA ¢l Tk
A FE ASEE ]
S35l A 2FY a8
73 oAl A A-este

o

>~

X w

¢
of
B oo

ogk

ﬁ(l’)

H

%5
AT
Sank AP whepA B HATl
52 CL SB, HA 2%5& 657 4
Al shAE & ArelM A
7|2 ool Y SAlA 28

oL
o o =
=2 i 2 oox

<

i ey

ofy

she e olelgol 9tk F5 ATl FHEIZ k5 M
WaAE sl a7t A

Bk A F oy 2 AT @
Ao FNEIT Ao 488 ARE ATL 5 AL Aow
Az

o

V. ZE ¥ Mo

B ApoMe 47 b2 FE7IE 691 CL, SB, HA &5
T odl o] VI A3l 7H FAHAYI YT A
A BRISIAT g 22 AES ATk A, CL, SB, HAS S
2% 54 3 g ~HE 5<F Dynamic Q-angleo] 3
S A= AL gRlskA] Xtk &/, SB &5 447 A
259 By B SHEYS Aslel 32 FFE A
Ao E Yehtt o] AolA SB &%5o] CL, HA &5Rt} FHE

?i}‘l
-
ﬁ
ri
ol
i
f
o -
Ho
offt
m
4
o
=
n)
3



F8T ARE ATT 4 YL A0 AAHD, FF AT
FE712 ofzo] Yt o FNEIE 59 ENE A4S
g 8ev} gle Aow Az

st
=
R

, ZA8F Q17). AT =Rl o] SASkEAH B
9 BN o] B, L5 F47] 140), 61-67.
LB, ZAP]. (013, PR B4 ol2 2Hg HE: F
m 2]},
A7), wAe, E8. (019). 34 ZHEE 53 HIAH <vd
o Ao B 2. gjgiE )X E8)5]7) 311), 62-66.

A8 020). FE A3t L5 Al s #4Y  FE 7L
I AT 2 B B 2 5 Aol mXlE
g m|ZHY AARER R it tieked, A€

AdY, o184, F4F, ALY (2004, §F THEE T3 HYA
WA B B BN, gfF 7] H 887,
A1), 45-51.

Baffa, A., Felicio, L., Saad, M., Nogueira-Barbosa, M., Santos, A., &
Bevilaqua-Grossi, D. (2012). Quantitative MRI of vastus
medialis, vastus lateralis and gluteus medius muscle
workload after squat exercise: comparison between
squatting with hip adduction and hip abduction. Journal of
human kinetics, 332012), 5-14.

Bergmann, G., Graichen, F., & Rohlmann, A. (1993). Hip joint
loading during walking and running, measured in two
patients. Journal of biomechanics, 268), 969-990.

Bewyer, D. C., & Bewyer, K. J. (2003). Rationale for treatment of
hip abductor pain syndrome. 7he lowa orthopaedic journal,
23 57.

Biedert, R. M, & Warnke, K. (2001). Correlation between the Q
angle and the patella position: a clinical and axial
computed tomography evaluation. Archives of orthopaedic
and trauma surgery, 1216), 346-349.

Butler, R. J., Plisky, P. J., Southers, C., Scoma, C., & Kiesel, K. B.
(2010).  Biomechanical —analysis of the different
classifications of the Functional Movement Screen deep
squat test. Sports Biomechanics, 94), 270-279.

Cichanowski, H. R., Schmitt, J. S., Johnson, R. J., & Neimuth, P. E.
(2007). Hip strength in collegiate female athletes with
patellofemoral pain. Medcine and scence in sports and
exercise, 398), 1227.

Dingenen, B., Malfait, B,, Vanrenterghem, J., Verschueren, S. M., &
Staes, F. F. (2014). The reliability and validity of the

=
Q=

o
ful
e

=

measurement of lateral trunk motion in two-dimensional
video analysis during unipodal functional screening tests in
elite female athletes. Physical Therapy in Sport, 152),

117-123.
Distefano, L. J., Blackburn, J. T., Marshall, S. W., & Padua, D. A.
(2009). Gluteal muscle activation during common

therapeutic exercises. journal of orthopaedic & sports
phlysical therapy, 347), 532-540.

Donohue, M. R., Ellis, S. M,, Heinbaugh, E. M., Stephenson, M. L.,
Zhu, Q.,, & Dai, B. (2015). Differences and correlations in
knee and hip mechanics during single-leg landing,
single-leg squat, double-leg landing, and double-leg squat
tasks. Research in Sports Medicine, 234), 394-411.

Ford, K R., Myer, G. D., Toms, H. E,, & Hewett, T. E. (2005).
Gender differences in the kinematics of unanticipated
cutting in young athletes. Med S Sports Exerc, 3A0),
124-129.

Fredericson, M., White, J. J., MacMahon, J. M., & Andriacchi, T. P.
(2002). Quantitative analysis of the relative effectiveness
of 3 iliotibial band stretches. Archives of physical medicine
and rehabilitation, 835), 589-592.

Friel, K., McLean, N., Myers, C., & Caceres, M. (2006). Ipsilateral hip
abductor weakness after inversion ankle sprain. Journal of
athietic training, 411), 74.

Fukuda, T. Y., Rossetto, F. M., Magalhdes, E., Bryk, F. F.,, Garcia
Lucareli, P. R, & de Almeida Carvalho, N. A. (2010).
Short-term effects of hip abductors and lateral rotators
strengthening in females with patellofemoral pan
syndrome: a randomized controlled clinical trial. journal of
orthopaedic & sports physical therapy, 4000), 736-742.

Ganderton, C., Pizzari, T., Harle, T., Cook, J., & Semciw, A. (2017).
A comparison of gluteus medius, gluteus minimus and
tensor facia latae muscle activation during gait in
post-menopausal women with and without greater
trochanteric pain syndrome. Journal of Electromyqgraphy
and Kinesiology, 33, 39-47.

Gottschalk, F., Kourosh, S., & Leveau, B. (1989). The functional
anatomy of tensor fasciae latae and gluteus medius and
minimus. Journal of anatomy, 166, 179.

Granat, M. H., Maxwell, D. J, Ferguson, A. C, Lees, K R, &
Barbenet, J. C. (1996). Peroneal stimulator: evaluation for
the correction of spastic drop foot in hemiplegia. Arciuves
of physical medicine and rehabilitation, 7A1), 19-24.

Heiderscheit, B. C, Hamill, J, & Van Emmerik, R. E. (1999).
Q-angle influences on the variability of lower extremity

SEvI2 2E 23Z=030 & L] A7E Sot SHSIAIEE 23 Al Z2E=0l 0ixls g 195



coordination during running. Medicine and Science in
Sports and Exercise, 319), 1313-1319.

Herrington, L. (2014). Knee valgus angle during single leg squat and
landing in patellofemoral pain patients and controls. 7he
Knee, 212), 514-517.

Huberti, H H., & Hayes, W. C. (1984). Patellofemoral contact
pressures. The influence of g-angle and tendofemoral
contact. The Journal of bone and joint surgery. American
volume, 665), 715-724.

JClark, J. M, & Haynor, D. R. (1987). Anatomy of the abductor
muscles of the hip as studied by computed tomography.
The Journal of bone and joint surgery. American volurme,
647), 1021-1031.

Kwon, O., Yun, M., & Lee, W. (2014). Correlation between intrinsic
patellofemoral pain syndrome in young adults and lower
extremity biomechanics. Jourmal of physical therapy
science, Z87), 961-964.

Lee, J. W, Kim, Y. J., & Koo, H. M. (2015). Activation of the gluteus
medius according to load during horizontal hip abduction in
a one-leg stance. Jourmal of physical therapy science,
2A8), 2601-2603.

Livengood, A. L., DiMattia, M. A., & Uhl, T. L. (2004). “Dynamic
Trendelenburg™: single-leg-squat test for gluteus medius
strength. [nternational journal of athletic therapy and

training, 90), 24-25.
McBeth, J. M., Earl-Boehm, J. E., Cobb, S. C., & Huddleston, W. E.
(2012. Hip muscle activity during 3 side-lying

hip-strengthening exercises in distance runners. Journal of
athietic training, 471), 15-23.

McGill, S. (2010). Core training: Evidence translating to better
performance and injury prevention. Strength &

Condifioning Journal, 343), 33-46.

Mickelborough, J., Van Der Linden, M. L., Tallis, R. C., & Ennos, A.
R. (2004). Muscle activity during gait initiation in normal
elderly people. Gait & posture, 141), 50-57.

Nadeau, S., Gravel, D., Arsenault, A. B., & Bourbonnais, D. (1999).
Plantarflexor weakness as a limiting factor of gait speed in
stroke subjects and the compensating role of hip flexors.
Clinical biomechanics, 142), 125-135.

Neumann, D. A., & Cook, T. M. (1985). Effect of load and carrying
position on the electromyographic activity of the gluteus
medius muscle during walking. Physical therapy, 643),
305-311.

Presswood, L., Cronin, J., Keogh, J. W., & Whatman, C. (2008).
Gluteus medius: applied anatomy, dysfunction, assessment,
and progressive strengthening. Strength & Conditioning
Journal, 306), 41-53.

Selkowitz, D. M., Beneck, G. J., & Powers, C. M. (2013). Which
exercises target the gluteal muscles while minimizing
activation of the tensor fascia lata? Electromyographic
assessment using fine-wire  electrodes. jourmal of
orthopaedic & sports physical therapy, 432), 54-64.

Semciw, A. L, Green, R. A, Murley, G. S., & Pizzari, T. (2014).
Gluteus minimus: an intramuscular EMG investigation of
anterior and posterior segments during gait. Gat &
posture, 392), 822-826.

Shultz, S. J., Carcia, C. R., Gansneder, B. M., & Perrin, D. H. (2006).
The independent and interactive effects of navicular drop
and quadriceps angle on neuromuscular responses to a
weight-bearing perturbation. Journal of athletic training,
413), 251.

196 Sport Science 2022. 40(1)

=EETIY L 20227 =2 L 2032 AARIEY 1 220324



